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Recently, the importance of serum cholesterol levels has resulted in numer- 
ous investigations of clinical methodologies. Gas-liquid chromatography has 
proved very successful in analyzing sterols in serum and blood samples [l-6]. 
However, very little has been discussed in temxs of cholesterol in tears. It was 
only recently that the presence of cholesterol could be demonstrated in tear 
samples [7-!9] _ In the work reported,. standard enzymatic and/or calorimetric 
determinations were employed_ However, with the well-documented success . 
seen with the analysis of serum cholesterol, a gzs--liquid chromatogmphic 
method with suitable sampling and processing techniques would be more spe- 
cific and sensitive for the determination of total t&r cholesterol levels. We 
report here the development of an analytical method which employs small 
tear volumes and allows for the detection of low cholesterol levels applicable 
to human as well as rabbit tear andyses- 

Chemical& 
-Carbon tetrachloride (Spectrograde) was fractionally distilled and dried over 

molecular sieves_ The petroleum ether was the 30-60” boiling point fraction. 
Alcoholic potassium hycfroxide was prepared by diluting to vol. (50 ml) a 3-ml 
aliquot of 33%. aqueous potassium hydroxide with isopropyl alcohol. Choles- 
t&r01 (Mat&es&i,. Coleman & -Hell, East Rutherford, NJ., U_S.A_) and 5&- 
cholestano (Aldrich, Milwaukee, Wizc., U.&A_) were used without further 
purification. N,G-Bis-(t&nethylsilyl)-acetamide (RSA; ,Pierce, Rockford, Ill., 
U.&A_) and hexasnethyldizilazaue (IIMDS; Pierce) were used as silylatiug 
agents- 

*To whom correspondence t&&Id be addressed. 
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_hstrumentution 
The cbromatograms were obtained with .a Perkin-Elmer-3920 temperature- 

programmable gas cbromatograph with a hydrogen flame-ionization--detect+. 
A 6 ft.- X 2 mm I.D. glass colUmn was packed ‘with 3%OV-17 (Pigtie) on 
Chromosorb W HP (SO-100 mesh). The column was initially conditioned at 
325” overnight with the carrier gas on. The column temperature was pro- 
grammed linearly with the initial temperature at 265” and a rate of l”/min. 
The temperature of both the injector and detector ports was 300”. Helium was 
used as the carrier gas at a flow-rate of 42 ml/min_ The column was silylated 
with 1~1 ‘ZMDS and baked from 265-300” at a rate of 32”/min between in- 
jections. When not in use, the cohrmn was maintained at 200”. 

Tear sample prepamtion 
With the use of microcapillaries, tear samples were collected fi&th& infe- 

hor lacrimal punctum and lower cul-de-sac of female rabbits ‘(New Zealand 
White) as well as human subjects of either sex. A sample of L ~1 of human tear 
or 2 ~1 of rabbit tear is added to 1.0 ml of the alcoholic potassium hydroxide. 
After vortex mixing, the saponification ti allowed to proceed for I h at 60”. 
The mixture is then allowed to cool and 1.0 ml of water is added.- After mixing, 
1.0 ml of petroleum ether is added, vortex mixed and centrifuged for 10 min. 
A O-g-ml volume of the petroleum ether. layer is withdrawn and & second 
l.O-ml portion of petroleum ether-is added, mixed and centrifuged for 10 min. 
A second 0.9~ml alipot is withdrawn and the two petroleum .s&uots com- 
bined. The petroleum ether is evaporated .off and the silylated derivative of 
cholesterol is prepared by adding 25 ~1 of BSA,. followed by mixing and‘iucu- 
bating at 50” for -10 min. At the end of the incubation period, -the excess 
silylating agent i evaporated off (hot water bath under a stream of nitrogen), 
the residue cooled and reconstituted with a IO+1 aliquot of a 2%ppm fiacho- 
le&ane solution in carbon tetrachloride, 

RESULTS AND DiSCUSSION 

Because of the low concentration of cholesterol in tear samples and the 
smaller tear volume’used as compared to plasma samples; the method necessi- 
tates the use of a glass column as well as preparing a silylated derivative of 
cholesterol. A stainless-steel column resulted in excessive binding (approximate- 
ly 50 ppm) as compared to the glass cohnnn where binding is &served experi- 
mentally at less than 2 ppm for the silylated derivative of cholesterol. Silyla- 
tion resulted in easily-detectable, symmetrical peaks with nq t+ling. The 
retention time of the silylated derivative of cholesterol ti observed to be 5.3 
min. The silylated cholesterol peak in tears was confirmed by. the retention 
time of siIyIated cholesterol, varying the column ‘temperature and coh& 
length; as .well a% qu&titating -the cholesterol levels _in p@sma samples. The 
internal standard, 5a-izhole&ane, whose similar structure to.chok$ter&l,resulted 
in its Use, gave a single- p&k with a retention time of 3.0 mini Typical chroma- 
tograms from l-p1 injectiOns of prepared human arid rabbit w- Gmples -are 
shown in Figs, 1 and 2, respectively. 

The cholesterol concentration of the prepared tear s&pie was determi&d 
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I 2 3 -A 5 6 min 

Fig. l.Gss chromatogram of 14 injection of prepared human tear sample. A = 28 ppm of 
k?Q_chOkzSk3mS; B = &&ted cholestzxd, cakUk&d ti be 219 ppm 

by compariag the silylated choIesterol-5cccholestane peak-area ratio with a 
prepared standard calibration cme. A linear relationship was observed when 
the ratio of the silylated cholesterol to the fiacholestane peak area was plotted 
against the cholesterol conc+ration for the standards prepared. Results of a 
linear-regression analysis yieIded a slope of 0.0339 with a y inte=ept of O-047.9 
and a coefficient of-linearity (r) of 0.983. The tear cholesterol concentration 
was determined by applying the appropriate dilution factor as based on the ex- 
traction and dilution procedure. The results for cholesterol levels in human and 
rabbit tears are ~arized-in Table I. 

The range of tear cholesterol level in eight hum& subjects was foUnd to be 
65-225 ppm. This is within the range of SO-370 ppm reported by Van Hae- 
ringen and Glasius [S] -using a calorimetric _determination of cholesterol. Our 
results also showed-a-wide range and -ability from -subject to subject as was 
evidenced by. Van Beringen. The range found for the rabbit population was 
lower, being 19.3-124 ppm, .with a mean of 60.3 ppm: This is the first report 
on rabbit tear cholesterol. levels presumably due to the lack of a sensitive method 
for .eholesterol determination. in mic rosamples. WitIzin one standard de-Z&ion 
of the,mean, .all but two rabbit sampleS fell within a ra+ge Of 35.6-76.7 ppm_ 
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Fig. 2. Gas chromatogeam of 14 injection of prep&red rabbit tear sampie. A = 28 ppm of 
h~olestame; B = silyhted choksterol, calculated to be 60.3 ppm. .. - 

Tear cholesterol could be related to plasma IevelS, aixd thus tbis could be-due to 
the moreuniform cholesterol intake from the given -batch of rabbit food;as 
compared with the expected.wider knge of hum+-food-constimpticjn. 

From. the data in Table I, an estimate of. the precision. for ‘the method Can 
b& determined by -the dzsily VakMitin ohserved, For the *bit tear vzdueqti 
average. variation of k.7.095 was observed, -while human tear samlifes gave. an 
avezage variation of +-1_2% The &ma&r variation ohserved for human: sampks 
is due -to .the -niuch higher cholesterol l&erS for human samples’tioti@.redGith 
rabbit samples. Minor pew in some rabbit samples also: impaired : comj#%e 
baseline resolution- of- the internal-standard resulting -in-the-larger variatioti Ob_ 
served. : ..~ :: 
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46.4 + 5.8 
124.0 c 7.0 
35.6 f 4.6 
76.7 f 6.9 

*Oniy one sample avsilable. 

water-soluble fatty acids thereby increasing the efficiency of the petroleum 
ether extraction. The total recovery of cholesterol in this study was found to 
be 99.5%. 

A measure of the sensitiviky was determined by a serial dilution of a silylated 
cholesterol standard. Setting the chromatograph at the most sensitiire detection 
level, a LO-ppm siIylated cholesterol standard, diluted 16,000 times, was pre- 
.pared and injected into the column. The results observed were an easily&k& 
able cholesterol peak with the smallest solvent response achievable experimen- 
tally. The sensitivi~ is calculated to be IO-4 pbrn or 0.1 ng/ml cholesterol. 

CONCLUtiOg 

Thus presented is a technique for fNzWear cho&skrol deteeation Ghose 
order of sp&ficiky far outweighs that ehievable for a colorimekric determina- 
tion. More importantly, the gasliquid~cbromatograp~c technique proved to 
be -fast as well- as ~nsitive and applicable- + human and rabbit tear sample 

.siies as sn&&+s 1 pl. Theuseof k&mm& tear volumes decreases the time and 
phyZcdstin@ation of .&he eye during tear c~lkction. 

- In additiop _tO being. a m&e-specific -method for-clinical studies, &is method 
&es-possible the skudy of .&eat cholesterol in‘pop@ar laboratory mddels such 
&sthe’&bbiL~ : _ : 
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