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Abstract: The intestinal mucosal triacylglycerol storage 
pool consists of triacylglycerol that is predominantly trans- 
ported from the intestine via the portal vein rather than in 
chylomicrons (Am. J. Physiol. 1991. 261: G5304538). Here 
we examined the size of the storage pool under varying 
physiological conditions. Four groups of rats were infused 
intraduodenally for 4 h. Group A was fasted group B was 
infused with trioleoylglycerol, 135 pmol/h; group C was in- 
fused with trioleoylglycerol, 135 pmol/h plus phosphatidyl- 
choline, 9 pmol/h; and group D was bilediverted and infused 
with trioleoylglycerol, 135 pmol/h. The amount of triacyl- 
glycerol in the mucosa increased from groups A to D (A > B 
> C > D) but the storage pool triacylglycerol was least in 
groups A and C and greatest in groups B and D. The percent- 
age of trioleoylglycerol in mucosal triacylglycerol was greater 
in groups B and D than in group A and greater in all groups 
than the percentage of oleate in the total fatty acids. W e  
conclude that the triacylglycerol storage pool size varies in- 
versely with the efficiency of lymphatic lipid output, which is 
greatest in rats infused with trioleoylglycerol plus phospha- 
tidylcholine (group C) and least in bilediverted rats infused 
with trioleoylglycerol (group D).-P. Nevin, D. Koelsch, and 
C. Mansbach II. Intestinal triacylglycerol storage pool size 
changes under differing physiological conditi0ns.J Lipid Res. 
1995. 3 6  2405-2412. 
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The intestine rapidly absorbs lipids from the lumen 
and transports them quickly into' the lymph with an 
appearance time of 12 min for fatty acids (FA) (l), 
suggesting that lipid processing is efficient. This is fur- 
ther supported by the finding that lipid absorption is a 
nearly complete process, with large loads, up to 500 g 
of fat, being absorbed per day in humans (2). The export 
step from the intestine into the lymph is not as efficient 
under all experimental conditions, however. For exam- 
ple, recovery rates in the lymph of 54-55% of intraduo- 
denally infused lipid have been reported from our own 
(3) and other laboratories (4). The lipid export rate can 
be markedly improved by adding phosphatidylcholine 
(PC) to an intraduodenal lipid infusion (3). Alterna- 

tively, the quantity of lipid that fluxes into the lymph can 
be decreased by diverting bile from the intestine (5).  In 
summary, these data suggest that physiological manipu- 
lations can markedly alter the ability of the intestine to 
export absorbed lipid into the lymph. 

Exogenous lipid that does not exit the intestine via the 
lymph is cleared from the intestine (6) and has been 
shown to pass into the portal vein (7). This suggests the 
possibility that lipid entering the portal transport path- 
way is distributed into a different triacylglycerol (TG) 
pool than is the lipid to be transported in the lymph. The 
existence of two TG pools in the intestine was first 
proposed on the basis of finding that when radiolabeled 
trioleoylglycerol (TO) was infused intraduodenally until 
a steady state was obtained, the mucosal specific activity 
was much lower than the specific activity of the chylomi- 
cron TG derived from it (8). The TG pool that does not 
provide lipid for the lymphatic pathway (pool B) (7) has 
been isolated (9) and metabolic entry into the pool was 
obtained by intravenously infusing radiolabeled oleic 
acid (7). 

Steady-state kinetic data show that the turnover rate of 
the TG precursor pool for chylomicron formation (pool 
A) (7) is the same despite a 2-fold increase in the output 
rate of TG into the lymph when intraduodenal TO 
infusion is compared to an intraduodenal TO plus phos- 
phatidylcholine (PC) infusion (3). Thus, pool A must 
have increased 2-fold in order to provide enough TG to 
meet the requirements for TG lymphatic transport when 
TO + PC was infused intraduodenally as compared to 
when TO alone was infused. These data suggest the 
possibility that the size of mucosal TG pool B may also be 

Abbreviations: TG, triacylglycerol; TO, trioleoylglycerol; FA, fatty 
acid; PC, phosphatidylcholine; VLDL, very low density lipoprotein; 
E600, diethyl-pnitrophenylphosphate. 
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altered in the opposite direction, i.e., when lymphatic 
TG transport nearly equals the input rate, it decreases, 
and it increases when TG lymphatic output decreases. 
The present studies were undertaken to test this poten- 
tial using rat models in which lymphatic TG output rates 
are known to vary widely (3). A second objective of this 
study was to determine whether the proportion of TG 
acyl groups comprised of oleate was different in pool B 
than in the mucosa as a whole. 

MATERIALS AND METHODS 

Animal preparation 

Male Sprague-Dawley rats (250-350 g) were main- 
tained on Purina Rat Chow (Ralston Purina, St. Louis, 
MO) until used in the study. Four groups of rats partici- 
pated in the experiments. All of the groups received 
duodenal cannulas (PE-50, Clay Adams, Parsippany, NJ) 
1 day prior to the experiments (7). All groups of rats 
were infused intraduodenally with 0.15 M NaCl, 0.3 M 
KC1, and 5% glucose at 3 ml/h (Harvard infusion pump 
model 22, Harvard Apparatus, Millis, MA) overnight. 
The next day, group A's infusion was changed to 0.15 M 
NaCl. Group B's infusion was changed to 30 mM TO 
(99% pure, Sigma Chemical Co., St. Louis, MO), 10 mM 
taurocholate (Sigma Chemical Co.), 0.15 M NaCl, and 
10 mM tris(hydroxymethy1)aminomethane (Tris)-HC1 
(pH 7.4). Group C was given the same TO infusion 
supplemented with 2 mM PC (Sigma Chemical Co., the 
acyl constituents were: 38% palmitate, 8.3% stearate, 
34% oleate, 9% linoleate, 11% arachidonate). Group D 
had the bile ducts cannulated (PE 10, Clay Adams) as 
well as duodenal cannulas implanted, and was given the 
same TO infusion as group B on the following day. No 
radiolabel was administered. All infusions were at 4.5 
ml/h for 5 h. 

After the 5-h infusions were completed, all of the 
groups were treated identically. The rats were given an 
overdose of pentobarbital, and the proximal one-half of 
the small intestine was removed, flushed with ice-cold 
0.15 M NaC1, and placed in iced saline. The proximal gut 
was then cut open longitudinally on an iced glass plate. 
The mucosa was cleaned by rinsing with 0.15 M NaCl and 
wiping twice with tissue paper. The mucosa was re- 
moved by scraping with microscope slides and placed in 
4 times the volume of buffer A [(w/v): 0.25 M sucrose, 
0.1 M NaH2P04, 10 mM MgC12, 10% dextran, 8.3 mM 
E600 (diethyljmitrophenylphosphate) (Sigma), pH 
6.81. The mucosa was homogenized with a glass-Teflon 
homogenizer (Thomas Scientific, Swedesboro, NJ) and 
poured through two layers of cheese cloth. One ml was 
obtained for lipid extraction (10). The remaining homo- 
genate was centrifuged at 7.5 x lo4 g min (Sorvall 

RC5C, Sorvall Instruments, Wilmington, DE) in a 33-34 
rotor at 4°C. The pellet was washed with 10 ml buffer A 
and recentrifuged at 7.5 x lo4 g min. Next, the pellet was 
placed in buffer A, 1:4 (v/v) and stirred on ice for 0.5 h. 
A sample of the slurry was taken for lipid extraction ( 10). 
A portion (1.5 ml) of the slurry was placed over a 
discontinuous sucrose gradient comprised of 4 ml 1.15 
M sucrose and 4.5 ml 0.86 M sucrose. One ml of 0.1 M 
sucrose was added to the top of the gradients. All sucrose 
solutions were made up in buffer A. The gradients were 
centrifuged (Beckman L-8 M, Beckman Instruments, 
Fullerton, CA) in a SW 41 rotor at 2.4 x lo7 g 0 min at 
4°C. Four regions were harvested for lipid extraction: 
the floating fat at the top (region l), the 0.25/0.86 
(region 2), the 0.86/1.15 (region 3), and the pellet 
(region 4). 

Analytical procedures 

Thin-layer chromatography (TLC) was performed us- 
ing silica gel G layers and a solvent system of hexanes-di- 
ethyl ether-methanol-acetic acid 80:20:6:2 (v/v). In a 
separate lane from the samples, authentic standards 
(tri-, di-, and monooleoylglycerols and oleic acid) were 
co-chromatographed. The standard lane was cut from 
the plate and the TG and FA bands were identified by 
charring using 50% H2SO4 (1 1). The TG and FA bands 
from the lanes containing the samples were separately 
scraped from the plate using their Rf on the standard 
lane as a guide. The acyl groups were methylated using 
a one-stage digestion/methylation (TG) or methylation 
(FA) procedure followed by gas-liquid chromatography 
on a Hewlett-Packard model 5890 series I1 gas chroma- 
tograph (Hewlett-Packard, Avondale, PA) (1 1) to sepa- 
rate the FA esters. The integrated value of each methyl 
ester was compared to an internal C-17 standard. The 
data were used for quantitation and percentile compo- 
sition. The FA and TG bands were separately analyzed 
(12). 

Statistics 

Student's t-test was used to test differences between 
two groups. When more than two groups were present, 
ANOVA was used with post Bonferroni corrections 
(InStat, GraphPad, San Diego, CA). 

RESULTS 

E600 was added to the homogenization medium be- 
cause in its absence we noted that during the sucrose 
density centrifugations, the TG originally present be- 
came extensively hydrolyzed. This was thought to be due 
to the presence of an alkaline active lipase in the intes- 
tinal mucosa that we have shown to be a cytosolic 
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enzyme (13). The addition of E600 resulted in 96 f 2% 
of the acyl groups (TG-FA plus FA) remaining as TG in 
the mucosa and 98 k 3% remaining as TG in the storage 
pool. Thus, there was no evidence of continued TG 
hydrolysis during the sucrose density centrifugation in 
the presence of E600. 

The effect of the various pre-treatments on the 
amount of TG in the intestinal mucosa is shown in Fig. 1. 
As expected, the amount of mucosal TG was least in the 
fasting rats and similar to previous observations from 
our laboratory (6). On infusing TO intraduodenally, the 
amount of TG in the mucosa increased nearly 6-fold. 
There was a further increment in mucosal TG content 
when PC was included in the intraduodenal TO infusion 
(45%) but statistical significance was not achieved. The 
largest amount of mucosal TG was seen in bilediverted 
rats in which TG was infused intraduodendally, confirm- 
ing calculated values from our previous work (6). This 
increase was statistically significant. 

Of particular interest were the data related to the 
amount of TG in the pellet that we have previously 
identified to contain the TG storage pool (9) shown in 
the right-hand panel of Fig. 1. Only a very small amount 
of TG was present in the low-speed pellet of the fasting 
mucosa but the quantity of TG increased 8-fold in the 
rats infused with TO intraduodenally. The amount of 
TG in the low-speed pellet increased even more in the 

p e 0.05 

TO+PC 

m BD 

p < 0.05 

Mucosa Pellet 
Fig. 1. The mass of triacylglycerol in the mucosa and low-speed pellet 
in fasted rats that were given trioleoylglycerol, 135 pnol/h (TO), or 
135 pmol/h TO plus 9 pmol/h phosphatidylcholine (TO + PC), or 
bilediverted and given 135 pmol/h TO (BD) as indicated in the legend 
to the figure. All infusions were given intraduodenally for 5 h. Triacyl- 
glycerol mass was measured by GLC as indicated in Methods. Statisti- 
cally significant differences are shown by the P values whose bars 
connect the groups between which significant differences were found. 
The data are the mean f SEM (n = 5). 

bilediverted group (10-fold over fasting values). By con- 
trast, the amount of lipid in the low-speed pellet from 
rats infused intraduodenally with TO plus PC was quite 
low and not different from fastingvalues. Thus, not only 
were there major alterations in the total mucosal TG 
mass on physiological manipulation, even greater 
changes were found in the TG content of the low-speed 
pellet. 

The percentage of total mucosal TG in the pellet also 
varied considerably. Under fasting conditions, 50% of 
the mucosal TG was in the low-speed pellet. When TO 
alone was infused (group B rats), 60% of the lipid was in 
the pellet. Only 6% of the mucosal TG was in the 
low-speed pellet when PC was included in the intraduo- 
denal infusion (group C rats). In the bile ductdiverted 
group (group D rats), 45% of the mucosal TG was in the 
low-speed pellet. 

We next wished to determine the composition of the 
specific TG-FA in the mucosa. Shown in Fig. 2A are the 
fasting values. Palmitate, oleate, and linoleate made up 
the majority of the mucosal TGFAs in the fasting state, 
confirming the previous work of Breckenridge and Kuk- 
sis (14) in fasting rats. When TO was infused intraduode- 
nally (Fig. 2B), as expected, oleate became the major 
TG-FA present (85%). Similar values for the percentage 
of TG-oleate were found in the TO + PC infused rat (Fig. 
ZC), 88% oleate, and in the bilediverted group (Fig. ZD), 
82% oleate. 

Also shown in Fig. 2 are the acyl group constituents of 
the mucosal FAs. These clearly differed from the mu- 
cosal TGacyl group composition under all experimental 
conditions. As shown, the proportion of mucosal FAs 
that were oleate was smaller than the corresponding 
mucosal TG-FAs that were oleate (P < 0.05 or less for 
each comparison). The greatest concentration of FA- 
oleate was in the TO-infused rats but only 55% of the FA 
were oleate as compared to 85% of the TG-FA. The least 
concentration of FA-oleate was in the fasting rats, in 
which case 24% of the total FA was oleate as compared to 
TG-FA whose composition was 32% oleate. Similar data 
(not shown) were found in the low-speed pellet in com- 
paring the proportion of TG-FA that was oleate to oleate 
in the FA pool. 

Because there was such a large variation in the amount 
of TG in the low-speed pellet depending on the infusion 
conditions, we next sought to determine whether there 
were alterations in the buoyant densities of TG in the 
low-speed pellet (9). Figure 3 shows the percentage 
distribution of TG in a discontinuous sucrose density 
gradient in the four groups of rats. In the fasting state, 
the TG is spread out throughout the gradient with the 
least dense portion of the gradient containing nearly 
half of the TG. The two groups of rats with the greatest 
amount of low-speed pellet TG (B and D) both had a 
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C 16:O 
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C 18:l 

E9 C 18:2 

C 20:4 

Fig. 2. The percentage composition of the triacylglycerol-acyl groups and fatty acids in the wholc niuco~a of rats treated as in Fig. 1 .  The five 
major fatty acids found are shown in the legend to the figure; A = group A, B = group B, C = group C and D = group D rats (see Methods). 
Statistically significant differences between the percentage of triacylglycerol-oleate and fatty acicl-oleate are given in the text. The data are the 
mean f SEM (n = 5) .  

similar pattern with 60% of the TG present in the least 
dense fraction and then a continued fall in the amount 
of TG through the denser portions of the gradient. 
Group C rats had a third pattern with only 20% of the 
TG in the least dense fraction, 72% in the second 
densest, with nearly none in the most dense fractions. 
The percentage of TG-FA that was oleate did not differ 
significantly throughout the gradient in any group (data 
not shown). 

The mucosal TG-FA composition in Figs. 2B-2D was 
compatible with our previous reports (7, 11) in the 
intraduodenally TO-infused rat and showed a predomi- 
nance of oleate as expected. Because of our previous 
findings that the low-speed pellet was associated with 
mucosal TG pool B (15) and because chylomicrons are 
mainly formed from exogenous TG, we expected to find 
that the TG-oleate composition of the low-speed pellet 
would be lower than the mucosa as a whole. This was the 
case during fasting and in the group C rats (Fig. 4) whose 
low-speed pellet TG masses were the lowest (Fig. 1) of 
any of the four groups studied. Where the TG mass of 

the low-speed pellet was larger in the group H and D rats, 
the percentage of TG-oleate in the pellet was similar to 
the mucosa as a whole. 

DISCUSSION 

During active lipid absorption in the rat, mucocal TG 
can be divided into at least two pools. The first pool, 
which we have termed pool A (7), is the pool that 
subserves chylomicron for mation with eventual delivery 
of the TG into the lymph. I t  uses primarily sn-2- 
monoacylglycerol derived from dietary TG as its 
glyceride-glycerol precursor. Its turnover rate is quick 
(tip = O.G/h)  (3) compared to that found i n  livcr (16) 
and its acyl groups reflect those of the dietary TG (7, 17). 
By contrast, the second TG pool, pool 12, would appear 
not to he transported from the intestinal cell into the 
lymph but rather cxits the mucosa via the poi tal w i n  
( I  8). Its TG turnover rate is not known hut is presumed 
to be slower than pool A ( 3 ) .  Its glyceride-glycerol is 
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1 2 3 4 
Sucrose density zones 

Fig. 3. The percentage distribution of triacylglycerol (TG) in the 
low-speed pellet from the intestine of rats treated as in Fig. 1. Treat- 
ment groups are indicated in the legend; TO + PC are group C rats, 
BD are group 1) rats, TO only are group B rats. Sucrose density 
gradient 1 = floating lipid at the top of the gradient, 2 = 0.25 ~ / 0 . 8 6  
hi, 3 = 0.86 ~ /1 .15  M sucrose interfaces, 4 = the pellet. The data are 
the mean of  five experiments. 

predominantly synthesized de novo (8). The TG-FA of 
pool B is thought to be enriched with endogenous FA 
as circulating FA can gain entry into pool B but little 
enters pool A (7). An additional contributor to pool B 
has recently been shown to be chylomicron remnants, 
whose acyl groups differ from that of their parent 
chylomicrons (12) and thus would also enrich pool B 
with non-dietary TG-FA. 

The present study was designed to determine whether 
the TG-FA of pool B would be different than that of pool 
A. Wc also wished to know whether the size of thc 
storage pool changed under conditions in which the 
partitioning of TG transport into the lymph was altered. 

Previous studies from our laboratory have shown that 
the TG of pool B can be isolated in the low-speed pellet 
of  mucosal homogenates during active lipid absorption 
(9). A possible identifying feature of pool B could be that 
its TG-FA differed from that of the whole mucosa 
and/or pool A. We found, however, that pool B had a 
radioactive specific activity that was equal to that of the 
total niucosa under steady state conditions of 
tri[~3E-I]oleoylglycerol intraduodenal infusion (15), con- 
ditions similar to those of the group B rats in the present 
study. These data would suggest that the low-speed 
pellet and the mucosa would contain equal percentages 
of TG-oleate, a finding confirmed in the present studies 
in the group H and 1) rats. During fasting or when PC was 
included in the TO infusion, however, the percentage of 
TG-oleate in pool B was less than the whole mucosa. In 
thc casc of the fasting model, oleate was not infused and 

therefore large amounts of TG-oleate were not ex- 
pected. In both the group A and C rats, the low-speed TG 
pellet was very small which may have been a factor in its 
TG-FA alteration. 

As shown in the present report, the TG storage pool 
varied greatly under differing physiological conditions; 
it enlarged when TG lymphatic transport rates were low 
and contracted when lymphatic TG transport increased. 
This relationship is shown in Fig. 5 where the fraction of 
absorbed TG transported into the lymph is plotted as a 
function of the size of TG pool B. A linear inverse 
association is seen. The validity of the plot is enhanced 
by the finding that when pool €3 is calculated to be 
nonexistent, nearly all the mucosal TG would be trans- 
ported into the lymph. In this figure, the data for the 
proportional size of the storage pool comes from the 
present report. The percentage of mucosal TG parti- 
tioned into the lymph comes from prior studies by our 
laboratory which have shown that an intraduodenal TO 
infusion is associated with only 54% of the absorbed TG 
being transported into the lymph, whereas when PC was 
included in the TO infusion, the proportion of lipid 
transported into the lymph increased to 85% ( 3 ) .  In 
bile-fistulated rats infused with TO, only 37% of the 
absorbed TG appeared in the lymph (6). The rates of TO 
and PC infusion, 135 pmol/h and 9 ymol/h, respec- 
tively, were the same as those used in the present studies. 
In sum, these data show that the size of TG pool B is 
dependent on the proportion of mucosal TG that is 

9) 80 

6 60 
H 

c) - 
0 

9) 

40 
3 

E 20 

Fasting TO TO+PC BD 0 

Fig. 4. 'Ihc prrccntage triacylglycerol (TG)-oleate in the mucosa and 
low-specd pellet in the intestinal IIILICOSA ot rats created as in Fig. 1. 
The low-speed pellet is defined in Methods. C;roups of rats, A tu 1). 
were rl-rated a s  in Pig. 1 (TO = triolcoylglycerol; TO + I'C = trioleoyl- 
glyccrol p l u s  pliospliatidylcht~line; 131) = bile-diverted, t rioleoylg-lycrrol 
irifiiscti). Statistically significant diffcrcnces (1' < 0.05) between pairs 
arc shown b y  the asterisks ;ibove the lmrs. The t l ;m are the niean k 
SEM (n = 5). 
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0.35 0.55 0.75 0.95 
Fraction of TG transported into lymph 

Fig. 5. The fraction of total mucosal triacylglycerol transported into 
the lymph as a function of the size of the mucosal triacylglycerol 
storage pool (pool B). Data for the proportion of mucosal triacyl- 
glycerol transported at 100 mg triacylglycerol in pool B is from 
Mansbach, et al. (6). The regression line was drawn by the least squares 
method (y = - 1 7 2 ~  + 167; R* = 0.986). 

transported into the lymph. When most of the mucosal 
TG is able to be transported into the lymph, the amount 
of TG in pool B is small. By contrast, when lymphatic TG 
delivery is poor, then the fractional amount of mucosal 
TG in pool B is great. 

With respect to the group C rats, supplemented with 
PC, it can be seen from Fig. 1 that 92% of the TG present 
in the mucosa is in pool A and available for transport out 
of the cell as chylomicrons. This should be contrasted 
with the data in the group B rats in which only 36% of the 
mucosal TG is in pool A (P < 0.01 as compared to group 
C rats). As the turnover rate of the TG in pool A at the 
steady state, i.e., chylomicron output, is the same under 
both physiological conditions (3 ,5)  it is evident that the 
output rate for TG into the lymph in the group C rats 
should be greater than twice that of the group B rats. 
This is what was found (3, 5) supporting the data pre- 
sented in Fig. 1.  

Although the TG-FA composition was previously 
noted to be modestly different from the FA pool in 
fasting rats (14, 19), an unexpected finding in the pre- 
sent studies was that these differences were even more 
evident in the TO-infused rats (groups B and C) (Fig. 2). 
This was particularly noticeable in the bile duct-diverted 
rats and the TO + PC-infused rats. In these rats the 
percentage of mucosal FA-oleate was -32% of the total 
FA present, considerably less than the percentage of 
TG-FA that was TG-oleate, which was 82-87% (P < 0.01). 
In part, these mucosal, non-oleate FA could come from 

circulating FA (7) that we have shown can enter the 
mucosal cells and subsequently pool B. Another source 
that could contribute non-oleate acyl groups is the chy- 
lomicron remnants whose TG-FA differ from that of 
their parent chylomicron TG-FA (12, 20). Recent pre- 
liminary data from our laboratory suggest that the intes- 
tine takes up (12,21) and metabolizes remnant particles 
(21). The intestine expresses the B-l00/E receptor (22, 
23) so that remnant uptake could be receptor-mediated 
via the apolipoprotein E that is known to be on the 
surface of the remnants (24). In this event, the remnant 
TG could be hydrolyzed by the intestinal alkaline lipase 
(13) to produce FA and monoacylglycerol (13) whose 
composition is enriched in endogenous FA. These endo- 
genous FA have been shown to be transported from the 
intestine via the portal vein (18). One purpose of these 
endogenous FA could be to provide acyl groups of 
varying composition for the synthesis of phospholipids. 

A potential consequence of the FAs that are fluxed 
into the portal vein is that the liver incorporates them, in 
part, into TG and subsequently exports them as very low 
density lipoprotein (VLDL)-TG. The VLDL produced in 
this manner may be a partial explanation of the increase 
in plasma TG seen as a result of cholestyramine admini- 
stration (25). Cholestyramine has been shown to bind 
phospholipids in the intestinal lumen (26) and thus 
would likely lead to an increase in the distribution of 
lipid into pool B as suggested by Fig. 1. The lack of PC is 
suggested to be the cause of the potential increase in 
pool B lipids in the group D rats as pool B is small in the 
group C rats and taurocholate was included in the 
intraduodenal infusion in both groups. Support for this 
thesis comes from studies that show a reduced concen- 
tration of phospholipids in the mucosa of rats fed 
cholestyramine (27). 

As the rapidity with which individual long chain FAs 
acylate partial glycerides is similar (28) and most FAs are 
esterified to TG even when the activity of esterification 
enzymes is reduced (28, 29), increases or decreases in 
the acylation rate for any specific FA cannot account for 
differences in FA and TG-FA composition. A potential 
explanation may be the route of entry of the FA. FAs 
entering by the apical pole of the cell have been shown to 
be rapidly esterified to TG (30). Similarly, FAs entering 
the basolateral portion of the enterocyte can also be 
extensively esterified to TG (7). The proportion by 
which esterification occurs on entry from the basolateral 
surface is dependent on the method of FA presentation, 
however. When the FA is given intravenously as a bolus 
bound to albumin, the majority of the mucosal FA are 
esterified to phospholipids, not TG, and considerable 
oxidation occurs (31). By contrast, when the FA is given 
intravenously until a steady state is reached, the great 
majority of the mucosal FA are esterified to TG (7). 

2410 Journal of Lipid Research Volume 36, 1995 

 by guest, on June 17, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


These data are confirmed by experiments in Caco-2 cells 
in which the majority of the radiolabeled FA entering 
the cell from either the apical or the basolateral pole 
becomes esterified to TG (32,33). 

There are two likely explanations for the alteration in 
the composition of the mucosal FA pool as compared to 
the TG-FA pool. First, it is known that circulating FA can 
flux into the enterocyte and contribute to the FA pool 
(7). The proportion of the FA that are oleate is likely to 
be in the same proportion as that found to be in the 
circulation, 28% during the intraduodenal infusion of 
TO, 135 pmol/h (18). Second, chylomicron remnants 
also enter the basolateral portion of the enterocyte and 
their TG-FA composition also differs from that of their 
parent chylomicrons (12, 20). These TG undergo hy- 
drolysis (M. Soued, C. M. Mansbach, 11, unreported 
observations) and thus would release FA whose oleate 
composition differs from that of TO. 

Recent work by Yang, Kuksis, and Myher (34) suggests 
that TG synthesized from phosphatidic acid, i.e., from 
de novo synthesized glyceride-glycerol, is first hydro- 
lyzed to sn-2-monoacylglycerol and then re-acylated to 
TG. As its glyceride-glycerol is synthesized de novo, it is 
likely that TG synthesized via the phosphatidic acid 
pathway would enter pool B to a greater extent than TG 
synthesized from dietary-derived glyceride-glycerol. It is 
clear, however, than TG synthesized from FA in the 
absence of dietary monoacylglycerol can be adequately 
transported into the lymph as chylomicron TG (35). E l  
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