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ABSTRACT 

Three groups o f  diesters have been isolated and identified in the  lipids o f  steer meibomian  glands. 
The first group, designated as aType  I, with the abbreviated formula  FA-aOHFA-FAle,  consisted of  
~-hydroxy fa t ty  acids esterified to fa t ty  acids and fa t ty  alcohols in the  approximate  molar ratio 1 : 1 : 1. 
The second group, designated as ~ T y p e  I-St, with the abbreviated formula  FA-toOHFA-St,  consisted 
of  ~o-hydroxy fat ty  acids esterified to fat ty  acids and sterols in the approximate  molar  ratio 1:1:1. 
The third group, designated as a, toType II, with the  abbreviated formula  FA-a, todiol-FA, consisted o f  
a, to-diols esterified to 2 moles of  fat ty  acids. The sum of  the different diesters compr i sed  about  9% 
of  total steer meibomian  lipids. 

Capillary GLC of  the fa t ty  acids of  aType  I diesters showed the fa t ty  acids to be a family with a 
two-cluster profile, one at C1: to C~0 and the other  at C21 to C31, with anteiso chains predominat-  
ing. Fa t ty  acids f rom toType I-St and a , toType II diesters gave mainly a one-cluster profile in the  short  
chain region with prominent  anteiso and C18:1 peaks. Fa t ty  alcohols o f  aType  I diesters were mainly 
long chain, C23 to C~o , with anteiso chains predominat ing,  while the  c~-hydroxy fa t ty  acids were short 
chain C13 to C~8 acids with C16 predominating.  The sterols in diesters wType l-St were cholesterol 
(~60%), A7 eholestenol (~35%) and an unidentif ied compound  (~5%) with a GLC retention time 
slightly longer than  A7 cholestenol on SE-30 phase. The ta-hydroxy fa t ty  acids and a,~o-diols both  
were o f  exceedingly long chain lengths, C~9-Ca8, and showed similar GLC profiles. Two types of tri- 
esters comprising approximately 1% of  total steer meibomian lipids have been isolated but  incom- 
pletely characterized. In terms of  molar ratios, one group of  triesters gave fa t ty  ac ids :w-hydroxy fat ty  
acids:~-hydroxy fat ty  acids:sterols + fat ty  alcohols as approximately  1:1:1:1.  The  other  contained 
fat ty  acids, a -hydroxy  fat ty  acids and a,to-diols in what  appears to be a complex mixture  of  several 
triesters. Diesters wType I and ~, toType II also were found in h u m a n  meibum. Hitherto these two 
diesters have not  been found in any animal tissue. 
Lipids 20:454-467,  1985. 

I N T R O D U C T I O N  

W i t h i n  t h e  e y e l i d  o f  a n i m a l s  t h e r e  is a r o w  o f  
a l a rge  s e b a c e o u s  t y p e  o f  g l a n d ,  t h e  m e i b o m i a n  
g l and ,  w h i c h  e x c r e t e s  an  o i ly ,  w a x y  s u b s t a n c e  

o n t o  t h e  edge  o f  t h e  eye l id .  S o m e  o f  t h i s  
e x c r e t a  t h e n  s p r e a d s  o u t  o n  t h e  w e t  s u r f a c e  o f  
t h e  c o r n e a ,  f o r m i n g  t h e  l ip id  l a y e r  o f  w h a t  is 
k n o w n  as  t h e  p r e o c u l a r  t ea r  f i lm.  

*To whom correspondence should be addressed. 
Abbreviations: FA = fat ty acid; FAIc = fat ty alco- 

hol; St = sterol; Chol = cholesterol; FAME = fat ty acid 
methyl  ester(s); SE = sterol ester(s); WE = wax ester(s); 
TG = triacyl glycerol(s); C = chloroform;  M = metha- 
nol; HAc = acetic acid; TLC = thin layer chromatog- 
raphy;  ANS = aniline naphthalene sulfonic acid; 
GLC = gas liquid chromatography.  

In the literature, diesters of  c~-hydroxy fat ty  acids 
have been designated as Type I diesters and diesters o f  
1,2-diols as Type II diesters. In this paper we wish to 
generalize the term "Type  I" diesters to include 
diesters of  all hydroxy  fat ty  acids no matter  what 
position the hydroxyl  group occupies. We also wish to 
extend the term Type II diesters to inclode diesters of  
any long chain diol regardless of  the location of  the  
two OH groups. When we want to be more  specific 
as to the  location of  the OH groups for both types of  
diesters, we will use a prefix of  a Greek letter(s) or 
Arabic numeral(s).  To Specify the alcoholic moiety of  
a di or triester, we will use the suffix FAIc to indicate 
fat ty  alcohols or St to indicate sterols. 

Triesters will be similarly defined. Triesters Type I 

will be those containing only hydroxy  fat ty  acids and 
Type II will he those containing a long chain diol plus 
a hydroxy  fat ty acid. We also wish to abbreviate struc- 
tural formulas using a hyphen  or line to signify an 
ester linkage. The following examples illustrate the 
usage: 

diesters Type I aType  I = FA-a OHFA-FAIc 
~ T y p e  I-ST = FA-toOHFA-St 

diesters Type II I I 
a,/3Type II = FA-a,fldiol-FA' or FA-a,13diol FA' 

I I 
2,3Type II = FA-2,3dioI-FA' or FA-2,3diol FA' 

r - - 1  
a, toType II = FA-c~,todiol-FA' or FA-a,todiol FA' 

triesters Type I FA-aOHFA-wOHFA-St  
FA-toOH FA-aOHFA- FAlc 

triesters Type II FA-aOH FA-a,wdiol- FA' 
FA-coOHFA- 1,2diol- FA' 
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Although the meibomian gland is a seba- 
ceous type of gland, its excreta, meibum, 
differs markedly in chemical composition from 
sebum, the excreta of the ordinary sebaceous 
gland. Meibomian lipids have a variety of 
special functions: They conserve tears by de- 
creasing water evaporation from the tear film; 
they prevent eyelid skin from becoming overly 
wet and swelling, and they seal the lids during 
sleep, thus preventing the corneal surface from 
a damaging drying out. 

In earlier work we have identified about 75% 
of the meibomian lipids of steer and human 
which were found to be remarkably similar (1). 
These lipids consist mainly of sterol esters 
(~30%), wax esters ('~35%) and minor amounts 
of hydrocarbons, triacylglycerols, unesterified 
fatty acids and free cholesterol totalling about 
10%. Approximately half of the remaining un- 
identified 25% are components migrating on 
silicic acid TLC into what we are calling the 
"diester region." This region lies between the 
nonpolar monoester region (i.e. where sterol 
esters and wax esters migrate) and the triester 
region (i.e. where triacylglycerols migrate). 
Borders of all these regions are not exact, and 
overlapping of regions due to differences in 
chain length, unsaturation and branching of the 
fatty chains can occur. 

The saponified products of the total mei- 
bomian lipids from both the steer and the 
human yielded three lipid components, each 
with two esterifiable groups, i.e. OH or COzH. 
These difunctional group lipid components 
were a-hydroxy fatty acids (2), o0-hydroxy 
fatty acids (3) and long chain 0e, w-diols (4). We 
have some preliminary evidence that still a 
fourth difunctional group lipid component is 
present in very small amounts in both the steer 
and human meibomian lipids, namely a,~diols. 
If the hydroxyl group(s) in each of these sub- 
stances esterifies with a fatty acid, and the 
carboxyl group esterifies with a fatty alcohol or 
sterol, we have a diester. If any of these esterifi- 
cations take place with a second difunctional 
group lipid component,  and the remaining 
hydroxyl or carboxyl groups esterify with a 
simple fatty acid, fatty alcohol or sterol, we 
would then have a triester. In like manner the 
possibility exists for the formation of tetra- 
esters, pentaesters, etc. Partial hydrolysis of the 
diesters also could occur, yielding polar mono- 
esters, the polar moiety being either an OH or a 
CO2H group, depending upon whether an acid 
or an alcohol was removed. Similarly, partial 
hydrolysis of triesters could yield two polar 
monoesters or a polar diester plus a fatty acid 
or a fatty alcohol or a sterol. 

Diesters of Types I and II (see Abbrevia- 
tions) have been found in the skin surface 
lipids of many animals (5-10), in vernix caseosa 
(10-12) and in the preen glands of many birds 
(13,14). Triesters also have been found in the 
skin surface lipids of the rhino mouse (15,16) 
and the cow (10) and in beeswax (17). The 
present report describes the identification of 
three groups of diesters in meibomian lipids, 
here designated as c~Type I, wType 1-St and 
a,wType II. To the best of our knowledge, this 
is the first report on the occurrence of the 
latter two diesters in any animal tissue. A com- 
plex group of triesters also has been incom- 
pletely characterized. A preliminary report of 
some of these findings has been made (I 8). 

M A T E R I A L S  A N D  METHODS 

In this study, lipids were obtained from two 
sources from the steer: from whole glands and 
from excreta (meibum). Lipids from both steer 
sources and meibum from humans were ob- 
tained as previously described (1). TLC of the 
lipids of both sources from the steer showed a 
great similarity. Furthermore, TLC of the steer 
lipids also were quite similar to the human 
lipids, although small differences, mainly in 
spot intensity, did exist. To distinguish between 
these two sources of lipids we shall call lipids 
derived from total meibomian glands "mei- 
bomian lipids," and lipids derived from excreta 
"meibum lipids." The latter are obtained by 
expressing the eyelids. 

Dry column chromatography according to 
Loev et al. (19,20) was used to separate 768 mg 
of crude steer meibomian lipids. A nylon 
column 3.1 cm • 50 cm containing 258 g silica 
gel, Woelm (Waters Associates, Inc., Framing- 
ham, Massachusetts) was developed with 
benzene, then sectioned from the bottom up- 
ward into one piece 5c m in length followed by 
15 successive pieces 3 cm in length. Lipid from 
each successive section (designated here as Frac- 
tions Nos. 1 to 16, of our Column 210) was 
obtained by extracting the silica gel with ben- 
zene followed by a series of extractions with 
C/M (9 : 1, v/v) until  negligible amounts of lipid 
were recovered. 

Lipid from Fractions Nos. 1 to 4 weighed 
487, 30.0, 4.6 and 1.1 mg, respectively, and 
TLC on SiO2 of all fractions showed that only 
Nos. 1 to 4 had material migrating in the 
diester region. The bulk of Fraction No. 1, i.e. 
480 mg, was then rechromatographed on 
another column of 52g  SiO2, 100-200 mesh 
(Clarkson Chemical Co., Williamsport, Penn- 
sylvania) with dimensions 2.3 cm • 22cm 
(designated here as our Column 211). Hexane 
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eluted 2.7 mg of hydrocarbons (Fraction 
No. 1), and 20% benzene in hexane eluted 
391.7 mg of sterol esters plus wax esters (Frac- 
tions Nos. 2 to 8 plus the bulk of No. 9). Since 
TLC showed no diesters in these fractions, 
except for a small amount in No. 9, nothing 
further was done with them. Fractions Nos. 10 
through 24, eluted mainly with 40% benzene in 
hexane, contained the di- and triesters of this 
study. Fractions Nos. 25 and 26 (15.3 mg), 
eluted with benzene, and Fraction No. 27 
(10.4 mg), eluted with 10% M in C, apparently 
were decomposition products as judged by the 
long tailing spots in TLC. Figure 1 shows the 
TLC of representative Column 211 Fractions. 

To isolate and identify the di- and triesters, 
we used preparative TLC on Whatman LK5D 
plates (Whatman, Inc., Clifton, New Jersey) 
developed in hexane/benzene (50:50, v/v). 

These plates have a preadsorbent or leader 
portion on which the lipid is spotted. This 
allows the spotted lipid, during early develop- 
ment, to start as a narrow band when it reaches 
the adsorbent at the leader edge, thus enhanc- 
ing resolution. We also used preparative TLC on 
Mg(OH)2 plates, developed in 1.5 to 3% ethyl 
acetate in hexane, to separate esters containing 
sterols from those containing fatty alcohols. 
This separation will be discussed later. Compo- 
nents were made visible by spraying with ANS, 
a nondestructive spray, and viewing under UV. 
They were scraped off the plate and extracted 
with chloroform. Saponifications were carried 
out in test tubes with Teflon-lined screw caps, 
by heating the lipid for 3 hr at 90 C with a 20- 
fold excess of 10% KOH dissolved in ethanol/ 
water (9:1, v/v). After the saponified products 
were acidified with HC1 and extracted with 

s o l v e n t  fro 

d i e s t e  

t r i e s t e  

TG 
c h o l  

Ff 
l e a d e r  e d  

w t , ~ u g ~  5 0  5 0  50  1 0 0  1 0 0  1 0 0  
~o 1 0 0  5 0  5 0  

C o l u m n  2 1 1  17 

F r a c t i o n  Nos .  1 3 + 1 4  § 2 1 + 2 2  2 3  
18  

5 0  5 0  5 0  . _ ~  5 0  
5 0  5 0 1 0 0  1 0 0  ] u u  ~o 

2 4  2 5  2 6  27  

I'IG. l. TLC on SiO 2 of representative Column 2ll  fractions. Plate was developed with hexane/benzene 
35:65, v/v. This plate and all subsequent SiO 2 plates were 250> thick 20 cm • 20 cm Whatman LK5D (if 19- 
channel) or 5 cm • 20 cm Quanta/Gram LQD (if 4-channel)plates. ANS spray was used throughout for visuali- 
zation under UV. 
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chloroform, they were subjected to TLC on a 
Quanta/Gram LQD four channel plate (What- 
man, Inc.) developed linearly in 4 stages: first 
solvent C/M/water/HAc (90:10:0.9:0.3, v/v/v/v) 
to 2cm above the leader edge, then dried 
10 mill on a hot plate at 55 C; second solvent 
C/M (96:4, v/v) to 7 cm above the leader edge, 
then dried 5 mill at 55 C; third solvent C/M/ 
conc NH4OH (97:3:0.3, v/v/v), to 11 cm, then 
dried at 55 C for 5 min;  fourth solvent, benzene 
to the score line at 14 cm above the leader 
edge. All plates were prewashed continuously 
overnight with ethyl acetate by placing the 
plate so that it protruded slightly out of the 
chamber, and placing the chamber cover against 
the plate so that when the solvent reached the 
point of contact of the cover it could evaporate 
into the hood, thus creating a continuous wash 
throughout the night. 

Cholesterol and spots above cholesterol were 
scraped off the plate and extracted 3 times with 
chloroform. All remaining spots were extracted 
with C/M (2:1, v/v). All extracts were filtered 
through a Pyrex #36060 4.5-5.5 fine sintered 
glass filter, and the solvents were blown off 
with prepurified nitrogen. The lipid was then 
gently extracted with hexane, leaving behind in 
the flask any precipitated SIO2. All lipid frac- 
tions then were weighed to 0.1 btg on a Cahn 25 
Automatic Electrobalance (Ventron Corp., 
Cahn Instruments Div., Cerritos, California) 
except the different types of fatty acids, which 
first were converted to the methyl esters (21) 
before weighing. Weights of SiO2 blanks taken 
from plates put through the 4-stage develop- 
ment system described above, then sprayed 
with ANS, rarely exceeded 1 or 2 pg. To calcu- 
late molar ratios, an average molecular weight 
for each lipid class was estimated from their 
GLC patterns. These estimated average molecu- 
lar weights were 382, 386, 475, 277, 510 and 
286 for the FAlcs, sterols, a,w-diols, FAMEs, 
6oOHFAMEs and aOH FAMEs, respectively. A 
5% correction was made to account for the 
increase in weight due to addition of the 
methyl group in the methyl esters of the fatty 
acids or a-hyroxy fatty acids; the corresponding 
methyl group correction made for the higher 
molecular weight w-hydroxy fatty acids was 
2.8%. Fatty alcohols and diols were acetylated 
by Farquhar's method (22). GLC was per- 
formed on a Varian 3700 instrument equipped 
with a flame ionization detector and an on- 
column injector (J & W Scientific Inc., Rancho 
Cordova, California) using a fused silica capil- 
lary column, 25 m x 0.25 mm, with chemically 
bonded SE-30 phase, 0.4p film thickness 
(Chromapon Inc., Whittier, California). Tern- 

perature programming was from 85 C to 325 C 
at 7~ with helium the carrier gas at a flow 
rate of 1.8 ml/min. 

GC-MS was performed as previously de- 
scribed (3). 

RESULTS A N D  DISCUSSION 

Table 1 shows the portion of Column 211 
which contained the diesters and triesters of 
steer meibomian lipids. These appeared in 
Fractions Nos. 9 through 24 (TLC of Fractions 
Nos. 9 through 12 are shown in Figure 2 and 
that of representative later eluting fractions are 
shown in Figure 1). Present were diesters 
a-Type I, 6oType I and a,o~Type II plus a mix- 
ture of triesters Type I and Type II. Before 
describing the isolation and identification of 
individual classes of diesters and triesters, we 
wish to comment on the general chromato- 
graphic behavior of these closely migrating sub- 
stances on silicic acid. Referring to Figure 3, 
note that sterol esters (with one ester linkage) 
generally would have greater Rf values than 
wax esters (also with one ester linkage), and 
these classes are nearly completely separated 
from each other (compare a with b). Next, 
note that diesters of a-hydroxy fatty acids have 
greater Rf values than diesters of w-hydroxy 
fatty acids of comparable chain lengths and 
unsaturation (compare c with e). Presumably, 
adsorptive sites are not as readily available for 
the two closely spaced ester groups of the 
diesters of a-hydroxy acids as they are for the 
widely separated ester groups of diesters of 
w-hydroxy acids. But note again that when one 
of the ester groups of the 6o-hydroxy fatty acid 
is with a sterol rather than a wax alcohol, again 
the diester containing the sterol migrates far- 
ther than one containing a wax alcohol (i.e. 
compare d with e).  Note that e would have 
the same Rf as f ,  if all corresponding chains 
have the same length and degree of unsatura- 
tion, because the only difference in structure 
would be the direction of the ester linkage. The 
triesters (with three ester linkages) would be 
expected to adsorb to SiO2 more strongly than 
the diesters with only two ester linkages, but 
here again one would expect ester linkages with 
sterols to be more weakly adsorbed than those 
with wax alcohols. Differences in chain length 
and unsaturation could further complicate the 
issue in that longer chain lengths would increase 
migration slightly while more unsaturation 
would decrease it slightly. 

Diesters ~Type I FA-aOH FA-FAIc 

Diesters aType I, the first of the diesters to 
elute from Column 211, were found mainly in 
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TABLE 1 

Portion of SiO 2 Column Chromatogram of Total Steer Meibomian Lipids Containing Diesters and Triesters 

Wt. of Wt. of Wt. of  Wt. of 
diesters diesters diesters remaining Wt. of 

Col. 211 a Wt. c~Type I toType I-St ~,wType II unidentif ied triesters d 
Frac. No. mg mg mg mg "diesters"  mg 

9 7.80 b 0.15 
10 1.99 1.11 
11 2.46 2.41 
12 3.76 3.61 0.12 
13 3.28 ~ 
14 5.40 8.68 0.87 7.38 0.43 

1615 5.89 5.20 } 11.09 7.79 2.00 1.30 

1817 4.36 4.44 ~ 8.80 6.16 2.11 0.53 

19 3.45 } 
20 3.11 6.56 3.29 2.62 0.65 

21 5.94 
22 2.72 8.66 3.63 4.28 0.75 

23 3.73 0.56 
24 2.80 

Total 66.3 8.2 28.4 12.0 3.2 

Mg est imated from 
Fr. 2 & 3 Col. 210 1.0 7.0 5.0 

Grand total  9.2 35.4 17.0 3.2 

% of total  steer 
meibomian lipids c 1.3 5.0 2.3 0.4 

3.17 
2.80 

6.0 

2.0 

8.0 

1.1 

aThese fractions were eluted mainly with 40% benzene in hexane. TLC shown in Figs. 1 and 2. Other frac- 
t ions were eluted as described in Materials and Methods. 

bThe remainder of Fractions 9 through 12 were sterol and wax esters. 

CCalculated on the basis of 725 mg total  meibomian lipids recovered from Col. 210. 
dAddit ional  triesters may be present below the diester region. See text .  

SE+WE 

~Trve 

F~'ar g F~rac tO FIrir 11 Frar 12 

E~rly C ~  2 t 1 F r ~ t k m s  

FIG. 2. Preparative TLC on SiO2 of  Column 211 Fract ion Nos. 9-12. Plates were developed with hexane/  
benzene 50:50, v/v. Type of plate and spray used as in Fig. 1. Samples applied were: Frac. 9, 3.1 mg; Frac. 10, 
1.2 mg; Frac. 11, 1.6 mg and Frac. 12, 3.0 rag. Plates show separation of c~Type I diesters from SE and WE and 
its puri ty  from contaminat ion with ~oType I-St diesters. 
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SE 

WE 

solvent f ront ,  esters: 

> f i l l  I i ~ i t  �9 FAlc 

T G -  w Type I 

leader edge 

II 

Type I 

Type II 

II 
lm CH 3 . . . . . .  C - O -  ~ 

O 
II 

CH 3 . . . . . .  C - O - C H  2 . . . . . .  CH 3 

O 
i] 

1D CH 3--~- C H - C - O - C H  z . . . . . .  CH 3 _c 

l i l  
CH 3 . . . . . .  C O 

o o 
II II 

CH s . . . . . .  C - O - C H  2 . . . . . . . . . . . .  C - O - ~  d_ 

O O 
II II 

CH s . . . . . .  C - O - C H  z . . . . . . . . . . . .  C - O - C H  2 . . . . . .  CH 3 e 

same R f / . ~  ~[ 1(~ 

�9 CH s . . . . . .  C - O - C H  z . . . . . . . . . . . .  CH2 - O - C -  . . . . .  CH s _f 

CH 3-~- -CH-C-O-CH 2 . . . . . . . . . . . .  C - O - t . . / t ~ J  g_ 

II 
CH s . . . . . .  C -O  

O O 
I1 II 

CHs-~- -CH-C-O-CH z . . . . . . . . . . . .  C - O - C H  2 . . . . . .  CH 3 h_ 

,[ 
CH s . . . . . .  C - O  

J same Rf - , ~  o o 
II II 

CHs--6--CH-C-O-CH ~ . . . . . . . . . . . .  CH 2 - O - C  . . . . . .  CH 3 _i 

ii 
CH s . . . . . .  C - O  

FIG. 3. Scheme showing the relative migration pattern of the mono, di and triesters on SiO 2 . See text. 

Fract ions  Nos. 10 to 14. Preparative TLC of 
these fractions on SiO~ gave a diester band 
(Fig. 2) whose saponificat ion products  were 
FA,  0tOHFA and FAlc.  GLC of  the methy l  
esters of the fa t ty  acids and the a -hydroxy  
fat ty  acids, and the acetates of  the fa t ty  alco- 
hols, gave re ten t ion  data matching those of  
standards. These data are listed in Table 2 and 
are discussed below. 

To test for the  possibili ty of  another  lipid 
class also being present in these diesters, the 
upper  por t ion  of  the TLC band obtained f rom 

Fract ions  Nos. 11 and No. 12 was separated 
f rom the lower por t ion  (Fig. 2) and individually 
saponified. Both por t ions  gave similar results by 
TLC of  the saponif ied products  and GLC of the 
ext rac ted  fat ty  acids, a -hydroxy  fa t ty  acids and 
fa t ty  alcohols,  indicating homogene i ty  by this 
test. The weights recovered f rom the saponifica- 
t ion products  of  these diesters were:  ct-hydroxy 
FAMEs,  170/ag, FAlcs,  201 /.tg and FAMEs,  
187/~g. F rom the es t imated average molecular  
weight  of  each componen t ,  a molar  rat io of  
a O H F A : F A l c : F A  of  1.0:0.93:1.1 was ob- 
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tained, which is approximately equimolar for 
all components. Within experimental error this 
supports the structure postulated. 

Oiesters o~Type I FA-wOH FA-St 
and Possibly FA-oJOH FA-FAIc 

These diesters emerged from Column 211 in 
Fraction Nos. 12 to 22 (Table 1). If diesters 
FA-wOHFA-FAlc occurred at all, they oc- 
curred in much smaller amounts than the 
amount of FA-coOHFA-St. The latter diesters 
were separated from other material by prepara- 
tive TLC on Mg(OH)~ giving a broad band with 
an Rf of 0.1 when developed with 2.5% ethyl 
acetate in hexane. This adsorbent retains ring 
compounds with a flat surface more strongly 
than straight chain compounds of comparable 
molecular weight (23,24). Thus, molecules 
esterified to cholesterol or other similarly 
shaped sterols whose a side is relatively fiat, are 
adsorbed more strongly on Mg(OH)2 than 
those compounds esterified to straight chain 
fatty alcohols of comparable molecular weight. 
This chromatographic behavior of these two 
classes of esters on Mg(OH)/ is quite the reverse 
of their behavior on SiO2. TLC on SiO2 of the 
material thus separated on Mg(OH) 2 as de- 
scribed above showed a single band, so the 
material was directly saponified without further 
purification. TLC of the saponified products by 
the 4-solvent linear development technique gave 
3 bands: fatty acids, 163/ag, 6o-hydroxy fatty 
acids, 307/ag (both as methyl esters), and 
sterols, 230/ag with respective Rf's of 0.36, 
0.27 and 0.7. The sterols gave three peaks when 
they were subjected to capillary GC-MS and 
capillary GLC. The first to emerge was choles- 
terol, ~60%. The second was A7 cholestenol or 
5a-cholest-7-en-3/3-ol, ~35%. The third to 
emerge was present in too small an amount 
(~5% of the total sterols) to be identified. 
Authentic standards (A7 cholestenol from the 
Steroid Reference Collection, Medical Research 
Council, Westfield College, Hampstead, London) 
gave the same GLC retention times and nearly 
identical fragmentation patterns including a 
molecular ion at 386 by GC-MS. The molar 
ratio of FA:coOHFA:St was 0.95:1.0:1.0, thus 
lending support, within experimental error, to 
the proposed structure. Compositions of the 
fatty acids of diesters FA-coOHFA-St are listed 
in Table 2 and are discussed below. 

Diesters ~,coType I I FA-a,wdioI-FA 

These diesters were found in Fractions Nos. 
13 to 23. They were separated from diesters 
FA-coOHFA-St and other material also by the 
preparative TLC procedure on Mg(OH)2 used 

above and were found in a broad band at Rf = 
0.45. The saponification products of this band 
(which came from pooled Fraction Nos. 19 and 
20) gave mainly fatty acids and a,co-diols, but  
small amounts of a-hydroxy fatty acids, co- 
hydroxy fatty acids and fatty alcohols also 
were present. The corresponding band at Rf = 
0.45 from Mg(OH)2 TLC of the earlier eluting 
pooled Fractions Nos. 15 and 16 also gave the 
same saponification products except that there 
were more a-hydroxy fatty acids, co-hydroxy 
fatty acids and fatty alcohols present. The 
weights of these saponification products ob- 
tained from pooled Fractions Nos. 15 and 16 
gave the following number of #moles: FAlcs 
0.12, a,w-diols 0.37, FA 0.84, coOHFA 0.24, 

T A B L E  2 

Fatty Acids (as Methyl Esters) from Different Diester 
Fractions of Steer Meibomian Lipids (Column 211) 

Diesters c~Type I 

Frac. 11 
3 major homologs % 

% 

Short chain cluster 
(CI 2-C20) 

Saturates 
Normal 

Iso- 
branched 
Anteiso- 
branched 

Monoenes 
Normal 

Long chain cluster 
(C21-C31) 

Saturates 
Normal 

Iso- 
branched 

Anteiso- 
branched 

Monoenes 
Normal 

C16:0,  C14:0 ,  C18:0  16.3 
9.7 4.1 2.0 

iC18:0,  iC14:0,  iC16:0 11.6 
7.2 2.8 1.1 

a iC15:0,  a i C l 9 : 0 ,  a iC17:0  33.0 
18.8 5.9 4.5 

C 1 8 : 1 ,  C 1 6 : 1 ,  C 1 5 : 1  16 .0  
10.1 3 .3  1.6 

S u b t o t a l  76 .9  

C24:0 ,  C22:0 ,  C29:0  1.9 
0.5 0.4 0.4 

iC26:0,  iC30:0,  iC24:0  5.0 
1.9 1.4 0.9 

a iC25:0,  a iC27:0 ,  a iC29:0  11.7 
4.4 3.9 1.5 

C27:1 ,  C28:1 ,  C26:1 4.5 
2.2 1.0 0.7 

Subto ta l  23.1 

Grand to ta l  100.0 

(Continued) 
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TABLE 2 (continued) 

461 

Diesters toType I-St 

Frac. 19-20 Frac. 15-16 

3 major homologs % 
% 

3 major homologs % 
% 

Short chain cluster 
(el 2-C20) 

Saturates 

Normal 

Iso- 
branched 

Anteiso- 
branched 

Monoenes 

Normal 

Long chain cluster 
(C21-C31) 

Saturates 

Normal 

Iso- 
branched 

Anteiso- 
branched 

M o n o e n e s  

Normal 

C16:0, C18:0, C15:0 
6.7 1.3 0.8 

iC18:0, iC16:0, iCl4:0 
3.3 1.4 0.7 

aiClS:0, aiC17:0, aiC19:0 
10.6 10.4 1.2 

10.4 C16:0, C18:0, C14:0 7.8 
5.0 1.6 0.5 

5.6 iClS:0, iC16:0, iC20.0 8.3 
6.5 0.8 0.6 

22.3 aiC17:0, aiC15:0, aiC19:0 13.6 
6.4 5.8 1.3 

C18:1, C16:1, C17:1 59.1 
34.5 21.7 1.7 

Subtotal 97.4 

C24:0, - , - 
0.1 

iC26:0, iC22:0, iC24:0 
0.3 0.3 0.1 

aiC25:0, aiC27:0, aiC29:0 
0.6 0.6 0.3 

C18:1, C16:1, C17:1 59.5 
34.5 25.0 1.7 

89.2 

0.1 C24:0, C26:0, - 0.3 
0.2 0.1 

0.8 iC22:0, iC26:0, iC21:0 2.6 
1.1 0.8 0.7 

1.7 aiC25:0, aiC27:0, aiC21:0 6.3 
2.7 1.4 1.2 

Subtotal 2.6 

Grand total 100.0 

C22:1, C21:1, - 
0.8 0.8 

1.6 

10.8 

100.0 

(Continued) 

and  c~OHFA 0 .24 .  The  ma in  diester  p resen t  
here  was 0.37 # m o l e s  of  a , w T y p e  II. If we 
assume ,  tha t  the  FAlcs  are 0 .02  # m o l e s  too  h igh  
or the  FAs  are 0 .02  /amoles too  low we can 
a c c o u n t  for  all p roduc t s .  For  example ,  a s sum-  
ing the  fo rmer  we could  have  the  fo l lowing 
p r o d u c t s :  

a, wType II FA-c~,wdiol-FA 
~moles: .37 .37 .37 

STRUCTURE 1 

~Type I 
#moles: 

FA-aOHFA-FAlc 
.05 .05 .05 

STRUCTURE 2 

~Type  I 
gmoles 

FA-toOHFA-FAlc 
.05 .05 .05 

STRUCTURE 3 

~zmoles: 

I I 
aOHFA-~OHFA 

.19 .19 

STRUCTURE 4 

A d m i t t e d l y ,  S t ruc tu re  4 is s o m e w h a t  specu-  
lative, bu t  the re  is no  r eason  w h y  it  cou ld  no t  
be f o r m e d ,  since the  a p p r o x i m a t e l y  30 C-a toms  
in the  cha ins  o f  t he  w - h y d r o x y  f a t t y  acids 
b e t w e e n  the  OH g roups  and  CO2 H g roups  ma ke  
these  g roups  essent ia l ly  i n d e p e n d e n t .  Molar 
ra t ios  of  the  c o m p o n e n t  diesters  of  pooled  
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TABLE 2 (continued) 

Diesters a, mType II 

Frac. 15-16 Frac. 23 

3 major homologs % 3 major homologs % 
% % 

Short chain cluster 
(C 12-C20) 

Saturates 

Normal 

Iso- 
branched 

Anteiso- 
branched 

Monoenes 

Norm al 

Long chain cluster 
(C21-C31) 

Saturates 

Normal 

Iso- 
branched 

Anteiso- 
branched 

Sonoenes 

Normal 

C16:0, C18:0, C15:0 13.7 C16:0, C18:0, C14:0 6.2 
8.2 2.8 1.5 3.7 1.2 0.6 

iC16:0, iC18:0, iC14:0 4.7 iC18:0, iC14:0, iC16:0 7.8 
1.9 1.5 0.7 6.1 1.0 0.7 

aiC15:0, aiC17:01aiC19:0 31.7 aiC15:0, aiClT:0, aiC14:0 15.3 
14.8 14.8 2.1 9.5 5.1 0.7 

C18:1, C16:1, C20:1 42.6 C18:1, C16:I, C14:1 70.4 
33.6 8.1 0.7 35.0 30.8 2.5 

Subtotal 92.7 99.7 

C21:0, C23:0, C26:0 1.4 . . . .  
1.1 0.2 0.1 

iC26:0, iC28:0, iC22:0 1.4 iC26:0, iC24:0 -- 0.2 
0.6 0.4 0.2 0.1 0.1 

aiC27:0, aiC25:0, aiC29:0 3.2 aiC21:1 - - 0.1 
1.3 1.2 0.5 0.1 

C22:1, C21:1, - 1.3 
0.8 0.5 

Subtotal 7.3 0.3 

Grand total 100.0 100.0 

F rac t ions  Nos. 19 and  20 gave similar results.  
The sum of  the  weights  o f  the  diesters  o the r  
t han  a , m T y p e  II are given in Table  1. 

The  pures t  p repa ra t ion  o f  a , m T y p e  II 
diesters  t h a t  we were able to  ob ta in  was f rom 
Frac t ion  No. 23, wh ich  gave a band  at  Rf = 
0.51 o n  Mg(OH)2 TLC. Sapon i f i ed  p r o d u c t s  
f rom these diesters y ie lded 4 7 5 / a g  a ,m-diols  
and  201/~g f a t t y  acids as m e t h y l  esters, giving a 
mola r  ra t io  of  a ,m-diols  to  F A  of  1 .0:1 .9  or  
a p p r o x i m a t e l y  1:2. C o m p o s i t i o n  of  the  f a t t y  
acids of  a , m T y p e  II diesters  are given in Table  2 
and  are discussed below. 

Triesters Type I 

Triesters  emerged  f rom Colum 211 in Frac- 
t ions  Nos. 23 and  24. Prepara t ive  TLC of  Frac-  
t ion  No. 23 on  Mg(OH)2 gave a b road  b a n d  at  
R f = 0 . 0 7  which ,  w h e n  f u r t h e r  pur i f ied by  
prepara t ive  TLC on SIO2, gave an in tense  uppe r  

band  ad jo ined  to a fa in t  lower  band .  Saponifi-  
ca t ion  of  the  l ipids f rom each  b a n d  yielded the  
same p roduc t s  a l t hough  in d i f fe ren t  a m o u n t s  
(Fig. 4). Cor re spond ing  subs tances  f rom b o t h  
lanes were poo led ,  all f a t t y  acids m e t h y l a t e d  
for  GLC and  weighed. Recovery  of all sub- 
s tances  gave the  respect ive  /amoles for  FAlc ,  
sterol,  FA,  6oOHFA and 0tOHFA as 0.05, 0 .18,  
0.24,  0 .22 a n d  0.20. This gives a molar  ra t io  of  
F A : a O H F A : m O H F A : F A l c  plus St of  1 .2:1 .0:  
1.1 : 1.1, or  a p p r o x i m a t e l y  1 : 1 : I : 1. This molar  
ra t io  suggests the  fo l lowing two  tr iester  struc- 
tues:  F A - a O H F A - w O H F A - S t  and  F A - w O H F A -  
a O H F A - F A l c ,  wh ich  would  occur  in the  pro- 
po r t i ons  3 .6 :1 ,  the  molar  ra t io  of  s terols  to  wax 
alcohols.  In t e rchang ing  the  two  h y d r o x y  f a t t y  
acid moie t ies  par t ia l ly  or  to ta l ly  may  rep resen t  
the  ac tual  s t ruc tures ,  bu t  the  s t ruc tu res  pos tu-  
la ted would  seem more  plausible,  because 
cleaving t h e m  at  the  midd le  es ter  l inkage would  
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< solvent front 

fa t ty  alcohols 

sterols 

t h r o u g h  our  TLC sys tem (Fig. 5, Lanes  1 and  2) 
we o b t a i n e d  t h e  fo l l owing / amole s :  FAlcs  0.24,  
s terols  0.05,  0t,w-diots 0 .10,  F A  0.47,  w O H F A  
0.16 and  a O H F A  0.31.  The  t o t a l  n u m b e r  of  
/amoles of  all c o m p o n e n t s  w i th  c a r b o x y l  g roups  
was 0.94,  and  the  t o t a l  w i th  h y d r o x y l  was 
a p p r o x i m a t e l y  equa l  at 0 .96.  The  presence  of  
s ignif icant  a m o u n t s  of  a ,w-d io ls  suggests the  
presence  of  some  t r ies ters  Type  II b u t  does  n o t  
exc lude  the  presence  of  t r ies ters  Type  I and  
poss ibly  even some diesters.  The  fo l lowing  are 
some  possibi l i t ies:  

Type II triesters FA-aOHFA-a,wdiol-FA 
t~moles .05 .05 .05 .05 

fat ty  acids 

b) -hydroxy fat ty  acids 

. , - ( : ( -hydroxy  fatty acids 

leader edge 

FIG. 4. TLC on SiO 2 of the saponified products of 
triesters Type I developed by the linear 4 solvent sys- 
tem described in the text. Fraction 23 Column 211 
subjected to TLC on Mg(OH) 2 ; lipid from band with 
Rf = 0.07 subjected to TLC on SiO 2 yielding an in- 
tense band at Rf = .44 adjoining to a faint band at 
Rf = ..41. Saponified products from intense band 
(250 t~g) spotted in left lane and those from faint band 
(125 #g) spotted in right lane. 

yield moie t ies  a l ready occur r ing  in a T y p e  I and  
6~Type I diesters.  Analogous ly ,  one  m a y  argue 
t h a t  t r ies ters  wi th  the  s t ruc tu res  F A - w O H F A -  
a O H F A - S t  and  F A - a O H F A - w O H F A - F A l c  are 
m u c h  less p r o b a b l e  because  t he  m o i e t y  a O H F A -  
St was no t  f o u n d  in diesters  a T y p e  I, and  
c~OHFA-FAlc  occurs  min ima l ly  if a t  all in dies- 
ters  6oType I. Thus,  in s u m m a r y ,  the  two  m o s t  
l ikely s t ruc tu res  for  t r ies ters  Type  I are FA- 
a O H F A - w O H F A - S t  and  F A - w O H F A - a O H F A -  
F A l c .  

Triesters Type I I 

Frac t i on  No. 23 also y ie lded a n o t h e r  b a n d  
(Rf  = 0 .23)  w h e n  sub jec ted  to  prepara t ive  TLC 
on Mg(OH)2.  The  lipid f rom this  b a n d  also gave 
an  in tense  u p p e r  b a n d  ad jo ined  to a fa in t  lower  
b a n d  w h e n  sub jec ted  to  p repara t ive  TLC on  
SiO2. When  the  l ipid f rom the  in tense  b a n d  was 
saponif ied  and  the  saponi f ied  p roduc t s  p u t  

Type II triesters FA-wOHFA-a,todiol-FA 
umoles .05 .05 .05 .05 

Type I triesters FA-aOHFA-toOHFA-St 
umoles .05 .05 .05 .05 

Type I triesters FA-toOHFA-aOHFA-FAlc 
umoles .06 .06 .06 .06 

�9 <--- solvent front 

fatty alcohols 

( sterols 

( qX,~diols 

~ . . . -  fa t ty  acids 

~ -hydroxy  fatty acids 

qK-hydroxy fatty acids 

" -  leader edge 

FIG. 5. TLC on SiO 2 of the saponified products of 
triesters Type II developed as in Fig. 4, obtained as 
described in text. Samples applied were 180 ~g, 380 
~g, 150 t~g and 285 ~g respectively for lanes 1 to 4. 
Structures postulated are tentative, see text. 
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This leaves 0.16/amoles FA, 0.15/amoles 
0tOHFA plus 0.18 /~moles FAlc which is ap- 
proximately correct for some a Type I diesters 
FA-aOHFA-FAlc, within experimental error. 
The difficulty is that aType I diesters should 
not elute this late in the Column 211. Perhaps 
it is a matter of selection of shorter chains for 
these compounds. 

Fraction 24, when subjected to preparative 
TLC on Mg(OH)2, gave a major band of Rf 
0.23, the lipids of which were purified further 
by preparative TLC on SiO~ to yield an intense 
upper band adjoined to a faint lower band as 
observed in Fraction No. 23. The saponified 
products of the intense band on SiO2 of Frac- 
tion No. 24 (Fig. 5, Lanes 3 and 4) gave the 
following /~moles: FAlcs 0.09, sterols 0.02, 
a,co-diols 0.18, FA 0.49, 6oOHFA 0.11, and 
0tOHFA 0.22. The total number of /amoles of 
carboxyl was 0.82 and hydroxyl was 0.80, sug- 
gesting the following possible substances: 

Type I triesters FA-aOHFA-toOHFA-St 
gmoles .02 .02 .02 .02 

Type I triesters FA-coOHFA-aOHFA-FAlc 
umoles .09 .09 .09 .09 

Type II triesters FA-aOHFA-~,o~diol-FA 
~moles .11 .11 .11 .11 

This leaves 0.16/amoles of FA and 0.07/~moles 
of a,wdiols which could be attributed to 0.07 
/amoles of diesters FA-a,codiol-FA eluting with 
the triesters with an experimental error of 0.02 
/amoles too many of FA. 

The relative amounts of the different dies- 
ters present in the fractions of Column 211 
were calculated from the weights recovered 
from TLC on SiO2 and Mg(OH)2, and are given 
in the totals of Table 1. Also given are estimates 
of the relatively small amounts of each diester 
present in Fraction Nos. 2 and 3 of Column 
210, as judged by the intensity of TLC spots on 
SiO2. Thus, steer meibomian lipids contain an 
estimated 1.3% aType I, 5% coType I-St and 
2.3% a,~oType II diesters. Table 1 also lists 
values obtained similarly for the triesters elut- 
ing with the more polar diesters. These com- 
prise ~1% of steer meibomian lipids and do not 
include the triacylglycerols or other triesters 
that may migrate below them. 

The fatty acids occurring in the three types 
of steer diesters isolated in this study are listed 
in Table 2. As mentioned earlier, when the dif- 
ferent diesters emerge from the SiO2 column, 
the fatty chains will change in that the more 
saturated chains will elute ahead of the more 
unsaturated chains, and the longer chains will 

elute ahead of the shorter chains. Perhaps a 
center cut or an average of an early and a 
late cut would give a fatty acid profile more 
representative of the total. Thus, for diesters 
coType I-St the pooled Fractions Nos. 15 and 
16 would be representative of the total. Con- 
sidering these facts, there appear to be two 
fatty acid profiles: a one-cluster profile and a 
two-cluster profile. The first cluster is from C12 
to C20, and the second from C21 to C31. The 
composition of the fatty acids of the aType I 
diesters is an example of the two-cluster profile; 
the fatty acids of the diesters coType I and 
those of the a,eoType II belong largely to the 
one-cluster group. Anteiso chains are prominent 
in both profiles. 

The wax alcohols of aType I diesters are 
quite similar to those of the wax monoesters 
(1), and the o~-hydroxy fatty acids of aType I 
are similar to those of the total a-hydroxy fatty 
acids (2). 

The very long chain difunctional group com- 
ponents, such as the w-hydroxy fatty acids of 
coType I diesters from pooled Fractions Nos. 
15 and 16, Column 211, gave a profile similar 
to that of the total 6o-hydroxy fatty acids 
reported earlier (2), and the a,6o-diols of 
a,coType II diesters from pooled Fractions 
Nos. 19 and 20, Column 211, gave a profile 
similar to that of the a,w-diols of the total 
unsaponifiables (4). 

Human Meibum Polyesters 

Human and steer meibum lipids when chro- 
matographed alongside each other on the same 
TLC plate gave six bands in the diester and 
triester regions labeled DE-1 through DE-6 
(Fig. 6). Each of these bands were scraped off 
from three such plates, pooled, extracted and 
the lipid obtained saponified. The saponified 
products were then chromatographed (Fig. 7) 
and the spots worked up and subjected to GLC 
as described above. 

From our earlier data on the steer, we would 
expect that its DE-l, DE-2 and DE-3 bands 
would contain diesters aType I, wType I-St 
and 0t,coType II, respectively. In Figure 6, note 
that human DE-1 migrated farther than steer 
DE-I but the migration of human DE-2 and 
DE-3 matched closely the respective migrations 
of DE-2 and DE-3 of the steer, although present 
in differing amounts. 

If human DE-1 were c~Type I diesters as in 
the steer, we should have obtained a-hydroxy 
fatty acids. GLC analysis of the ultra small 
sample obtained from the human DE-1 band 
gave inconclusive evidence of this. This fact, 
coupled with the difference in migration be- 
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front 

: a r b o n s  

esters 

sters 

glycerols 
edge 

2 �9 

Total  steer  meibum Total  human meibum 

FIG. 6. TLC on SiO~ of total steer and human meibum lipids. Plate was developed in hexane/benzene 55:45, 
v/v. Type of plate and spray used as in Fig. 1. Lanes 1 and 19 were 30 ~g each of cholesterol and triolein stand- 
ards. Lanes 2-9 and 10-18 are 300 tzg each of total steer and human meibum lipids respectively. 

tween the human and steer DE-I ,  makes it still 
an open quest ion as to whether  any c~Type I 
diesters occur  in human meibum.  

The saponified products  of human  DE-2 
ma tched  rather  closely those of  the steer DE-2, 
The amounts  o f  sterol, FA  and coOHFA re- 
covered (Fig. 7) and their  GLC pat terns are 
consistent  with the expected  s tructure for 
diesters coType I-St. Capillary GLC of  the  
sterols showed a chromatogram very similar to 
that  of  the steer except  that  there was only 
~ I 0 %  A7 cholestenol  as determined by GC-MS. 
Similarly, human DE-3 showed amounts  of  
a ,w-diols  and fa t ty  acids consistent with the 
s tructure of  ~,coType II diesters. However ,  
there  was some con tamina t ion  of  DE-3 with  
DE-2 and vice versa. 

The saponified products  f rom DE-4, DE-5 
and DE-6 f rom b o t h  the steer and the  human 
showed enough similari ty to lead one  to believe 
that  the triesters of  bo th  species also bear close 
resemblances to each other.  Human meibum 

lipids also appear to conta in  small amounts  o f  
still a four th  di funct ional  group lipid compo-  
nent,  namely,  a,/3-diols (see DE-4 and DE-6 of  
Fig. 7), and very faint  traces of these diols also 
seem to be present in steer me ibum lipids. 

CONCLUSION 

Approx imate ly  90% of the lipids of  steer 
and human meibum are esters of  some 8 or 9 
types,  a large part of  the remainder  being free 
alcohols,  sterols, acids and hydrocarbons .  Each 
ester class in turn consists of  a very large num- 
ber of  molecular  species. It has been shown that  
the esterif icat ion of  fat ty acids with fa t ty  
alcohols for the human wax esters was a ran- 
dom process (25). Thus, 69 fa t ty  acids of  all 
fa t ty  chain types t imes 40 fat ty  alcohols of  all 
chain types form 2760 different  molecular  
species of  wax ester. If  we add a third compo-  
nent  such as the family of  11 a -hydroxy  fa t ty  
acids, as found in diesters 0tType I, we get over 
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score I/Rt e �9 solvent front 

3rd de's-  

2nd dev 

fatty alcohols 

sterols 

r , ~ d i o l s  

O( ,fl - d i o l s  
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0J-hydroxy fatty ac ids  
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Saponification products of human and steer polyesters 
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FIG. 7. TLC on SiO 2 of saponified products of bands in the diester region of total steer and human meibum 
lipids. Plates were developed as in Fig. 4. Type of plate and spray used as in Fig. 1. Samples applied on each lane 
from left to right were: Human meibum, DE-I 85 #g, DE-2 160 ~zg, DE-3 100 ~g, DE-4 185 gg, DE-5 150 #g, 
DE-6 200 gg and 160 t~g each; Steer meibum, DE-1 145 gg, DE-2 150 t~g, DE-3 200 ~tg, DE-4 95 ~g, DE-5 
130 gg, DE-6 270 gg. Stds., 100-150 #g each, contained fatty alcohols, sterols, a,co-diols, a,fl-diols, fatty acids, 
to-hydroxy fatty acids and c~-hydroxy fatty acids. 

30 ,000  molecu la r  species, and  a f o u r t h  c o m p o -  
n e n t  as in the  t r iesters  would  br ing  the  to ta l  
n u m b e r  of  molecu la r  species to  m a n y  h u n d r e d s  
of  thousands .  It  would  appear  t ha t  no  one  of  
these  molecules  is more  i m p o r t a n t  t han  any  of  
the  others ,  bu t  t ha t  all of t h e m  synergis t ical ly  
endow the  m i x t u r e  wi th  those  p roper t i e s  t h a t  
enable  the  m e i b u m  to pe r fo rm  all of i ts  func-  
t ions.  

One i m p o r t a n t  physical  p r o p e r t y  t ha t  th is  
semi-solid lipid mix tu r e  mus t  have is the  cor rec t  
viscosity (or  f lu id i ty)  to enab le  i t  to  f low ou t  of  
the  gland or if ice  on to  the  edge of  the  eyelid at  
the  t e m p e r a t u r e  of  the  eyelid. A second  essen- 
tial physical  p rope r ty  is the  r ight  spreading 
charac ter i s t ics  over the  wet  tear  surface so t ha t  
it can keep  the  p reocu la r  tear  f i lm covered at all 
t imes  by  expand ing  and  con t r ac t i ng  wi th  every 
b l ink  and  thus  re ta rd ing  evapora t ion  of  tear  
mois ture .  A th i rd  essential  physical  p rope r ty  is 
the  cor rec t  adhes ion  to the  ou te r  skin of  the  
eyelids so t h a t  a h y d r o p h o b i c  wall forms,  thus  
p reven t ing  t he  skin f rom ge t t ing  wet  and  swell- 
ing. A n o t h e r  func t i on  of  this  semi-solid wall is 
to  d i rec t  the  tears to f low in to  the  p u n c t a  at  

the  side of  the  nose and  prevent  t h e m  f rom 
overf lowing o n t o  the  cheek .  Final ly ,  a f o u r t h  
physical  p r o p e r t y  requi red  of  this semi-solid 
lipid is t h a t  i t  be cohesive or s t icky enough  tha t  
the  lipids of  the  upper  and  lower lids fo rm a 
wate r  t igh t  seal when  the  eyes are closed dur ing  
sleep, thus  p reven t ing  the  cornea l  surface f rom 
dry ing  out.  Whe the r  m e i b u m  lipids have any  
useful  chemica l  proper t ies ,  such  as tox ic i ty  to 
some p a t h o g e n i c  mic roorgan i sm,  remains  yet  to  
be de t e rmined .  
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