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Abstract: The lipid content in the eye lens was analyzed and compared among various species in this study. The
eye lens lipids of the following species were investigated: cow, horse, duck, and freshwater trout. Additionally,
the lipids derived from cataractous bovine lens and from cataractous human eye lens lipoprotein complexes
were analyzed. The following lipid classes were detected in clear lenses: cholesterol, sphingomyelin, phosphatidylcholine, phosphatidyletanolamine, and phosphatidylserine. In cataractous bovine lens and in lipoprotein complexes from human nuclear cataract, phosphatidyloinositol and phosphatidyloglycerol were detected. Cholesterol and sphingomyelin, essential for hypothetical formation of cholesterol-rich domains, were the most abundant lipids in the lenses of all investigated species. These two components of eye lens lipid fraction were analyzed quantitatively using thin layer chromatography and spectrophotometric assay; the other lipids were identified qualitatively using thin layer chromatography. (Folia Histochemica et Cytobiologica 2011; Vol. 49, No. 3,
pp. 425–430)
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Introduction
The eye lens is a unique part of both the human and
the animal body, different in many aspects from any
other soft tissue. The main feature of the normal lens,
crucial for sight, is its transparency.
It seems that natural selection guided eye lens features towards a structure and components capable of
preserving transparency of the lens for many years,
giving awareness of the possible presence of reactive
species and exposure to visible and UV radiation [1].
One of the lens components are lipid membranes
present in densely packed fiber cells. Studying the lipids in these membranes might provide information
that would explain some properties of eye lens membranes of various species. For example, the correlation between saturation of the eye lens lipids and longevity of animals has been noted by investigators [2].
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One of the most striking features of lens lipids is their
high cholesterol content [3]. In most cases, the high
cholesterol in eye lens membranes correlates with high
sphingomyelin content [4]. Unlike in any other part
of the human body, the eye lens lipids in membranes
gradually change their content proportions with age,
increasing sphingomyelin content, and decreasing phosphatidylcholine and plasmalogens content [5]. When the
homeostasis of the lens is impaired, a loss of transparency occurs. Such a pathology is called a cataract [6].
Most investigations concerning the causes of cataracts
focus on the changes in lens proteins [7] but there are
some data indicating that not only proteins, but also lipids, may play an important role in cataract development
[8]. The impairment of cholesterol synthesis and decrease of its content in the eye lens of rats, dogs and
humans is connected with cataract onset [9]. This hypothesis is supported by the observations of side effects
of drugs inhibiting cholesterol synthesis [8].
The aim of the present study was a closer look at
the cholesterol and sphingomyelin content in the eye
lens of different species, in order to find out lipid content patterns specific to animals from different environments, and also to determine the changes in lipid
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contents following the development of the cataract.
Revealing the changes occurring in lens lipids following the development of a cataract might help in finding possible means of cataract prevention, by modification of lipid metabolism.

Material and methods
Chemical reagents. Chemical reagents and organic solvents
were of analytical grade and were obtained from the following sources:
Salts for buffer preparation, acetic acid, sulfuric acid —
POCh, Gliwice, Poland
Phosphomolybdic acid spray reagent — SIGMA (catalog number P-4869), cholesterol — SIGMA (catalog number C-8253), DPPC = D1-a-phosphaditylcholine dipalmoityl — SIGMA (catalog number P-5911), EYPC = L-A-phosphaditylcholine from egg yolk type XI-E — SIGMA
(catalog number P-2772), SM = sphingomyelin from chicken egg yolk — Fluka (catalog number 85615), OPA — phtalodialdehyde — Fluka (catalog number 79760), reagent
for cholesterol determination — Alpha Diagnostics, Poland;
plates for thin layer chromatography Silica Gel 60 — Merck (catalog number HX 894971)
Biological material. The experiments were performed with
eye lenses obtained from various species. The bovine and
equine eyes were collected from slaughterhouses in either
Tarnow or Slomniki (Poland). The eyes from ducks were
obtained from farms in the vicinity of Michalow, Poland.
The eyes from the freshwater trout were obtained directly
from a fish-farm.
Immediately after the animal’s death, the eyes were collected and placed into a styrofoam box filled with ice. The
eyes were then transported to the laboratory and dissected.
The lenses were separated from other parts of eye, flushed
up with phosphate buffered saline, frozen and stored at
–80°C until experiments.
The human lipoprotein complexes from cataractous
lenses were obtained from the Ophthalmic Clinic in Krakow as post-operative material from operations performed
by the cataract nucleus expulsion procedure. The lipoprotein complexes were used as the source of lipids derived by
the procedure of lipid extraction [10].
Lipid extraction. Lipid extraction was based on the Folch
procedure [10]. In brief, the tissue was homogenized (glass–
–glass homogenizer) with organic solvent mixture (chloroform–methanol 2:1), keeping the solvent:tissue ratio 20:1
(vol/vol) and washed by centrifugation. Washing was repeated a few times with new portions of solvent mixture. The
chloroform fractions, enriched with lipids, were collected,
pooled and dried in a rotary evaporator. The dry lipids were
weighed, dissolved in chloroform and stored in small amber-glass laboratory bottles at –20°C.
©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2011
10.5603/FHC.2011.0060

TP
anz et al.
Panz

Thin layer chromatography (TLC). The lipids derived
from eye lens membranes were separated by TLC on the
same plates as lipid standards. The lipid standards were
placed in separate starting points on the plate with a microsyringe, as chloroform solutions. The dry mass of lipid standard added for one point was within the range of 5 to 30 μg.
The lens lipid samples were placed in lines, up to 1 cm long,
and the dry mass of lipids for one line was 50 μg. Two different solvents mixtures were used:
1. Chloroform:methanol:acetic acid:water (81:10:45:4, vol/
/vol/vol/vol) — used to separate the phospholipids from
cholesterol and free fatty acids.
2. Chloroform:methanol:7 M NH3* H2O (45:35:10, vol/
/vol/vol) — used to separate the different classes of phospholipids.
The run was performed until the front of the solvent
reached the top of the plate. Then the plate was removed
from the TLC chamber and dried by leaving it under the air
flow cabinet for about an hour.
Development of lipids on the plate was performed in
one of two ways:
1. The dried plate was soaked in the following solvent: 50
mg of FeCl3 * 6 H2O dissolved in 90 ml of water, with
5 ml of acetic acid and 5 ml of 96% sulfuric acid and then
dried in the laboratory dryer in 100°C for 2–3 minutes.
2. The dried plate was soaked in 10% w/v solution of phosphomolybdenic acid in ethanol (SIGMA, catalog number P-4869), then placed into a laboratory dryer and
left there at 100°C for 10 minutes. After a few hours,
the yellowish color from phosphomolybdenic acid was
bleached, and dark purple or blue spots of cholesterol
and phospholipids appeared on the plate.
Quantitative analysis of cholesterol. 1. Spectrophotometric method of cholesterol determination based on OPA
(o-phtaldialdehyde) [11]. Preparation of OPA reagent: 5 mg
of OPA was dissolved in 10 ml of glacial acetic acid and
vortexed for 10 minutes. Sample preparation: 1 μl of stock
lipid solution extracted from the eye lens of a given species
was added to Eppendorf tube (stock: 10 mg of lipids in 1 ml
of chloroform). The solvent was evaporated under the nitrogen flow. 1 ml of OPA solution and 0.5 ml of concentrated sulfuric acid was added to the tube. Then the tube was
vortexed and left for 15 minutes at room temperature. The
absorbance of each sample was measured at 552 nm against
the blank. The results were compared to a standard curve,
prepared with known amounts of cholesterol.
2. Enzymatic method of cholesterol determination. For
this test, the ready-to-use fluid reagent (Alpha-Diagnostic,
Poland) suitable for automated tests for cholesterol determination in blood plasma was used [12, 13]. Routinely the
reagent is suitable for cholesterol determination in blood.
For our purposes, to make in vitro measurements of eye
lens lipids possible and reliable, the lipids had to be prepared as multilamellar liposomes. The end product of enwww.fhc.viamedica.pl
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zyme reactions involving cholesterol is red chinoine, measured at 500 nm. The red-pink product of the reaction is
stable for about 30 minutes.
Multilamellar liposome preparation: at first, the lipids
had to be prepared in the form of dry film on the walls of
the glass test tubes. To achieve this, the organic solvent was
removed with nitrogen flow, followed by drying the samples under vacuum for at least one hour. The 0.5 ml of phosphate buffered saline was added to each test tube with lipid
film and vortexed for 30 min in elevated temperature (up to
50°C). Additionally, five cycles of freezing in liquid nitrogen and thawing in warm water-bath of the liposome suspension were performed, to ensure complete removal of
lipids from the test tube walls.
Sample preparation: 5 μl of liposome suspension was
added to the dry test tube and 500 μl of cholesterol reagent
was added, the content was shaken vigorously and incubated for 5 min at 37°C. Then the sample was measured spectrophotometrically at 500 nm against the blank.
Quantitative determination of sphingomyelin in lens lipids. 1. Indirect determination of sphingomyelin by total
phosphorus measurements (based on the Fiske–Subbarow
method) [14]. In the sphingomyelin (SM) molecule there is
one atom of phosphorus. If the sample contains only SM as
the source of phosphorus, the content of SM molecules
might be calculated from the contents of phosphorus.
Sample preparation: the lipids derived from various
species were separated on the plates using the TLC method. The sphingomyelin spots were scraped off the surface
of the plate (together with silica gel) using a stainless steel
spatula. The silica gel with sphingomyelin was placed into
glass test tubes, and 0.5 ml of 5 M H2SO4 was added to
each tube. All samples were placed into a hot oven (180°C)
for 1.5 hours. If the samples were black after that treatment, they were taken out of the oven, cooled down and
the additional 200 μl of concentrated HNO3 was added.
The burning was then continued for an additional 30 minutes, until the color changed to yellowish. After cooling,
2 ml of water was added to each sample and all samples were
placed into a boiling water-bath for 10 minutes to convert
pyrophosphate to orthophosphate. After cooling the samples, they were centrifuged for 5 min at 540 g. From each
sample, 1.5 ml of supernatant was taken, without disturbing the bottom silica gel pellet. The 1.5 ml portion of supernatant was transferred into calibrated 10 ml glass test
tubes and to each of them 4.5 ml of water, 0.8 ml of ammonium molybdate and 0.4 ml of eikonogen reagent were
added. All tubes with samples were filled with water up to
10 ml. They were mixed and placed for 10 minutes into
37°C water bath. Then all samples were measured at 658
nm against the blank.
2. Densitometric determination of sphingomyelin content in lens lipid samples. Known quantities of sphingomy-
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elin in stock solution ranging from 5 μg up to 50 μg (4–5
points) were placed at the starting line of TLC plate. Actual sample — lipids from eye lens, about 70 μg, was placed
next to calibration curve spots. The thin layer chromatography run was performed, and the lipid spots were developed.
Then the scan of the whole TLC plate with white light was
performed using a FLUOR-S densitometer (Bio-Rad). The
intensity of each spot of sphingomyelin was measured using
Quantity One software. The quantity of sphingomyelin was
calculated from the slope of the calibration curve and recorded intensity of the spot coming from the samples of
lens lipids.

Results
The thin layer chromatography Rf coefficients measured for lipids extracted from the lenses of various
species are presented in Table 1.
The Rf coefficients recorded for eye lens lipids
from different species in most cases fall into a range
of values, indicating that particular lipids in TLC run
do not appear like small points, but rather large spots.
The Rf coefficients for the same lipid species (columns in Table 1) are virtually the same, which confirms the reproducibility of the TLC method applied
for lipids derived from different sources. We saw the
absence of two lipids in cataractous bovine lens and
in material derived from human cataractous lens,
namely phosphatidylethanolamine and phosphatidylserine in opposition to the lipid content pattern
detected for other, non-cataractous material. Two lipid species, namely phosphatidyloinositol and phosphatidyloglycerol, were not detected in material from
transparent lenses and were present in samples derived from the cataractous material.
The cholesterol determination in eye lens lipids
from various species is shown in Tables 2 and 3.
The content of cholesterol derived from lenses
derived by each method for separate experiments indicates the variation of this parameter. The highest
variation was detected for samples derived from the
cataractous material.
The averaged results of cholesterol assays are
shown on Figure 1.
The cholesterol content measured with two methods shows general agreement of results, although the
values obtained by enzymatic assay are always smaller than those obtained by the OPA method. For mammals, the cholesterol content falls within the range of
20–30%; for ducks it is roughly one third of that size
(about 8.5%); and for freshwater trout it is about 4%.
Results of sphingomyelin determination based on
phosphorus content in TLC spots removed from the
plate are presented in Table 4.
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E1 — eluent number one: chloroform:methanol:acetic acid:water (81:10:45:4; vol/vol/vol/vol); E2 — eluent number two: chloroform:methanol:ammonia (45:35:10; vol/vol/vol); Chol — cholesterol;
PE — phosphatidyletanolamine; PS — phosphatidylserine; PC — phosphaditylcholine; SM — sphingomyelin; PG — phosphatidylglycerol; the empty cells in the table above mean lack of detection of given lipid
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1.00
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–
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–
–
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Lipids analyzed Æ

Table 1. Rf coefficients of lipids in the eye lens of various species
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Table 2. Cholesterol content in lens lipids of various
species — based on OPA (o-phtaldialdehyde) reaction,
in percent of total lipid mass. For each measurement,
the lipids were obtained from a separate lens
Sample of lens
lipids from:

Cholesterol content (%)

Cow

23.66

17.97

18.57

22.78

29.55

–

Cow with
cataract

16.73

17.54

29.55

–

–

–

Horse

29.55

22.78

21.99

20.93

21.03

29.96

Human cataract
lipo-protein
complexes

32.98

27.72

31.16

35.57

17.76

14.01

Duck

13.45

5.57

7.43

7.88

–

–

Fish

5.57

4.37

3.58

2.89

–

–

Table 3. Cholesterol content in lens lipids of various
species — based on enzymatic assay, in percent of total
lipid mass. For each measurement, the lipids were obtained
from a separate lens
Sample of lens
lipids from:

Cholesterol content (%)

Cow

20.57

19.28

18.86

20.01

29.55

Cow with
cataract

14.65

18.3

24.12

16.69

–

Horse

27.8

25.97

21.55

16.74

24.97

Human cataract
lipo-protein
complexes

35.22

32.2

14.1

12.39

28.03

Duck

5.78

4.83

7.43

–

–

Table 4. Sphingomyelin content in lens lipids of various
species — based on phosphorus assay, in percent of total
lipid mass. Each measurement was repeated twice on the
same sample; the average is presented
Sphingomyelin fraction
derived from:
Cow

Sphingomyelin
content (% of total
lens lipid mass)
29.27

Cow with cataract

25.85

Horse

38.81

Human cataract lipo-protein complexes

18.61

Fish

17.98

Results of sphingomyelin determination based on
TLC densitometry are presented in Table 5.
The data of sphingomyelin content measurements
presented in Tables 4 and 5 indicates small variation
of the content of sphingomyelin among the samples
www.fhc.viamedica.pl
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Table 5. Sphingomyelin content in lens lipids of various species — based on TLC densitometry, in percent of total lipid
mass. For each measurement, the lipids were obtained from a separate lens
Sphingomyelin
from eye lens of:

Exp. 1

Exp. 2

Exp. 3

Exp. 4

Average

Standard
deviation

Cow

28.18

24.00

21.78

20.55

23.63

3.35

Cow with cataract

22.29

21.01

20.56

19.71

20.89

1.08

Horse

38.09

35.12

40.45

37.83

37.87

2.18

Human cataract lipo-protein complexes

14.88

15.34

15.69

14.23

15.03

0.63

Figure 1. Cholesterol content in lens lipids of various
species measured by two methods: OPA — spectrophotometric with phtalodialdehyde and ENZ — enzymatic with
commercially available solution for cholesterol measurements in blood

derived in separate experiments within a given species. The highest sphingomyelin content was recorded for horse.
The averaged results of sphingomyelin assays are
shown on Figure 2.
Two methods of sphingomyelin determination had
shown similar results. The results of measurements performed with phosphorus test are higher than the results
obtained by densitometry of sphingomyelin spots.

Discussion
The extraction procedure we used allowed the extraction of eye lens lipids and it turned out that for non-cataractous lenses of all investigated species, the detected phospholipids were the same, although in various proportions. The following lipids were detected:
cholesterol, phosphatidylethanolamine, phosphatidylserine, phosphatidylcholine and sphingomyelin.
The data presented in Table 1 for bovine lens lipids
shows the qualitative change in phospholipid composition following cataract formation. The phosphatidylethanolamine and phosphatidylserine, present in
all lens lipids derived from non-cataractous speci©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2011
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Figure 2. Sphingomyelin content in lens lipids of various
species measured by two methods: by phosphorus content
and by densitometry of SM spots in thin layer chromatography
TLC — thin layer chromatography; Chol — cholesterol;
PE — phosphatidyletanolamine; PS — phosphatidylserine;
PC — phosphaditylcholine; SM — sphingomyelin; PG — phosphatidylglycerol; OPA — phtalodialdehyde; eikonogen — eikonogen
reagent (25 mg of sodium metabisulfite, 25 mg of 1 amino 2 napthol
4 sulfonic acid and 1.49 g of sodium sulfite dissolved in 10 ml of hot
water, stored after filtration); Rf — partition coefficient of substance
detected by thin layer chromatography

mens, were not detected in cataract samples from either bovine or human specimens. On the other hand,
samples derived from both bovine cataract and human cataract samples contained phosphatidylinositol and phosphatidylglycerol. These phospholipids
were not present in lens lipids derived from clear, non-cataractous lenses. This observation indicates that during cataractogenesis some phospholipids undergo changes. It is well-known that phospholipids content change
with age and cataract [15, 16]. Some investigators have
speculated that the changes in phospholipids content in
lens lipids reflect the diminishing pool of glycerol-based
lipids (phosphatidylcholines), which are usually unsaturated to a greater extent towards saturated sphingomyelins, especially dihydrosphingomyelin [15].
The methodology used in our work did not allow
us to discern the degree of saturation of the lipids
extracted, but it seems that the phospholipids bearing amino groups were replaced by other phosphowww.fhc.viamedica.pl
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lipids, lacking easily dissociable protons. Such changes
of phospholipids composition, if they occur in vivo,
might affect the properties of lens fiber membranes
crucial for lens homeostasis [16]. Moreover, the recent investigations of the Skulachev group indicate
that charged molecules might play a crucial role in
regulating the process of aging, including changes in
the retina and eye lens [17, 18].
When the cholesterol content is analyzed, the
smallest relative quantities were in the eye lens of
a duck (about one third of the average relative cholesterol content of bovine and horse eye lens) and in
the eye lens of fish (about one sixth of the relative
cholesterol content in the eye lens content of lipids
derived from the eye lens of mammals). Cholesterol
might affect the interaction of lens membranes with
alpha-crystallin, regarded as the key protein engaged
in the protection of the vital lens fiber proteins [19].
The data for sphingomyelin relative content is incomplete, when compared to samples used for cholesterol determination, but even from that fragmentary data it can be seen that the relative sphingomyelin content is smallest in the fish eye lens. If sphingomyelin is regarded as the lipid protecting the
peroxidation process in membranes [4, 20], this might
reflect the relatively lesser danger of oxidative stress
for aquatic vertebrates.
For mammals, the ratio of sphingomyelin:cholesterol
molecules falls into the range 0.7–1.5, and for the lipids
of the eye lens of trout this ratio equals 0.23, mainly due
to much lower relative cholesterol content. Further investigations are necessary to determine whether such
a low cholesterol: sphingomyelin ratio in eye lens lipids
occurs in other aquatic species.
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