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Prostaglandin metabolism and intraocular pressure
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SUMMARY The plasma lipid alterations characteristic of essential fatty acid deficiency (EFAD)
generally appear one to two weeks after the initiation of fat free parenteral nutritional (PN), and
may be associated with a reduction in prostaglandin (PG) formation. In the present study the
relationship between exclusion of fat from the diet and changes in intraocular pressure (IOP) and
PGE2 plasma levels were studied in 28 patients. The results indicated that three weeks after the
omission of dietary fat a significant reduction in IOP levels occurred which persisted throughout the
follow-up period of 7 (SD 1-2) weeks. Plasma PGE2 levels were also significantly reduced in
patients on fat free PN for three weeks as compared with levels measured while patients were on a
fat containing diet. This clinical observation is not yet understood and might be related to changes
exerted by fatty acid deficiency.

Patients on fat-free parenteral nutrition (PN)
may show the alterations in plasma lipid pattern
characteristic of essential fatty acid deficiency
(EFAD) as early as a week or two following initiation
of the diet.'- These changes involve a decrease in
plasma levels of linoleic and arachidonic acids, and a
significant increase in 5.8.11 eicosatrienoic acid.' The
clinical manifestations of EFAD, desquamative
dermatitis, hair loss, thrombocytopenia, and poor
wound healing,2 appear later in the course of this
disorder. '

Decreased prostaglandin (PG) production in
EFAD may occur as a result of the reduction in
arachidonic acid and the increase in 5.8.11 eico-
satrienoic acid serum levels, since the latter is a
potent inhibitor of PG synthesis and the former is the
main substrate of PG production.4 PGs are mainly
known for their mediatory role in inflammation in
most organs,6 including the eye.7" Likewise it is well
established that exogenous and endogenous PGs can
give rise to acute elevation of intraocular pressure
(IOP)."'2 However, when applied in low doses PGs
cause a prolonged reduction in IOP.''6
The present study was undertaken to investigate

the relationship of fat free nutrition, PGE2 plasma
levels, and IOP.

Subjects and methods

The subjects were 18 female and 10 male patients
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aged 21 to 60 years who were on fat free PN. The age
distribution and the diagnosis which necessitated the
fat free PN are given in Table 1.

Fat free PN was the sole source of alimentation of
all 28 patients for an average period of 7±1-2 weeks
(mean±SD). The diet consisted of a mixture of
crystalline amino acids, hypertonic glucose, electro-
lytes and vitamins. Later, fat supplementation (intra-
lipid 10%, containing a mixture of essential fatty
acids) was added for further 9±2* 1 weeks.
Though patients involved in this study were suffer-

ing from major illness, owing to the daily high calorie
input made possible by the PN some were gaining
weight, while none lost weight. Likewise there was

Table 1 Distribution ofpatients on PNaccording to age,
sex, and diagnosis

Age (yr) Sex No. ofpatients

Female Male

21-44 5 3 8
45-59 7 6 13
60andover 5 2 7
Total 28
Diagnosis
Ulcerative colitis 5
Crohn's disease 7
Neoplastic diseases 11
Diverticulitis 1
Lymphoma 4
Total 28
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no fall in systemic blood pressure in these patients
while they were on fat free diet. Supplementation of
fat in these patients did not affect their general
health, blood pressure, or body weight.
During the study the ophthalmologist involved was

unaware of the diagnosis of the patient or his diet.
The IOP was measured at the bedside under

topical anaesthesia with benoxinate hydrochloride
0*4% and a Schi0tz tonometer, with both 5-5 and 10-0
mg weights. The average of six measurements, three
with each weight, was taken, and the deviation for
each set of three measurements did not exceed
10-15%. All measurements were performed on all
patients by the same ophthalmologist at the same
time of day (between 10 and 12 am). Scleral rigidity
was calculated for each patient by means of the
paired Schi0tz tonometer reading as described. 17
Patients with gross signs of inflammation or other
ocular pathology were excluded. Measurements
were made weekly-before the patients were started
on the fat free PN, during the fat free PN, and after
the patients received fat supplementation.
PGE2 plasma levels were determined in 14 patients

by radioimmunoassay of a PGE2 metabolite (13,14-
dehydro 15-keto PGE2) using a specific antiserum.'8
Blood samples for PGE2 analysis were drawn into

glass tubes containing EDTA (3.7x 10-3M final con-
centration) and indomethacin (10-6M final concen-
tration). They were then centrifuged at 2000 g for 15
minutes at 40'C. The plasma fraction was isolated,
frozen, and stored at -70'C. Blood samples were
drawn three weeks after fat free PN was initiated and
then after three weeks of fat supplementation of the
diet.
Data were statistically evaluated by Student's t

test.

Results

The effect of dietary fat on IOP is shown in Table 2.
Ocular pressure was significantly reduced on the

Table 2 Effect ofdietary fat on intraocularpressure

No. ofweeks Intraocularpressure (mmHg), mean±SD
following dietary
changes Normal diet Fatfree PN Fatsupplemented

PN

14-38±2-80
(28)*

3 10-65±2-60 13-92±3-04
(28) (28)

5 9-50+3-20 14-18±2-09
(23) (23)

7 9-90±5-09 14-38±2-80
(17) (15)

*Numbers in brackets indicate the number of patients included.

third week of fat free PN in comparison with levels
measured in these same patients while on normal diet
(p=00001). Supplementation of fat to the diet for
three weeks was followed by an increase in ocular
pressure to levels observed when these patients were
on a normal diet (p=0001). Comparison of IOP
measurements taken when patients had been on fat
free diet for three, five, and seven weeks showed they
were not significantly different (p=085). The mean
IOP of patients on fat free PN was lower by
3-53±2-20 mmHg than the mean level measured
while they were on fat supplemented diet (p=
0-0001). Comparison of mean scleral rigidity for
patients while on fat free PN and following fat
supplementation was not significantly different
(0.0196±0.0030 and 0*0189±0*0038 respectively).
The effect of dietary fat on PGE2 plasma levels was

studied in 14 of the patients and is detailed in Table 3.
The results indicated that PGE2 plasma levels were
significantly lower in the patients on a completely fat
free PN for three weeks than in patients on a fat
supplemented PN for the same length of time (p=
0.0004). The mean reduction in PGE2 levels was
0 148±0 0004 pg/ml (p=0 0079).

Discussion

EFAD occurs as a complication of fat free PN in both
infants and adults and is already evident one to two
weeks after initiation of this diet.'-' In patients on a
normal diet linoleic acid-the only essential fatty
acid in man-is elongated and desaturated to form
arachidonic acid. Omission of fat causes linoleic acid
deficiency with an accumulation of oleic acid, which
is converted to 5.8.11 eicosatrienoic acid rather than
arachidonic acid. This in the course of EFAD two
processes occur that reduce PG formation: the
increase in 5.8.11 eicosatrienoic acid, a potent inhib-
itor of PG production,5 and the decrease in avail-
ability of arachidonic acid, a main substrate of PG
synthesis. '

It is generally accepted that exogenous or endo-
genous PGs applied to the eye cause an acute rise in
IOP associated with development of flare and other
signs of inflammation.;'2 However, low doses of

Table 3 Effectofdietaryfatonprostaglandin E2 (PGE2)
plasma levels

PGE2plasma levels (pg/ml), *
(mean ±SD)

Fat free diet (n= 14)t 0-015±0-004
Fat containing diet (n= 12) 0-029±0-01

*Determined after patients had been on either dietary regime for
three weeks. tn= the number of patients studied.
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PGE2 and PGF20 topically applied to the rabbit, owl
monkey, cats, or rhesus monkey eye cause a highly
significant decrease in IOP distinctly different in each
of the species studied."''5 This ocular hypotension in
cats and rhesus monkeys was maintained during the
course of a long term topical treatment with PGE2
and PGF2a with negligible signs of irritation.'6 In
addition PGs are believed to act as mediators of
adrenergic neurotransmission by a negative feedback
mechanism in the eye and various other organs.' 19
PGs have been also suggested to have a modula-

tory role in the ocular pharmacological effect of
sympathomimetic amines in vivo based on indome-
thacin capability to inhibit in rabbits222 and humans'
the hypotensive effect of topically applied epine-
phrine. Recently evidence for alpha-adrenergic
stimulation of PGs released from rabbits and bovine
irides was reported.24 PGE2 was the major PG
released.24 However, it is as yet unknown how PGs
exert their effect on IOP, especially in man.

In the present study the omission of fat from the
diet was associated with a significant decrease in
ocular pressure compared with levels noted while
patients were on a normal diet. Decrease in ocular
pressure was not associated with changes in scleral
rigidity, though rigidity in the two groups of patients
involved in our study was somewhat lower than
normal (normal value for K is 0-0215).'7 The reduc-
tion in IOP persisted as long as the patients were on
fat deficient regimen, during a mean follow-up period
of 7±1.2 weeks, and the pressure returned to normal
on fat supplementation.
The development of EFAD Was associated also

with a significant decrease in PGE2 plasma levels
when compared with normal levels. These results are
in agreement with those of Freund et al.,26 who
showed that PGE2 metabolite levels were reduced on
exclusion of dietary fat. However, lowering levels of
PGE2 metabolites in plasma does not necessarily
mean a decrease in synthesis of these products. The
association of IOP reduction, EFAD, and reduced
plasma levels of PGE2, though clinically interesting is
not fully understood and might not necessarily
indicate a casual relationship. The patients studied
suffered major sickness, and therefore other factors
besides EFAD might have affected changes in ocular
pressure and PGE2 levels.

References

1 Goodgame JT, Lowry SF, Brennan MF. Essential fatty acid
deficiency in total parenteral nutrition. Time course of develop-
ment and suggestion for therapy. Surgery 1978; 84: 271-9.

2 Oneilli JA, Caldwell MD, Meng HC. Essential fatty acid
deficiency in surgical patients. Ann Surg 1977; 185: 535-42.

3 Wene JD, Connor WE, DenBesten L. The development of
essential fatty acid deficiency in healthy man-fed fat free diets
intravenously and orally. J Clin Invest 1975; 56: 127-31.

4 Van Dorp DA. Recent developments in the biosynthesis and the
analysis of prostaglandins. Ann NYAcad Sci 1971; 180: 181-4.

5 Ziboh NA, Vanderhoek JY, Land WEM. Inhibition of sheep
vesicular gland oxygenase by unsaturated fatty acids from skin of
essential fatty acid deficient rats. Prostaglandins 1974; 5: 233-9.

6 Ferreira SH, Moncada S, Vane JR. Prostaglandins and signs and
symptoms of inflammation. In: Robinson HJ, Vane JR, eds.
Prostaglandins synthetase inhibitors. New York: Raven Press,
1974:175.

7 Eakins KE. Prostaglandins and prostaglandin synthetase inhib-
itors; action in ocular disease. In: Robinson HJ, Vane JR, eds.
Prostaglandin synthetase inhibtors. New York: Raven Press,
1974: 343.

8 Eakins KE, Whitelocke RAF, Bcnnct A, Martenct AC. Prosta-
glandin-like activity in ocular inflammation. Br Med J 1972; iii:
452-3.

9 Beitch BP, Eakins KE. The effects of prostaglandins on intra-
ocular pressure of the rabbits. BrJ Pharmacol 1969; 37: 158-67.

10 Kass MA, Podos SM, Moses RA, Becker B. Prostaglandin E and
aqueous dynamics. Invest Ophthalmol Vis Sci 1972; 11: 1022-7.

11 Podos SM, Becker B, Kass MA. Prostaglandin synthesis inhibi-
tion and intraocular pressure. Invest Ophthalmol Vis Sci 1973;
12: 426-37.

12 Kelly RGM, Starr MS. Effects of prostaglandins and PG
antagonist on IOP and protein in the monkey eye. Can J
Ophthalmol 1971; 6: 205-11.

13 Camarus CB, Bito LZ. Reduction of intraocular pressure in
normal and hypertensive primates (Aotus trivirgatus) eyes by
topically applied PGE2a. Curr Eye Res 1981; 1: 205-10.

14 Camaras CB, Bito LZ, Eakins KE. Reduction of intraocular
pressure by prostaglandins applied topically to the eyes of
conscious rabbits. Invest Ophthalmol Vis Sci 1977; 16: 1125-34.

15 Stern FA, Bito LZ. Comparison of the hypotensive and other
ocular effects of prostaglandin E2 and E2X on cat and rhesus
monkey eyes. Invest Ophthalmol Vis Sci 1983; 122: 588-98.

16 Bito LZ, Blanco DJ, Camaras CB. Long term maintenance of
reduced intraocular pressure by daily or twice daily topical
application of prostaglandins to cat or rhesus monkey eyes.
Invest Ophthalmol Vis Sci 1983; 24: 312-9.

17 Moses RA, Becker B. Clinical tomography: the scleral rigidity
correction. AmJ Ophthalmol 1958; 45: 196-201.

18 Levine L. Levels of 13,14 dehydro-15 keto PGE2 in some
biological fluids measured by radioimmunoassay. Prostaglandins
1975; 14: 1125-257.

19 Neufeld AH, Page EO. Regulation of adrenergic neuromuscular
transmission in the rabbit iris. Exp Eye Res 1975; 20: 549-56.

20 Hedquist P. Basic mechanisms of prostaglandins action on
autonomic neurotransmission. Annu Rev Pharmacol Toxicol
1977; 17:259-72.

21 Waitzman MB, Woods WD, Cheek WV. Effects of prosta-
glandins and novepinephrine on ocular pressure and pupil size in
rabbits following bilateral cervial ganglionectomy. Invest
Ophthalmol Vis Sci 1979; 18: 52-64.

22 Bhattacherjee P, Hammond BR. Effects of indomethacin on the
ocular hypotensive action on adrenaline in the rabbit. Exp Eye
Res 1977; 24: 307-13.

23 Camras CB, Coscob CT, Christensen RE, Feldman SG, Doreen
TF, Gardner SK. Effect of systemic indomethacin treatment on
the topical epinephrine-induced reduction of IOP in glaucoma
patients. Ophthalmology (Rochester) 1983; 90 (suppl): 105.

24 Engstrom P, Durham EW. Alpha adrenergic stimulation of
prostaglandin release from rabbit iris-ciliary body in vitro. Invest
Ophthalmol Vis Sci 1982; 22: 757-67.

25 Yousufazi SYK, Abdel-Latif AA. Effects of novepinephrine and
other pharmacological agents on prostaglandin E2 release by
rabbit and bovine irides. Exp Eye Res 1983; 37: 279-92.

26 Freund H, Floman N, Schwartz B, Fisher JE. Essential fatty acid
deficiency in total parenteral nutrition. Ann Surg 1979; 190:
139-45.

Acceptedfor publication 26 June 1986.

256

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.71.4.254 on 1 A

pril 1987. D
ow

nloaded from
 

http://bjo.bmj.com/

