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ABSTRACT 

Vitamin A and other retinoids are known to have an effect on 

biological membranes. We measured the effects of retinol, retinoic 

acid and retinyl palmitate on in vitro osmotic fragility, spontaneous 

hemolysis and membrane microviscosity of human red blood cells (RBC)., 

Incorporation of retinol into the erythrocyte membrane was also 

studied. The effect of large doses of retinol on adenosine 

dinucleatide phosphate (ADP) and collagen-induced platelet aggregation 

was also measured. The results demonstrate that all three retinoids 

induce alterations in RBC manifested by increased osmotic fragility, 

spontaneous hemolysis and membrane microviscosity. Retinol 

incorporation into the RBC membrane was dose-dependent and saturable. 

The second phase of ADP induced platelet aggregation was markedly 

depressed by retinol while having no effect on collagen induced 

platelet aggregation. 

Retinoid administration to rats induced similar in vivo RBC 

alterations as was seen with retinoid treatment in vitro. 
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INTRODUCTION 

The importance of Vitamin A in facilitating growth, 

differentiation of epithelial tissues, visual function and 

reproduction has been well defined (Goodman & Gilman 1980). For years 

vitamin A has been discussed mainly in terms of consequences of its 

deficiency. Indeed, vitamin A deficiency remains a major health 

problem in many underdeveloped areas of this world. However, recently 

there has been great interest in the possible role of vitamin A as a 

biological modifier of malignant transformation, both in physiologic 

and pharmacologic amounts. This possible relationship of vitamin A to 

cancer attracted the interest of research workers as early as 1926, 

when Fujimaki (1926) reported that rats fed a vitamin A-deficient diet 

developed gastric carcinomas. It was also noted that such vitamin A 

deficient animals showed metaplastic changes in the epithelium of the 

respiratory, the gastrointestinal and the urogenital tracts (Moore 

1957, Wolbach and Howe 1925, 1928). The similarity between the 

histological changes in squamous epithelial tissues of vitamin 

A-deficient animals and certain precancerous lesions led to the 

hypothesis that vitamin A treatment might prevent the development of 

squamous epithelial tumors and metaplasia and hence even carcinoma 

1 
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arising from these precancerous changes. Subsequently, retinoids were 

shown to rapidly reverse the squamous metaplasia accompanying vitamin 

A deficiency and also that induced by various carcinogens. Indeed, in 

a carefully planned study, Saffiotti et. al (1967) found that large 

doses of vitamin A prevented squamous metaplasia in the trachea and 

bronchi of hamsters treated with intratracheal instillation of the 

carcinogenic hydrocarbon benzpyrene. Furthermore, vitamin A 

deficiency in rats enhanced the susceptibility of the respiratory 

tract, bladder and colon to experimental carcinogenesis (Harris, 

Kaufman, Sporn, et. al 1973). The most recent direct evidence 

suggesting a beneficial effect of retinoids on cancer prevention comes 

from animal studies. In experiments where animals were given a 

carcinogen and then some time later a retinoid, it was found that the 

retinoid treatment inhibited formation of tumors in a variety of 

organs, especially urinary bladder, breast and skin (Sporn, Squire, 

Brown, et al, 1977; Gurbbs, Moon, Sporn, et al, 1977; Wayer, Bollag, 

Hanni, et al, 1978). 

In man, epideiiaicological surveys have clearly shown a 

positive association between the incidence of cancer and decreased 

serum concentration of retinol (Wald, Tolle, Boreham, et al 1980). 

Also, pharmacologic doses of vitamin A as well as some of its analogs, 

especially 13-cis-retinoic acid, have recently been shown to have 

significant adjuvant value in some types of cancer chemotherapy (Cohen 

1972; Sporn, Dunlop, Newton, et al 1976; Bollag, 1972). Moreover, 

vitamin A and other retinoid derivatives have been used with success 

both systemically and topically for treatment of a variety of skin 
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diseases (Bollag, Ott 1971; Feck, Yoder, Olsen 1978). Thus, because 

of their apparent and potential value in treating certain types of 

cancer and dermatologic conditions, it seems likely that vitamin A and 

other retinoids may be used with increasing frequency as a treatment 

for diseases in man. However, since the dosages of vitamin A under 

therapeutic investigation are 10-100 times larger than the established 

daily requirement and usual intake of this vitamin, it is logical to 

raise questions regarding the safety of such vitamin A treatment. 

Indeed, a specific acute toxic syndrome and even death is known to 

follow massive acute vitamin A overdose and serious liver disease has 

been reported in cases of chronic high dose vitmain A ingestion. The 

mechanism(s) for these toxic consequences of high dose vitamin A are 

unknown. However, it seems clear that persons who are treated with 

prolonged pharmacologic doses of vitamin A may be at risk of 

iatrogenic disease and should be monitored for toxic side effects. 

Currently no mechanism for detecting early vitamin A toxicity is 

known. Since high doses of vitamin A have been shown to have adverse 

effects on some membrane systems, especially lysosomes, this project 

is directed at evaluating the possibility that vitamin A may also 

induce changes in the erythrocyte membrane which could provide a 

convenient method for monitoring for systemic retinoid toxicity. 

Vitamin A Metabolism 

In the diet, the major, natural sources of vitamin A are 

certain plant carotenoid pigments such a B-carotene and the long chain 

retinyl-esters that are found in animal tissues. B-carotene is first 
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absorbed by intestinal mucosa cells and then enzymatically cleaved to 

give two retinal molecules which are in turn reduced to retinol 

(Goodman, Huang, 1965). Dietary retinyl esters are hydrolyzed by 

specific esterases in the intestinal mucosa before retinol can be 

absorbed. Before leaving the intestinal mucosa, retinol is 

reesterified with long-chain, mainly saturated fatty acids. The 

resulting retinyl esters then pass into the lymphatics with 

chylomicrons to the blood from which they are taken up by the liver 

and stored (Huang, Goodman 1965). 

Mobilization and transport of vitamin A from the liver 

requires first hydrolysis of the retinyl ester storage form. The 

resulting retinol is bound to a specific plasma transport protein, 

namely retinol-binding-protein (RBP). The holoprotein is released 

into the circulation where it binds with prealbumin and normally 

circulates as a 1:1 molar protein-protein complex. The formation of 

the RBP-prealbumin complex serves to reduce glomerular filtration and 

renal catabolism of RBP. The RBP complex transports retinol to target 

organs. The actual delivery process may involve specific cell surface 

receptors for RBP. Thus, retinol appears to be delivered by RBP to 

specific cell surface sites that "recognize" RBP; the retinol released 

at these sites then enters the cell for subsequent metabolism and 

action. The apo-RBP does not seem to enter the cell but is returned 

to the circulation, where it then shows a reduced affinity for 

prealbumin and is selectively filtered by the renal glomeruli. 

Studies in rats and humans have implied that vitamin A 

toxicity occurs in vivo when vitamin A levels are such that no more 



5 

free retinol binding protein is available. Retinol then circulates 

unbound in plasma in a form that can be presented to and interact with 

membranes. In studies conducted with embryonic skeletal tissue grown 

in organ culture, retinol added to the incubation medium 

non-specifically bound to serum proteins caused the degradation of the 

extracellular tissue matrix. This degradation appeared to be due to 

the surface active and membrane labilization effects of retinol on 

lysosomal membranes which in turn resulted in the release of lysosomal 

hydrolases. Thus, binding of retinol to the specific transport 

protein lessens its surface-active effects on biological membranes 

(Dingle, Fell & Goodman, 1972) and makes it available only to those 

cells with specific cell surface receptors for RBP. 

Retinyl esters are normally not present in large amounts in 

the plasma. However, if large amounts of vitamin A are administered 

which exceed the storage capacity of the liver, retinyl esters are 

released into the circulation and associate with lipoproteins (Mallia, 

Smith, Goodman 1975). In this form they can also indiscriminately 

interact with cell membranes and may lead to vitamin A toxicity 

(Mallia, Smith, Goodman 1975; Smith, Goodman, 1976). 

Retinoic acid, not found in significant amounts in the diet, 

is absorbed through the portal system and, like other free fatty 

acids, is transported in plasma bound to serum albumin (Smith, Milch, 

Muto, Goodman 1973). It does not accumulate in the liver or other 

organs in any appreciable amount. Retinoic acid is rapidly 

metabolized, mainly to more polar compounds and is then excreted 

largely in the urine and bile. High doses of retinoic acid are toxic 
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(Harrison, Hixson, Burdeshaw, et al 1977), probably due to the fact 

that its binding to serum albumin or to lipoprotein does not prevent 

subsequent damage to cell membranes (Dingle, Fell, Goodman 1972). 

. Zinc; Effects on Vitamin A Metabolism 

Zinc plays an important role in a number of aspects of vitamin 

A metabolism. An association between zinc and vitamin A was first 

reported by Stevenson and Earle (1956) who noted that zinc-deficient 

swine exhibited low plasma vitamin A concentrations. Administration 

of massive doses of vitamin A accetate were of no apparent benefit in 

raising plasma vitamin A levels to normal unless zinc deficiency was 

also corrected. A number of other workers have subsequently made 

similar observations (Sarawat, Arora 1972; Abdulla 1974; Smith, Brown, 

Smith 1974). The results of these studies indicate that zinc 

supplementation increases the efficiency of vitamin A therapy to 

animals deficient in both zinc and vitamin A. 

The mechanism for this is suggested by the observation that: 

(1) Role as Retinol Dehydrogenase cofactor: Zinc is a 

necessary cofactor for activity of alcohol dehydrogenase (Vallee, Hoch 

1955 and 1957). In 1955, Bliss reported that liver alcohol 

dehydrogenase and retinol dehydrogenase appeared to be the same 

enzyme. Thus, through this enzyme action zinc appeared to be 

necessary for normal interconversion of vitamin A alcohol to vitamin A 

aldehyde - a reaction which takes place in both the liver and retina. 

Smith, McDaniel, Farr, et al (1973) demonstrated that when zinc and 
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vitamin A deficient animals were supplemented with zinc alone, they 

showed an increased plasma but a decreased liver concentration of 

vitamin A. These results indicate that zinc may also be involved in 

mobilizing vitamin A from liver to the circulation. 

(2) RBP Metabolism: In a series of elegant experiments, 

Smith, Brown and Smith (1974) explored the effects of zinc deficiency 

on plasma RBP. The results showed that zinc deficient rats had 

significantly lower plasma vitamin A and plasma RBP. Liver 

concentration of RBP was reduced by nearly one-half in the zinc 

deficient rats. There was no evidence of increased catabolism of 

RBP. Thus, hepatic synthesis of RBP was impaired by zinc deficiency. 

Evidence that zinc may be specifically involved in normal mobilization 

of vitamin A from liver to the circulation was provided by Ette, Bssu 

and Dickerson (1979) using normal animals. Thus it is possible that 

zinc replacement is important not only to treat cases of depressed 

plasma vitamin A but also may be used to treat hepatic toxicity from 

hypervitaminosis A. 

(3) Role in membrane stability: Evidence discussed above 

suggests that vitmain A toxicity may be associated with increased 

lability of various biomembrane systems. In contrast there are data 

suggesting that zinc increases the stability of various membranes 

(Chvapil, Elias, Ryan, et al 1972; Chvapil 1973). For example, zinc 

has long been used by biologists isolating intact cell plasma 

membranes (Warren, Glick, Nass 1966). Bettger, Fish, O'Dell (1978) 

showed that erythrocyte membranes are stabalized by zinc, while 

Chvapil, Peng, Aronson (1974) found that a diet with a high content of 
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zinc decreased the extent of hemolysis of rat erythrocytes. 

On the basis of all these results, in this present study we 

chose to evaluate the effects of zinc on the consequences of 

hypervitaminosis A on the erythrocyte membrane. 

Vitamin A Toxicity 

Acute ingestion of massive amounts of vitamin A has produced a 

well described toxicity and even death (Wandel). Poisoning of men and 

dogs after eating polar bear liver, which contains 13,000 to 18,000 

I.U. Vitamin A per gram of liver, has been repeatedly noted by Arctic 

explorers since 1596. In the few instances of acute toxicity in 

adults that have been monitored, it appears that the harmful level of 

vitamin A is in the range of 2 to 5 million I.U. or more (Hayes, 

Hegsted 1973). In infants, doses as low as 75,000 to 300,000 I.U. can 

cause acute toxicity symptoms. This usually results from accidental 

overdose or from vitamin therapy by a concerned mother. Acute 

hypervitaminosis A is manifested mainly by central nervous system 

abnormalities and is characterized by irritability, muscle soreness 

and general drying and flaking of the skin. The causative mechanism 

is unknown but may be related to an acutely induced neuronal 

abnormality. 

Chronic vitamin A intoxication results from prolonged 

ingestion of the vitamin in amounts many fold the normal daily 

requirement. Cases have been reported in patients who have taken as 

little as 50,000IU/day, but for many years. Chronic hypervitaminosis 
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A is associated with a variety of symptoms and abnormalities. Most 

reported cases haye hepatomegaly and abnormal liver function (Muenter, 

Perry, Ludwig 1971). That these mild hepatic abnormalities may lead 

to more severe and chronic liver disease is suggested by a number of 

authors who report hepatic fibrosis, cirrhosis and portal hypertension 

in both adults and children who chronically take large amounts of 

vitamin A (Rubin, Florman, Degnam, et al 1970; Russel, Boyer, Bagheri, 

et al 1974; Babb, Kieraldo 1978). 

The association of chronic liver disease with hypervitaminosis 

A has been developed primarily from retrospective circumstantial 

evidence. The exact causative mechanism is not known. However, it is 

tempting to speculate that a membrane-toxic effect may be operative. 

Such a hypothesis is based on the fact that vitamin A is an 

amphipathic molecule which is capable of partitioning into the lipid 

structure of membranes. While vitamin A is believed to play an 

important role in insuring stability of both cellular and subcellular 

membrane systems, especially lysosomes (Roels, Anderson, Lui, et al 

1969) excessive vitamin A, added in vitro, decreases membrane 

stability. 

The effects of excess vitamin A on hepatic lysosome have been 

extensively studied in vitro. Vitamin A caused lysosomal 

destabilization and abnormal release of membrane-bound hydrolytic 

enzymes (Wang, Straight, Hill 1976). In vivo studies in which rats 

were given large doses of vitamin A have also demonstrated reduced 

lysosomal stability (Dingle, Sharman, Moore, 1966, Sudhakaran, Kurup 

1974, Kim, Hiroi, Natori, 1976). Accordingly, it was suggested that 



cellular toxicity of vitamin A results from intracellular release of 

hydrolytic lysosomal enzymes (Dingle, 1961). It is conceivable that 

excessive release of hepatic lysosomal enzymes consequent to 

hypervitaminosis A may produce liver cell toxicity and premature cell 

death. Indeed, liver cell necrosis has been demonstrated to be a 

stimulus for hepatic fibrosis and cirrhosis (Hruban, Russell, Boyer, 

et al 1974) and, in hypervitaminosis A, may specifically stimulate 

collagen production by hepatic vitamin A storage (Ito) cells (Kent, 

Gray, Inouye et al 1976). 

Because excessive vitamin A can induce membrane abnormalities 

in liver cells which may be etiologically related to liver disease 

with hypervitaminosis A, I have chosen to evaluate the effects of 

hypervitaminosis A on a readily available membrane system, namely the 

peripheral blood erythrocyte. It is possible that induced changes in 

the erythrocyte may parallel changes in the liver and that monitoring 

for erythrocyte membrane changes during vitamin A therapy may permit a 

convenient "window" to evaluate for developing systemic vitamin A 

toxicity. 



METHODS 

In Vitro 

Erythrocyte (RBC) Osmotic Fragility: 

RBC fragility was measured according to the method of Dacie 

(1962). Venous blood was collected in sodium-heparin vacutainer 

tubes. Retinol was obtained in powder form from Sigma Chem. (St. 

Louis, MO). Varying concentrations of the vitamin were prepared by 

dissolving the powder in ethanol. The resulting solution was pipetted 

into the bottom of test-tubes (final ethanol concentration 1.0%) and 

followed by 5ml of whole blood. This mixture was incubated with 

slight shaking in a 37°C water bath for 120 minutes. Five ml of 

0.01M Tris buffered solutions with NaCl concentrations of 0.35% were 

added to 0.05 ml of the incubated blood/retinol mixture and again let 

to stand at 37°C for 60 minutes after which the test-tubes were 

centrifuged immediately to separate the cells from the supernatant. 

The amount of RBC hemolysis was quantitated by measuring the 

hemoglobin released in the supernatant using a Beckman Acta III 

spectrophotometer set at a wavelength of 540nm. Percent hemolysis in 

the various NaCl concentrations were calculated using hemolysis in 

H20 as 100%. 

11 
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Spontaneous Hemolysis: 

Venous blood was collected, from human volunteers in 

sodium-heparin vacutainer tubes and used within two hours. The cells 

were centrifuged and washed twice with 0.01M Tris buffered 0.9% sodium 

chloride. The packed cell-volume was then determined by centrifuging 

the cells in the sodium chloride solution at 550xg for five minutes. 

Finally, the cells were suspended in the 0.9% NaCl solution to give 1 

ml of packed cells to 40ml of suspension. This standard suspension 

was used in all spontaneous hemolysis experiments. All suspensions 

were used immediately after preparation. 

Retinol was dissolved either in 95% ethanol or DMSO. Retinoic 

acid and retinyl palmitate were dissolved in DMSO. When dissolved in 

ethanol, the final ethanol concentration in the incubating media is 

1.0%. When DMSO is used as the dissolving agent, the final 

concentration in the incubating media is 0.2%. 

The order of addition of the test compound to the erythrocyte 

preparation was standardized as described by Dingle and Lucy (1962). 

Reproducible results were obtained when the ethanolic or DMSO solution 

of the retinoid (0.05ml) was pipetted into the bottom of a dry 

test-tube and then a measured volume (5 ml) of the cell suspension 

added. An equal volume of the dissolving agent (solvent) was added in 

a similar manner to the controls. 

The suspension of erythrocytes in 0.9% NaCl solution was 

incubated with the retinoids with slight shaking at 37°C. At the 

end of the incubation period, the suspension was immediately 

centrifuged for five minutes and the supernatant removed. The 
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extinction at 540nm of the supernatant solution was determined as a 

measure of hemoglobin release. 

Microviscosity: 

Human erythrocyte ghosts were used to measure the effect of 

retinoids on membrane microviscosity. 

Preparation of red cell ghosts was performed by osmotic lysis 

according to the method of Hannahan and Ekholm (1974). Blood was 

collected directly into heparinized vacutainer tubes and centrifuged 

at 550xg for 10 minutes. Plasma and buffy coats were removed by 

careful suction pipetting. The erythrocytes were resuspended in pH 

7.6, 310imOsM Tris buffer. After mixing well by inversion, the sample 

was centrifuged again at 550xg for 10 minutes. The supernatant was 

removed and discarded. This washing procedure was repeated twice. 

Washed cells were used immediately after the final washing. The 

washed cells were resuspended in isotonic Tris buffer pH 7.6 to an 

approximate hematocrite of 50%. 

Five ml aliquots of the 50% cell suspension were tranferred to 

50ml polyethylene tubes. Then 30 ml. of 20imOsM, pH 7.6 Tris buffer 

at 4°C was forcefully blown into the cell suspension. The tubes 

were allowed to stand for five minutes prior to centrifuging at 

20,000xg for 40 minutes at 4°C. 

The membranes were very light weight and tended to be lost 

more easily in the initial supernatant; thus, the first decantation of 

supernatant was a little more difficult than that of subsequent 

washes. As much supernatant was decanted as possible without losing 



membranes. The tube is then placed on a vibrating mixer to loosen and 

resuspend the membranes in the remaining buffer. A small fibrinlike 

skin often attaches to the bottom of the tube. An attempt should be 

made to dislodge it since it may trap membranes. An additional 30ml 

20im0sM, pH 7.6, buffer was blown into the tube and the suspension was 

centrifuged for 40 minutes at 20,000xg at 4°C. A total of four 

washes is usually necessary before the membranes are colorless. 

After removal of the last buffer wash, the membranes were 

suspended in pH 7.6, 20im0sM Tris buffer and transferred to a 100ml 

volumetric flask. The fibrin clot, left behind, was washed well with 

transferring buffer to remove any remaining membranes. The contents 

were diluted to 100ml with buffer. This solution constituted the 

erythrocyte membrane preparation. It contained about 200ug/ml protein 

as determined by the Lowry method. (Lowry, Rosebrough, Forr, et al 

1951) 

Some basic and important considerations of this method are 

discussed by Hannahan and Elkholm (1974). The removal of hemoglobin 

from the membrane is dependent not only on the pH of the hemolyzing 

buffer but also on the osmolarity of the buffer. Hemoglobin release 

is near maximal at pH 7.6 and in a 20-25imOsM buffer. At lower pH 

values and higher osmolarity, a significant amount of hemoglobin is 

retained. In all the experiments using RBC membranes, the membranes 

were stored at 4°C and used within 24 hours of their preparation. 

Retinoids were dissolved in DMSO. The final DMS0 

concentration was 0.2%. The method of incubation of the membranes 

with retinoids was the same as that reported in Spontaneous Hemolysis. 
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After Incubation with retinoids, the membranes were washed 

twice with 20im()sM, pH 7.6, buffer. After the last washing, membranes 

were resuspended in approximately 5ml of 20im0sM buffer and an equal 

volume of DPH solution added, followed by incubation at 37°C for 30 

minutes. The suspension was then centrifuged again at 20,000xg for 30 

minutes and washed twice with 20im0sM buffer. After the last washing, 

the supernatent was decanted and the membranes resuspended in the 

small amount of buffer that was left. This was then transfered to a 

10ml volumetric flask and brought up to 10ml with 20imOsM buffer. 

The fluorescent hydrocarbon 1, 6-diphenyl 1, 3, 5-hexatrene 

(DPH) was used as the probe for monitoring fluidity in the cell 

membrane lipid layers. DPH localizes equally well in the fluid and 

solid lipid domains of biologic membranes (Shinitsky and Barenholz 

1974). The fluorescence polarization reflects almost exclusively the 

angular displacement of its long axis. 

-3 
For labelling, 2 x 10 M DPH in tetrahydrofuran was first 

diluted 1000-fold with 20im0sM buffer with vigorous stirring. 

Stirring was continued for 15 minutes at room temperature and a clear, 

stable aqueous dispersion of 2 x 10 DPH, practially void of 

fluorescence, was obtained (Shinitzky and Inbar 1974). Polarized 

fluorescence measurements were made with a fluorescence 

spectrophotometer which was fitted with polarizers in the excitation 

and emission paths and a thermostatically controlled cuvette holder. 

Polarized light of 365nm wavelength was used to excite fluorescence 

while emission was measured at 428nm. Fluorescence intensities were 



measured parallel and perpendicular to the direction of the polarized 

excitation beam. Control samples of DHP labelled suspension were 

examined in each experiment. The degree of fluorescence polarization 

P, relates only to the apparent microviscosity of the liquid domain 

through the Perrin equation; ro/r = 1 + 3K/r = 1 + 3T/p. A detailed 

mathematical derivation of P and a discussion of the Perrin equation 

can be found in Shinitzky and Barenholz, 1974. For comparative 

purposes, simple presentation of P values can serve as a scale of 

fluidity. Theoretically, P values range from -0.333 to +0.500. In 

practice, according to van Hoeven et al (1979), using DPH for lipid 

bilayer probing, the range is from about 0.11 (highly fluid) to the 

limiting value 0.460 (highly viscous). 

Erythrocyte: % Vitamin A and Lipid Content 

3 Erythrocyte ghosts and H-retinol were used to study the 

distribution/incorporation of retinol into the cell plasma membranes. 

A red blood cell ghost suspension was prepared as described earlier. 

Five ml of this membrane suspension was added to 0.01ml ethanol 

3 
containing varying concentrations of H retinol and then incubated 

at 37°C for 60 minutes. The membranes were then centrifuged at 

20,000xg and washed twice with the 20imOsM Tris buffer. The filtrate 

and washings were saved. Radioactivity was quantitated by liquid 

scintillation spectroscopy using Aquasol . 

Cholesterol (Zak 1965) was determined using Zak's reagent 

(76.4 mg FeCl^/lOOO ml glacial acetic acid) and a cholesterol 

tiolein standard in isopropanol (400 mg / cholesterol; 50 mg / 



17 

tloleln). Samples and standards were evaporated to dryness. Three ml 

of Zak's reagent was added to the membrane preparation and also to an 

empty test tube for a reagent blank, followed by 2 ml of concentrated 

E^SO^. This was mixed immediately and then allowed to sit for 

thirty minutes. Absorbance at 560 mm was read with a spectophotometer. 

For the determination of phospholipid (Raheja, Kaur, Singh, et 

al 1973), the samples and standards (hepatodecanoyl) were evaporated 

to dryness. A volume of 0.5 ml chloroform and 0.1 ml chromagenic 

solution were added. The test tubes were placed in boiling water for 

1-5 minutes and then cooled to room temperature. 5 ml Hexane was then 

added, mixed and allowed to sit for 30 minutes. The top layer was 

read at OD 710nm. 

Platelet Aggregation: 

Nine volumes of whole blood from "healthy" individuals was 

added to one volume of citrate-citric acid anti-coagulant and spun at 

180xg at room temperature for ten minutes in a small clinical 

centrifuge. The platelet'-rich-plasma (PRP) fraction was drawn off 

with a plastic pipette. Remaining blood was spun again at 1200xg for 

ten minutes and the clear platelet-poor-plasma (PPP) was drawn off. 

Platelets were tested within two hours of blood drawing. 

Platelet aggregating agents used were either adenosine 

diphosphate, ADP (lug/ml normal saline) or collagen suspension. The 

collagen suspension was prepared by grinding 1.0 gm collagen with 300 

ml cold normal saline. 
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Platelet aggregation was measured using a dual-channel 

Chrono-log aggregometer. With the aggregometer at 37°C, 0.5 ml PPP 

in the cuvette was used to set the 100% transmittance baseline. A 

transmlttance baseline of 0% was set using 0.4 ml PRP with stirrer in 

cuvette. A volume of 0.05 ml of the desired aggregating reagent was 

added to the PRP. The reaction was allowed to proceed for at least 

five minutes or until a constant maximum aggregation occurred. 

In Vivo Studies 

Rats: Acute 

Twenty rats were divided into four groups. The first group 

was fed a diet high in Vitamin A (retinyl palmitate 30,000 I.U.), the 

second a diet high in zinc (lmg/lOOg body weight), the third a diet 

high in both Vitamin A and zinc, while the fourth served as a 

control. The rats were kept on these diets for two days and 

sacrificed on the third day with Innovar (Pittman Moore). Blood was 

collected with heparin by cardiac puncture. The red blood cells were 

subjected to spontaneous hemolysis and osmotic fragility tests. 

Rats: Chronic 

The effects of Vitamin A and the potential modifying effects 

of zinc on erythrocyte spontaneous hemolysis and osmotic fragility 

were evaluated in 42 male Spargue-Dawley rats divided into six 

groups. The first three groups were fed for six weeks a diet with low 

zinc content (4 ppm) with the intent to develop a marginal zinc 

deficiency. Groups 4-6 were fed the same diet containing high zinc 



corresponding to 200 ppm zinc oxide in the diet. High and low zinc 

diets also contained three levels of Vitamin A: 100 IU, 5,000 IU and 

8,000 IU daily. At the completion of six weeks, the rats were 

sacrificed with Innovar (Pittman Moore) and blood was collected with 

heparin by cardiac puncture. Plasma retinol and retinyl palmitate 

levels were determined by high pressure liquid chromatograph by Dr. D. 

Albert's laboratory. Erythrocyte spontaneous hemolysis and osmotic 

fragility were measured as previously described. 



RESULTS 

In Vitro 

Osmotic Fragility: 

Figure 1 shows an osmotic fragilogram of normal human 

erythrocytes. As the tonicity of the NaCl solution decreases, RBC 

hemolysis increases. Comparative evaluation of the effects of osmotic 

stress on RBC is frequently done using only one saline concentration, 

usually 0.35%. To evaluate the effects of varying retinol 

concentrations on erythrocyte osmotic fragility, 0.35% saline was 

used. Figure 2 shows the effects of increasing retinol concentrations 

on erythrocyte hemolysis. As retinol concentration was increased, the 

percent RBC hemolysis increased significantly (p <_ 0.01). 

Spontaneous Hemolysis: 

Human RBC were incubated with various concentrations of 

retinol, retinoic acid and retinyl palmitate. (Figure 3) With 

increasing retinoid concentration, erythrocyte hemolysis was induced 

by all three retinoids. There was no apparent difference in the 

hemolysis induced by low concentrations of the three retinoids, but by 

30ug/ml, there was a statistically significant difference with retinol 

inducing the greatest membrane effect (p 0.01). 

To determine if the effects of hypervitaminosis A on the 

erythrocyte are intensified or reduced by zinc, human RBC were 

20 



incubated with zinc chloride in the presence of 30ug/ml retinol. RBC 

hemolysis was significantly reduced in the presence of zinc at all 

three time points, as seen in Figure 4. Zinc alone did not show much 

difference from control. 
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Figure 1. Osmotic Fragilogram of Normal Human Erythrocytes. 
The error bars represent one standard deviation 
of the mean. 
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Figure 2. The Effect of Increasing Retinol Concentrations 
on Hemolysis of Human Erythrocytes in 0.35% NaCl. 
The error bars represent one standard deviation of 
the mean, (n = 9) 
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Figure 3. The Comparative Effect of Three Retinoids oh 
Spontaneous Hemolysis of Human Erythrocytes. 
The error bars represent one standard deviation 
of the mean. O -O retinol, A A retinoic 
acid, # # retinyl palmitate. (n = 9) 
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Figure 4. The Effects of Zinc Chloride on Spontaneous Hemolysis 
of Human Erythrocytes in the Presence of Retinol. 
Retinol concentrations is 30ug/ml, zinc concentration 
is 13.6ug/ml. The error bars represent one standard 
deviation of the mean. O O retinol, A A retinol 
and zinc,D • zinc, # #control. (n- = 3) 
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Microviscosity: 

The effects of the three retinoids on erythrocyte membrane 

microviscosity was evaluated. Microviscosity was represented by a P 

value. The higher the P value, the less fluid or in other words the 

more rigid are the membranes. Similar to the other effects on 

membrane properties, retinoids were found to effect relative 

microviscosity. (Figure 5) A significant increase in membrane 

rigidity was induced by both retinol and retinoic acid. Retinyl 

palmitate induced the least change. 

The possibility that zinc might modify the Vitamin A effect 

was again tested. (Figure 6) Erythrocyte membranes incubated with 

retinol in the presence of zinc showed much less rigidity compared to 

those without zinc. The result was similar to the effect seen with 

spontaneous hemolys i s. 

Erythrocyte: Triated Vitamin A and Lipid Content: 

To determine whether the effects of vitamin A on the 

erythrocyte membrane were due to incorporation of the vitamin A 

molecule into the membrane or a change in membrane lipid composition, 

erythrocyte ghosts were incubated with varying concentrations of 

-3 
retinol plus H vitamin A added to achieve known specific activity. 

The amount of vitamin A incorporated in the membranes is shown in 

Figure 7. As more vitamin A was added in the incubation medium, the 

amount of incorporated vitamin A increased progressively to 40 g/ml. 

Above this, retinoid incorporation appeared to plateau. 
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The concentration of both phospholipid and cholesterol in 

membrane ghosts were analyzed. There was no significant difference in 

the phospholipid/cholesterol ratio between the control ghosts and 

those incubated with vitamin A. 
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Figure 5. The Effect of Retinoids on Human Erythrocyte 
Membrane Microviscosity. The error bars represent 
one standard deviation of the mean. O O retinol, 
A A retinoid acid, # # retinyl palmitate. 
(n - 6) 
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Figure 6. The Effect of Zinc Chloride on Human Erythrocyte 
Membrane Microviscosity in the presence of 
Retinol. Zinc concentration was 13.6ug/ml. 
The error bars represent one standard deviation 
of the mean. O -O retinol, • • retinol and 
zinc, (n = 3) 
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Figure 7. Incorporation of %-Retinol in Human Erythrocyte 
Membrane. The error bars represent one standard 
deviation of the mean, (n =» 3) 



Platelet Aggregation: 

Aggregation of platlets incubated with various concentrations 

of vitamin A was compared to that of control using ADP as the 

aggregating agent. Aggregation of the normal control platelets gave a 

biphaslc curve which increased with time. At the end of five minutes 

the curve plateaued indicating no further increase in aggreation after 

this time point. (Figure 8) As concentrations of vitamin A 

increased, the second phase of the aggregation curve decreased. 

Eventually at and above 200ug/ml, the second phase of the curve 

completely dissappeared. There was also much less pronounced first 

phase remaining. 

In order to determine if the vitamin A impairment in the 

second wave of the platelet aggregation resulted from an abnormality 

in the platelet membrane or in impaired release of granule ADP, 

supernatant from platelets which did not aggregate after incubation 

with vitamin A was added to fresh platelet-rich plasma. (Figure 9) 

Normally, supernatant from ADP treated platelets will cause fresh 

platelets to aggregate. There were no signs of aggregation. This 

result suggested that the granules of vitamin A treated platelets were 

not releasing any aggregating agent (ADP). In order to exclude an 

induced defect in the platelet plasma membrane which prevented 

aggregation, vitamin A treated platelets which did not show 

aggregation with ADP were subjected to collagen as the aggregating 

agent. (Figure 10) With exposure to collagen, a normal aggregation 

curve was seen. These results suggest that high dose vitamin A 
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effects either the ADP receptors on the platelet membrane, interferes 

with a message from ADP receptors to cytoplasmic granules or in some 

other way prevents degranulation and release of platelet ADP. 
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Figure 8. (a) 

(b) 

Control Platelet Aggregation Curve with 
Adenosine Diphosphate. 
Platelet Aggregation Curve with Adenosine 
Diphosphate after incubation with 30ug/ml 
Retinol. 
Note: light depression of the second wave 
(*) of platelet aggregation. 
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Platelet Aggregation Curve with Adenosine 
Diphosphate after incubation with lOOug/ml 
Retinol. 
Platelet Aggregation Curve with Adenosine 
Diphosphate after incubation with 200ug/ml 
Retinol. 
The second wave of platelet aggregation (*) 
is markedly suppressed by lOOug/ml and 
abolished by 200ug/ml Vitamin A. 
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Figure 9. Platelet Aggregation Curve of Fresh Platelet-
Rich-Plasma with supernatant from Platelets 
which did not aggregate after incubation with 
200ug/ml Retinol. 
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Figure 10. (a) Normal Platelet Aggregation Curve with 
Collagen. 

(b) Platelet Aggregation Curve with Collagen 
after incubation with 200ug/ml Retinol. 
Although there is a slight delay in onset, 
platelet aggregation is normal. 



In Vivo 

Rats: Acute 

KBC from control rats showed a slow and gradual increase in 

spontaneous hemolysis with increasing incubation time. (Figure 11) A 

similar pattern, but with slightly greater hemolysis at each time 

point occurred for RBC from vitamin A treated rats. The values for 

vitamin A treated animals were not significantly different from 

control until the three hour period. 

Treatment of the animal with zinc alone did not show much 

difference from control but the combination of vitamin A and zinc 

decreased the labilizing effect of vitamin A on RBC at all time 

points. This effect was also significantly different from control 

animal only at the three hour time point. (Figure 12) 

Rats: Chronic 

Since the preliminary acute study did not show significant 

differences in spontaneous hemolysis between control and vitamin A 

treated rats, for the chronic treatment experiments, RBC osmotic 

fragility was measured to further evaluate for evidence of erythrocyte 

abnormality. 

Table 1 shows the effects of vitamin A and/or zinc on the RBC 

spontaneous hemolysis. The three different levels of dietary vitamin 

A did not have any significant effect on RBC spontaneous hemolysis. 

In contrast, zinc levels made a significant difference. The three 

groups of rats given a high zinc diet had consistently significantly 



lower degrees of hemolysis compared to the groups given lower zinc 

diets. 
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Figure 11. Effects of Acute Vitamin A Treatment on Rat 
Erythrocyte Spontaneous Hemolysis. The error 
bars represent one standard deviation of the 
mean. O O control rats, # # vitamin A 
treated rats, (n = 5) 
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Figure 12. Effect of Acute Vitamin. A and Zinc Treatment 
on Rat Erythrocyte Spontaneous Hemolysis. 
The error bars represent one standard deviation 
of the mean. # 9 Vitamin A treated rats, 
& A Vitamin A and Zinc treated rats. (n = 5) 
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Zinc in Diet 

4ppm 200ppm 

lOOIU/day (normal) 0.040 + 0.003 0.029 + 0.001 

5,000IU/day (high) 0.035 + 0.003 0.028 + 0.001 

8,000IU/day (very high) 0.034 + 0.001 0.028 + 0.002 

TABLE 1. Effect of Chronic Vitamin A and Zinc 
Treatment on Erythrocyte Spontaneous 
Hemolysis of Rats. Degree of hemolysis 
quantitated by hemoglobin released at 
0D 540nm. 
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Figure 13 shows the effects of different levels of dietary 

vitamin A on RBC osmotic fragility. Moderately high level of vitamin 

A (5,000IU/day) did not show a significant increase in osmotic 

hemolysis from that of normal vitamin A (lOOIU/day) but very high 

levels of vitamin A (8,000IU/day) caused a significant increase. Of 

interest zinc supplementation significantly opposed the retinoid 

effect ?and reduced the abnormality in osmotic fragility. 

Plasma levels of retinol and retinyl palmitate were compared 

between the three different vitamin A fed groups. (Table 2) Retinol 

levels remained fairly constant regardless of the amount of dietary 

vitamin A. In contrast, plasma retinyl palmitate levels increased 

substantially when vitamin A intake was increased. 
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Retinol 

ng/ml 

lOOIU/day (normal) 303.8 +95.4 

5,000IU/day (high) 304.8 + 58.5 

8,000IU/day (very high) 322.7 + 53.9 

a p<:0.05 

Retinyl Palmitate 

ng/ml 

29.3 + 12.3 

253.5 + 74.0a 

318.3 + 150.8a 

TABLE 2. Serum Retinol and Retinyl Palmitate Levels of Rats 
After Chronic Vitamin A Treatment 



DISCUSSION AND CONCLUSIONS 

Previous reports have given conflicting results as to the 

effects of excess vitamin A on the erythrocyte membrane. Dingle and 

Lucy (1962) reported an increase in spontaneous hemolysis in the 

presence of excess vitamin A while Kartha and Krishnamurthy (1978) 

reported that erythrocytes were less susceptible to osmotic challenge 

when treated with vitamin A. In this study, excess vitamin A both in 

vitro and in vivo indeed affected the erythrocyte (both rat and 

human), making it more susceptible to both osmotic challenge and 

spontaneous hemolysis. The results are in agreement with the findings 

of Dingle and Lucy. 

Based on the fact that various membrane proteins may show 

lateral displacement in the plane of the cell surface, the state of 

fluidity of the membrane lipid matrix has received particular 

attention. One method for studying membrane fluidity is the 

fluorescence polarization technique. Ihis method uses an apolar 

fluorophore, such as DPH, as a reporter molecule for the hydrocarbon 

regions of the lipid bilayer. This technique has previously been 

applied to the isolated plasma membrane and to exfoliated cell-surface 

vesicles of mouse leukemia cells and thymocytes. Recently excess 

vitamin E was shown to change the fluidity of human platelet 

membranes. Steiner (1981) showed that at temperatures above 27°C, 

45 



membrane fluidity of (X -tocopherol-loaded platelets increased above 

that of normal control platelet membranes. This effect of 

-tocopherol was dose-dependent up to a maximal concentration in the 

medium. In our studies, retinoids had a similar effect of increasing 

erythrocyte membrane microviscosity. This effect appeared to be 

dose-dependent with the dose-response curve plateauing at the higher 

concentrations of retinoids. It therefore seemed possible that 

retinoids exert an action on RBC membranes through an effect on the 

physical interaction of the membrane lipids, in particular lipid-lipid 

and/or lipid protein interactions. 

Change in the composition of membrane lipids readily influence 

such interactions. One of best studied examples is the effects on 
j 

membrane fluidity induced by changes in membrane cholesterol. Its 

insertion into membranes decreases the random rotational motion of the 

adjacent phospholipid hydrocarbon chains and increases the degree of 

order by preventing the disassociation and fusion of hydrocarbon 

chains as random motion changes (Chapman, Penkett 1966; Shinitzky, 

Inbar 1974; Hubbell, McConnel 1971). 

To further explore the question of whether retinoids exert 

their effects on the erythrocyte by incorporating into the membrane or 

being absorbed into the cell, the association of tritium-labelled 

retinol with erythrocyte membrane was measured. Not only was retinol 

incorporated into the erythrocyte membrane, the incorporation was 

dose-dependent, reaching a maximal and had plateaued by 40ug/ml. 

Incubation with retinol caused no significant alteration in membrane 



cholesterol and phospholipid content and ratio. This suggests that 

retinoid-induced alterations in the erythrocyte membrane results at 

least in part from partition of the lipophilic retinoid into the 

membrane, with intercalation of the retinoid molecule between membrane 

lipid species. The variation in effect between different retinoids on 

membrane properties could depend on either the total mass of retinoid 

entering the membrane, or on interference with intermolecular bonding, 

or a combination of both. 

The effects of excess vitamin A on biological membranes in 

peripheral blood was further explored by evaluating for changes in 

platelet aggregation. When ADP or adrenalin is added to citrated 

platelet-rich-plasma, most platelets are activiated. During stirring, 

the platelets collide and become attached to one another. In this 

way, aggregates are formed. In the course of aggregation, empty gaps 

occur between the aggregates. After approximately one minute, the 

activiated state of platelets is lessened and disaggregation starts. 

Adenine nucleotides (ADP) are thought to be released from granules 

inside the platelets during this phase. The free platelets will then 

be reactivated and a second wave of aggregation starts. This occurs 

after 2-4 minutes. The results of this study demonstrate that as the 

concentration of vitamin A is increased, the first and second phase of 

ADP stimulated platelet aggregation is slightly diminished. With 

still higher levels of vitamin A the second phase of aggregation 

becomes specifically depressed and eventually disappeared at 200ug/ml 

vitamin A. This suggests that vitamin A may prevent the second phase 
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of ADP activation of platelets by directly preventing release of 

platelet adenosine nucleotides or by preventing the transfer of 

information or events needed for the release of ADP from the platelet 

granules or by interfering with function of the platelet membrane 

required for agglutination to occur. 

To further evaluate these possibilities another platelet 

aggregating agent, collagen, was added to vitamin A treated platelets 

which did not aggregate with ADP. Collagen and ADP have different 

receptor sites on the platelet membrane. Collagen-induced aggregation 

depends on several factors. First, the platelets adhere to the 

collagen. This adhesion will then induce a release of ADP that 

aggregates the platelets. Once this has occurred, further release and 

aggregation will take place. Vitamin A treated platelets have a 

normal aggregating curve when introduced to collagen. This together 

with the results from the above studies might indicate that excess 

vitamin A interfere with translation of a message from the ADP plasma 

membrane receptor sites to platelet granules. This would be evaluated 

in more detail by examining for platelet degranulation by electron 

microscopy or by specifically measuring for release of other platelet 

granule components such as seratonin. 

In Vivo Studies 

Erythrocyte hemolysis in response to osmostic stress was 

significantly greater in the rats with diet-induced hypervitaminosis A 

than in control animals. Of specific interest, mean blood retinol 

concentrations in these rats was not significantly different from that 



of controls. In contrast, the mean blood retlnyl palmitate 

concentrations were clearly elevated above the control rats in which 

this retinyl ester was barely detectable. These data demonstrate that 

in vivo changes in the erythrocyte membrane as in vitro, were induced 

by chronic ingestion of excessive vitamin A. Moreover, the membrane 

changes did not correlate with serum levels of retinol which were 

normal. While retinol caused the greatestretinyl palmitate caused 

the least change in RBC osmotic stress in vitro, elevated blood levels 

of retinyl palmitate were associated with significant changes in 

erythrocyte membrane properties in the treated rats. This chronic 

hypervitaminosis A is associated with significant increases in retinyl 

ester in blood which, in turn, is associated with significant 

measurable alterations in RBC membrane properties. 

This study has demonstrated that, similar to hepatic lysosomal 

membranes, hypervitaminosis A induces changes in membrane systems in 

peripheral blood. The results have not defined whether such changes 

in the erythrocyte membrane are themselves chronically significant. 

For example, in other conditions such as hereditary spherocytosis and 

cholestasis (Cooper, Jandl 1969; Verkleij, Nauta, Werre et al 1976) 

where the RBC membrane is abnormal, erythrocyte half life in blood is 

reduced and anemia may occur. Clearly patients taking large amounts 

of vitamin A chronically should now be evaluated for an abnormality in 

erythrocyte property and function. 



SUMMARY 

This project was initiated to determine if hypervitaminosis A 

was accompanied by an abnormality in a conveniently obtained membrane 

system in peripheral blood. The results clearly demonstrate that 

reliably measurable changes can be seen in the erythrocyte. The next 

step should be to correlate the appearance and magnitude of the 

erythrocyte change with alteration induced by hypervitaminosis A, 

especially the liver. It is very possible that the RBC changes 

defined in this work will be a useful way to monitor patients for 

developing systemic retinoid effect and toxicity. 
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