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Laboratory rats which have not been ex- 
posed to high-fat diets have usually been 
used to measure the rates a t  which test meals 
of fat (triglyceride) can be digested and 
absorbed (1-7). Published values for the 
rates of fat absorption obtained under these 
conditions (1-7) are only high enough to 
account for about half the energy required 
for rapid growth. However, it is known (8, 9) 
that diets providing far more than 50% of 
calories as fat can support rapid growth in 
the rat. Apparently, briefly starved rats, 
when given a 100% fat meal, do not absorb 
the fat as rapidly as do growing rats fed a 
nutritionally complete high-fat diet. The 
present study sought first to test out this 
inference. The study also indicated how 
promptly, after first receiving a high-fat diet, 
do rats become able to absorb fat a t  the rate 
required for rapid growth. 

Used in a part of this study was the non- 
ionic surface-active agent, WR-1339, former- 
ly called Triton (an oxyethylated tertiary 
octylphenol polymethylene polymer). This 
drug inhibits the removal of triglyceride from 
the blood and thus induces hyperlipemia 
( 10). Evidence is presented that the response 
of blood lipids to this drug may be used to 
estimate the rate of fat absorption under spe- 
cial conditions. 

Medhods. Net fat absorption was measured 
under the following three conditions: ( i)  in 
starved animals given a test meal of fat; (ii) 
in growing animals fed a high-fat diet ad 
libitum ; (iii) in starved animals provided for 
24 hr with the same high-fat diet. Olive oil, 
one of the dietary fats known to be most 
readily digested and absorbed by the rat (5, 
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6 ) ,  was used for the 100% fat meal. The 
high-fat diet contained the following (g/lOO 
g) : partially hydrogenated vegetable oil 
(Crisco), 67; lactalbumin, 2 5 ;  vitamin mix 
in glucose,2 2 ; and Jones-Foster (1 1) salt 
mix, 6 .  The Crisco contributed 85% of calo- 
ries. 

Male animals of a Wistar-derived stock 
were obtained commercially for these 
studies3 They were fed a moderately low-fat 
chow diet for at least 1 week.* Animals desig- 
nated as “starved” were deprived of food for 
22 hr. Either olive oil or high-fat diet was 
then made available a t  the end of a short 
metal tunnel from which food could not easi- 
ly be scattered. Olive oil was offered in an 
amount of 7.5 g/kg of body weight. This is a 
larger amount than is usually tube-fed in 
absorption studies and more than most of our 
rats would consume in several hours. The 
high-fat diet was fed ad libitum for 24 hr. 
The “ad Zibaum fed” animals received the 
high-fat diet for an 11-17 day period. 

Net fat absorption was determined by 
measuring how much fat was ingested and 
how much of the latter could be accounted 
for in feces and as extra total (mostly este- 
rified) fatty acids in the digestive tract. In 
studies involving the refeeding of starved 
rats, the digestive tracts were dissected out 
intact, and the combined total fatty acids 
(TFA) of the tract and ingesta were mea- 
sured. This measurement was made for con- 

2 Vitamin Diet Fortification Mixture, Nutritional 
,Biochemicals Corporation, Cleveland, Ohio. 
3 A “specific pathogen-free” Wistar-derived stock 

was obtained from Manor Research, which has been 
reorganized as Purina Laboratory Animals. 

D and G Research Animal Laboratory Diet, Rat 
and Mouse baked biscuit, the Price Wilhoite Co., 
Frederick, Maryand. 
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trol animals, which had been starved for 22  
hr, and for test animals which were killed 
after a specified period of refeeding. The ex- 
tra TFA above control levels was converted 
to grams of unabsorbed fat on the basis that 
1 g of olive oil or Crisco yielded, respective- 
ly, 3.45 or 3.40 mmoles of TFA. In  the study 
involving ad libitum consumption of the 
high-fat diet, diet intake was measured and 
feces were collected during the final 96 hr of 
the 11-17 day feeding period. The digestive 
tracts were assumed to have contained essen- 
tially the same quantity of fat a t  the begin- 
ning and end of the test period. Fat intake 
was corrected for fecal lipids, and the differ- 
ence was taken to represent net fat absorp- 
tion. 

The estimated fat absorption of each ani- 
mal was adjusted to a common basis, i e . ,  a 
body weight of 250 g. This correction, which 
was usually less than 4%, was carried out on 
the basis that fat absorption is directly 
related to body surface ( l ) ,  as estimated by 
Lee’s formula (12). 

The above method of estimating fat ab- 
sorption tended in two ways to yield low 
values. First, it failed to include the “en- 
dogenous” component of fat absorption, e.g. ,  
of fatty acids brought into the digestive tract 
in bile, Secondly, fatty acids were not iden- 
tified as absorbed until they had passed out 
of the intestinal wall into the blood. 

Two portions of the study involved mea- 
surement uf the response of blood lipids to 
WR-1339 at specified intervals after olive oil 
was fed. The drug was obtained from Ruger 
Chemical Co., Irvington-on-Hudson, New 
York, and was diluted with 0.16 N NaCl. I t  
was injected into a lateral tail vein at a dose 
of 400 or 800 mg/kg and in a volume of 2 or 
4 ml/kg. Bloods were obtained by decapita- 
tion and collected in heparinized beakers. 

Fecal lipids were extracted after an acid 
hydrolysis of nonlipid material and deter- 
mined gravimetrically ( 13). Plasma total fat- 
ty acids and those in the neutral lipid frac- 
tion were determined by standard methods of 
extraction, saponification, and titration ( 14, 
15) .  The total fatty acids of the digestive 
tract were also determined by a similar 
procedure, after tracts were dispersed in 
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FIG. 1. Neutral lipid fatty acids of plasma ( p -  
moledml) at  specified intervals after the start of the 
fat meal, either 20 min after the iv injection of 
WR-1339 (0) or in untreated animxls (X).  

methanol by use of a Virtis homogenizer and 
further extracted through the addition of 
chloroform. 

Results. Preliminary studies were carried 
out to determine a time after the offering of 
olive oil when fat absorption was relatively 
rapid and constant. 

In a first experiment, rats were decapitated 
or injected iv with 400 mg/kg of WR-1339 
at  specified intervals after the olive oil was 
offered. The fatty acids of the neutral lipid 
fraction of blood plasma were then measured 
at  0 and 20 min after the injection of WR- 
1339. Results, as shown in Fig. 1, indicated 
that, even without receiving WR-1339, rats 
became severely lipemic. The rate of accumu- 
lation of plasma lipid after an injection of 
this drug appeared to increase for several 
hours after the start of the test meal. Results 
were interpreted as indicating a lag in fat 
absorption. 

The rate of lipid accumulation after WR- 
1339 treatment was further investigated dur- 
ing the 4-8 hr interval after the start of the 
olive oil meal (Table I ) .  In  this study, ani- 
mals were given a larger dose (800 mg/kg) 
of WR-1339 and were allowed a longer time 
in which to accumulate blood lipid (80 min) 
than in the previous work. Initially, we were 
unable to measure the response to WR-1339 
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TABLE I .  Accumulation of Total Fatty Acids in Plasma of WR-1339-Trentril Rats During 
4-8 h r  Interval After Start of a Fat Meal." 

Plasnia total fatty acids (pmoles/nil & SE)b 
Time Interval (hr) 

after start of Final 
fat  meal Starting" (80 iiiin post-WR) A ccum ula t i o n 

4b-5.3 3 28 k 5.1 
5.3 3 '-6 .G 7 27 L- 3.5 

Av 

6 .G7b-8 20 * 4.3 
- 

04 t 6.3 
100 2 4.0 
95 -c- 4.2 
- 

66 
7 3  
75 

71 

100% olive oil. 
Standard error. 

" A t  start of each time interval, blood was taken from six rats; and WR-1339 was injected 
into 8 other rats which were then killed 80 niin later. 

under these conditions, because we could not 
obtain a representative sample of the ex- 
tremely fatty blood plasma. The problem was 
clumping of the chylomicrons during centri- 
fugation in the cold. This problem was 
solved, however, by collecting and centrifug- 
ing bloods at  room temperature, and total 
fatty acids (TFA) were then measured. Data 
shown in Table I indicated that the rate of 
TFA accumulation after WR-1339 treatment 
was relatively constant during the 4-8 hr in- 
terval and averaged 71 pmoles~ml/80 min. 

The net absorption of fatty acids from the 
digestive tract was observed during the first 4 
and 8 hr after the start of the test meal of 
olive oil. Results are shown in Table IT. 
Again, there appeared to be a delay in the 
rate of net fat absorption. During the second 
4 hr period, absorption was calculated to 
have occurred at  a rate of almost 4 g of olive 
oi1/24 hr/250 g rat. 

In a further experiment, net fat absorption 
was estimated during the final 96 hr of a 
11-17 day period of ad libitum consumption 
of the high-fat (67% Crisco) diet. These ani- 
mals showed as rapid growth as did two other 
groups which received, respectively the pre- 
viously mentioned chow diet and a modifica- 
tion of the high-fat diet (in which the lactal- 
bumin was increased from 25 to 32.2% at  the 
expense of Crisco). Table I1 shows that non- 
fasting animals fed the 67% Crisco diet ab- 
sorbed fat a t  a rate of 5.8 g/24 hr/250 g 
rat-nearly 50% faster than was observed 
during the 4 to 8 hr interval after the test 
meal of olive oil. 

The net absoption of fat from the intes- 
tinal tract was also measured in 2 2  hr fasted 
animals which were provided the same 67% 
Crisco diet for a 24 hr period. These animals 
consumed the diet a t  a higher rate than did 
the steadily growing group, and they showed 
a still higher net rate of fat absorption-7.4 
g/24 hr/2 50 g animal. 

Discussiolp. Present data provide a basis 
for comparing, under the same conditions, 
the net rate of fat absorption from the intes- 
tinal tract and the rate of fat accumulation in 
WR-1339-containing blood plasma. During 
the 4-8 hr interval after the start of the olive 
oil meal, plasma total fatty acids rose 
after WR-1339 injection many times as rap- 
idly as have been reported for fasted animals 
( 16, 17). The observed accumulation of total 
fatty acids (71 pmoles,/80 min/ml plasma) 
was assumed to apply to the 250 g rat having 
a 10 ml plasma volume. If one makes a 
simplifying assumption, namely that the ac- 
cumulating lipid was derived entirely from 
the digestive tract and was completely 
trapped in the plasma by WR-1339, the plas- 
ma data indicates an absorption of olive oil 
a t  a rate of 3.7 g/24 hr/250 g rat. This 
calculated rate is not different from the di- 
rectly observed rate of net absorption (3.9 
g/24 hr/250 g rat). 

The above finding implies that, under a t  
least some conditions, the plasma response to 
WR-1339 provides a useful indirect measure 
of fat  absorption. However, caution is needed 
in using WR-1339 for this purpose. The 
problem derives from the mode of action of 
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WR-1339. 
WR-1339 is believed to absorb onto serum 

lipoproteins or chylomicrons, rendering them 
unsuitable substrates for the hydrolysis of 
triglyceride by tissue lipoprotein lipase (10). 
This reaction with chylomicrons appears to 
take at  least 30 min to reach completion in 
vivo and even then does not entirely prevent 
the disappearance of chylomicron triglyceride 
from the blood (18). Apparently, WR-1339 
is relatively ineffective in entrapping chylo- 
micron triglyceride under conditions in which 
this lipid molecule has a short biological half- 
life. 

In the present study, animals fed olive oil 
became severely lipemic. Apparently, 
mechanisms for extracting triglycerides of 
chylomicrons and lipoproteins were overload- 
ed. Animals were also found (data not 
shown) to have high plasma free fatty acids, 
a condition known to inhibit synthesis of 
tissue lipoprotein lipase (19). Apparently, for 
these reasuns, WR-1339 was moderately 
effective in entrapping chylomicron trigly- 
ceride in the blood plasma. However, there 
are reports that a small fat  meal or the sub- 
stitution of some dietary fat for carbohydrate 
in a test meal may fail to speed the accumu- 
lation of plasma lipid after WR-1339 treat- 
ment (16, 1 7 ) .  

The present study confirmed the tentative 
inference from previous studies that, when 
starved briefly and fed fat alone, previously 
chow-fed rats do not absorb dietary trigly- 
ceride as rapidly as do growing animals re- 
ceiving a high-fat diet. I t  was further shown 
that the relatively slow absorption of a fat 
meal is not due to the previously chow-fed 
animal being unable to absorb fat rapidly 
(Expt. 3 ) .  Nonlipid components of the high- 
fat diet appear to have contributed to the 
relatively rapid absorption of its fat content. 
The protein and perhaps also other ingredi- 
ents brought about an increased fat consump- 
tion, an effect known to enhance fat absorp- 
tion (1, 2 ) ,  and may have facilitated micelle 
formation in the small intestine. The massive 
intake of the high-fat diet by starved ani- 
mals appears to have been responsible for the 
particularly high rate of fat absorption ob- 
served in these animals. 

The rate of absorption of a 100% fat meal 
observed in this study was larger than some 
investigators have found (3 ,  4, 6, 7). This 
may reflect special conditions of this study. 
Olive oil was the fat provided. Animals were 
not traumatized by prolonged fasting or by 
being force-fed. The early period of relatively 
slow fat absorption was excluded from the 
interval over which the average rate was mea- 
sured. However, some investigators have re- 
ported rates of fat absorption similar to our 
reported value of 3.9 g/24 hr/250 g rat (1, 
5) .  I t  may well prove possible to obtain still 
higher rates if methods of inducing an in- 
creased fat consumption and, particularly, of 
speeding the movement of fat into the duo- 
denum are worked out. 

Data from the present study indicate that, 
when a briefly starved animal is fed fat, the 
rate of fat absorption increases for several 
hours. The main finding is that, when the fat 
is fed as the main component of a nutrition- 
ally complete diet and is consumed in large 
amounts, animals reach within the first day a 
rate of fat absorption exceeding that re- 
quired for rapid growth during ad libitum 
consumption of a high-fat diet. 

Summary. The net rate of fat absorption, 
following a test meal of olive oil, was found 
to be 3.9 g/24 hr/250 g rat. When WR-1339 
(800 mg/kg) was injected iv into rats simi- 
larly fed olive oil, fatty acids were found to 
accumulate in the blood plasma at  a similar 
rate. These rates, however, were 30% lower 
than that observed during prolonged ad Zibi- 
tum consumption of a high-fat diet and were 
almost 50% lower than that found among 
fasted rats when fed the same high-fat diet. 
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