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Studies on retinitis pigmentosa in man.
II. Erythrocyte osmotic fragility
A A HUSSAIN AND M J VOADEN

From the Department of Visual Science, Institute of Ophthalmology, University of London,
Judd Street, London WCIH 9QS

SUMMARY The osmotic fragility of erythrocytes from patients with genetically classified forms of
retinitis pigmentosa (RP) has been studied. The mean fragility was increased in autosomal
dominantly inherited RP, where the dystrophy was expressed regionally in the retina, with both
rods and cones affected. In contrast it was normal in patients with the dominantly inherited disease,
which leads to a diffusely distributed dystrophy of, predominantly, rod photoreceptor cells. Raised
osmotic fragility of erythrocytes has also been observed in female patients with multiplex (recessive)
RP and in female carriers of the X-linked form of the disease.

Retinitis pigmentosa (RP) is the name given to a
group of inherited diseases, generally of unknown
aetiology, which lead to the degeneration of rod
photoreceptor cells; cones may also be affected. In
our studies on RP in man we have adopted the
premise that there might be a generalised metabolic
lesion that is expressed overtly in photoreceptors
because of their unique composition, function,
and/or environment. '
The response of erythrocytes to hypotonic insult

provides a simple monitor of general body homoeo-
stasis, since it is influenced not only by the metabolic
status of the cells but also by the composition of
plasma.2 We have therefore routinely included the
test in our studie's on patients with RP, and here we
report our initial findings. Erythrocyte osmotic
fragility varies with the age of the donor and the
turnover time of the cell population."-5 The latter is
reflected in heterogeneity of cell fragilities within
individual samples.' In the course of the study we also
detected sex-related differences.5 We have therefore
considered these variables in the evaluation of our
results.

Several distinct inheritance patterns of RP are
recognised. They include autosomal dominant, X-
chromosome-linked (X-hemizygote), and autosomal
recessive. The last is most clearly distinguished when
brothers and sisters express the disease but there is no
other affected relative, a category referred to.by Jay7
as mixed multiplex. As in our previous study,8 we

Corrcspondcncc to Dr M J Vo.adcn.

have used this terminology, referring also to RP
patients with no known affected relative as simplex.

Materials and methods

The patients reported on here attended the Genetic
and Electrodiagnostic Clinics of Moorfields Eye
Hospital, London, where the category of retinal dys-
trophy was defined genetically, clinically, and where
possible by psychophysical and electrophysiological
tests.9-1 In particular, patients with autosomal domi-
nantly inherited disease were divided into those with
a diffuse loss of, principally, rod vision (D type), and
those with more regionalised retinal lesions and sig-
nificantly affected cone as well as rod vision (R type)
(Ernst WJK, Lyness AL, personal communication).
Osmotic fragility was determined with hypotonic,

phosphate-buffered saline, pH 7-4, as described by
Dacie and Lewis.'' Heparinized blood (50 ,tl) was
mixed with 5-0 ml buffered saline (12 tubes with
dilutions ranging from 1-0 to 9-0 g/l NaCl), and after
30 min at room temperature the absorbance a.t 540
nm of the centrifuged solutions was measured.
Haemolysis curves were constructed from the

experimental data, and a linearising transform3 was
applied to permit linear regression statistics to char-
acterise the osmotic fragility curve by its mean
cellular fragility, X-50 (that is, the molar NaCl con-
centration at 50% haemolysis) and the fragilities
distribution parameter, 13. A broadening of the range
of fragilities would be quantified with a decrease in .
Results are expressed as the mean±SEM.
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Table 1 Osmotic fragility of erythrocytes from patients with retinitis pigmentosa

Category Males Females

Number Age X-50x (-3t Numnber Age X-50x l(3t

(1) 'Normal' 36 40±2 73-5±0-4 42 47±3 72(0±0(4
(2) Autosomal dominant (R type) 6 46±6 76.0±0-9* 11 43±5 75.3±0.8***
(3) Autosomaldominant (D typc) 5 26±2* 71-0±1( 6 8 37±4 72-2±0+5
(4) X-linked hemizygote 16 33+3 721+±0-7
(5) X-linked heterozygotc 13 36±4 73.6±0.5*
(6) Multiplex 6 46±6 74-6±0(3 5 51±6 74-5±0.6**
(7) Simplcx I1 40±4 73-4±0-7 5 40±10 72X8±0(8

*p<005, **p<0.02, ***p<()(X)l whcn compared with the normal group.
tResults cxprcssed as moles/litrc NaCI: sec text for cxplanation.
Categories: (1) Apparently hcalthy voluntccrs. (2) Malcs and/or females affccted in more than one generation: regionaliscd rctinal lesions.
(3) As (2) but diffusc retinal Icsions. (4) X-chromosomc-linked RP: affected malcs. (5) Female 'carriers' of (4). (6) Siblings cxpress the
discase; no other known affected rclaitivc. (7) No known rclative with the discasc.

Results and discussion

The mean osmotic fragilities of erythrocytes obtained
from patients with retinitis pigmentosa are shown in
Table 1. The most striking result is the raised fragility
of cells from patients with the dominantly inherited
disease that leads to regionalised lesions and to the
degeneration of both rod and cone photoreceptors. a
Values did not significantly differ from normal
(control males, 323+10, n=36; R type, 265±28,
n=6; control females, 317+8, n=42; R type,
301±21, n=11). This suggests that erythrocyte turn-
over was not impaired and that the change is caused
not by age variation in the cell population but by
metabolic or extracellular factors-for example,
plasma composition. The result is made more
intriguing because of the normal fragility seen in the
group of patients who also had autosomal dominantly
inherited RP but who were characterised by a more
generalised loss of rod function and early onset of
night blindness (Ernst WJK, Lyness AL, personal
communication). Erythrocyte osmotic fragility
increases with age of the donor (3-5). We must there-
fore also consider the significantly lower mean age in
males with the D-type lesion (Table 1). However, an
approximate correction, based on the rate of increase
in X-50 in normal males over the age range 26 to 40
years,' predicted a mean X-50 for D types of only
72±2 at 40 years of age.

Increased fragility was also evident in erythrocytes
from females with multiplex RP and from carriers of
the X-linked form of the disease. Although the latter
do express a milder form of RP,"' it is not possible
from current knowledge to explain why they and not
the more affected males show a change in the
erythrocyte response. 1 Values were normal for both
,multiplex' females (304±23, n=5) and X-linked
'heterozygotes' (324± 35, n = 13).

Diverse factors interact to determine the
membrane composition of circulating erythrocytes.

Systems of potential relevance to the onset or pro-
gression of RP are lipid status' and the levels of free
radical potentiating and scavenging agents. As
regards the latter, erythrocytes and photoreceptors
subserve functions that may expose them to internally
generated free radicals with the subsequent produc-
tion of activated oxygen. In erythrocytes this may
arise from breakdown products of haemoglobin' and
in photoreceptors from byproducts of the absorption
of light by visual pigments or their photoproducts.' 5

Vitamin E is the principal free radical scavenger and
protectant for both systems,' l'" and lack of the
vitamin will lead to photoreceptor degeneration'7
and an increase in erythrocyte fragility.' However,
other dysfunctions or deficiencies might have similar
outcomes, and the actual cause(s) of the increased
erythrocyte fragilities observed in RP patients in the
present investigations must form the subject of sub-
sequent research.

This study necded paticnts classified into RP subgroups. ind
for thcsc wc arc indcbted to our collctgucs who paisscd on
thcir unpublished rcsults. Wc sinccrely thank thosc who havc
voluntccrcd or takcn blood for us and, in particulair, wc airc graiteful
for the cncouragemcnt and timc givcn by Professor Gcoffrcy Arden.
Professor Alan Bird. Dr Wojtck Ernst. and Miss A Lou Lyncss.
The study has becn supportcd by grants from the National

Rctinitis Pigmcntosa Foundation (USA) aind the Mcdicail Rcscarch
Council.

References

I Flieslcr SJi Andcrson RE. Chcmistry and metabolism of lipids in
the vcrtcbraitc rctina. Prog Lipid Res 1983; 22: 79-131.

2 Gottlicb MIH. Rates of cholcsterol cxchangc betwccn humain
crythrocytcs aind plasmai lipoprotcins. Biojhimn Biophs'ss A cta
198t); 600: 5301-41.

3 Dctraiglia M, Cook FB, Stasiw DM, Ccrny LC. Erythrocytc
fragility in aiging. Biochiin Biophys Acta 1974: 345: 213-9.

4 Bowdlcr AJi Dougherty RM. Bowdler NC. Agc aIs a faictor
affccting crythrocytc osmotic fraigility in males. Geroitology
1981:,27: 224-31.

5 Hussain AA. Voaiden MJ. Erythrocytc osmotic fraigility in main:
variation with aigc aind scx. BrJ Hauematol 1984: 57: 716-8.

127

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.69.2.126 on 1 F

ebruary 1985. D
ow

nloaded from
 

http://bjo.bmj.com/


A A Hussain andMJ Voaden

6 Rifkind JM, Araki K, Hadlcy EC. The relationship bctween the
osmotic fragility of human crythrocytcs and cell agc. Arch Bio-
chem Biophys 1983; 222: 582-9.

7 Jay M. On the heredity of retinitis pigmcntosa. BrJ Ophthalmol
1982; 66: 405-16.

8 Voadcn MJ, Hussain AA, Chan IPR. Studics on retinitis pig-
mentosa in man. 1. Taurine and blood platelets. BrJ Ophthalmol
1982; 66: 771-5.

9 Ernst W, Faulkncr DJ, Noble BA, Clover G. Psychophysical
analysis of visual function in rctinitis pigmcntosa. Dev Ophthal-
mol 1981; 2: 126-9.

10 Ernst W, Clover G, Faulkner DJ. X-Linkcd retinitis pigmcntosa:
reduccd rod flicker scnsitivity in heterozygous females. Invest
Ophthalmol Visual Sci 198 1; 20: 812-6.

11 Arden GB, Carter RM, Hogg CR, et al. Rod and cone activity in
patients with dominantly inherited retinitis pigmcntosa; com-

parisons betwcen psychophysical and cicctrorctinographic
mcasuremcnts. BrJ Ophthalmol 1983; 67: 405-18.

12 Dacic JV, Lewis SM. Practical haernatology. 5th ed. Edinburgh,
London, New York: Churchill-Livingstone, 1975.

13 Paynter Dl, Martin GB. Investigations of combined dietary
deficiencies of copper, sclenium and vitamin E in the rat. Biol
Trace Element Res 1980; 2: 175-91.

14 Kagan V, Shvedova A, Novikov K, Koziov Y. Light induced free
radical oxidation of membranc lipids in photoreccptors of frog
rctina Biochim Biophys Acta 1973; 300: 76-9.

15 Wicgand RD, Giusto NM, Rapp LM, Anderson RE. Evidcnce
for rod outcr segment lipid pcroxidation following constant
illumination of the rat retina Invest Ophthalmol Visual Sci 1983;
24: 1433-5.

16 Kagan VE, Lankin VZ, Shvedova AA, et al. Enzymic and non-

enzymic systcms protecting photoreceptor membranes against
active forms of oxygen and lipid peroxidcs. Bull Exp Biol Med
1979; 88: 856-8.

17 Robison WG Jr, Kuwabara T, Bieri JG. The roles of vitamin E
and unsaturated fatty acids in the visual process. Retina 1982; 2:
263-81.

18 Shapiro SS, Mott DJ. Alterations of enzymes in the rcd blood
cell membrane in vitamin E deficiency. Atnn NYAcad Sci 1982;
393: 263-75.

128

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.69.2.126 on 1 F

ebruary 1985. D
ow

nloaded from
 

http://bjo.bmj.com/

