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Tepperman et aE. (1) described a greatly TABLE I. Composition of the Diets. 

Diet (%) 
increased ability of rats to convert carbohy- 
drate to fat when the animals were meal-fed. 
Leveille ( 2 )  found that high-fat diets Ingredient MCT LCT 
markedly depressed this lipogenic response to 
meal feeding in rat adipose tissue. However, 

al. (4) found that the ingestion of a high-fat 

(MCT), triglycerides of 8- and lecarbon 

20.2 20.2 
51.3 51.3 

- 10.4 
diet containing medium-chain triglycerides Oleo Partially Oil hydrogenated - 10.4 

Casein 

MCT Kritclhevsky and Tepper ( 3 )  and Leveille et 21.1 - 

soybean oil 
fatty acids, enhanced lipogenesis in the rat. Safflower oil 1.0 1.3 

acids and their rapid hepatic oxidation appar- Fiber 2.0 2.0 
The portal absorption of medium-chain fatty dxturea 4.0 4.0 

ently give MCT some metabolic properties Vitamin mixtureb 0.35 0.35 
similar to those of carbohydrate. According- a-Tocopherol, 33 % 0.015 0.015 
ly, feeding an MCT diet reduced plasma lip- Oleurn percomoPphum 0.015 0.015 
id levels in patients with dietary fat-induced a and Foster (15) w i ~  ppm added as 
hyperlipemia ( 5 ) ,  similar to the effect of 
feeding a high-carbohydrate diet (6) 

If MCT differs markedly from LCT in its 
effect on lipogenesis in the meal-fed rat, the 
levels of blood glucose, nonesterified fatty ac- 
ids, triglycerides, and ketones in the blood of from 8 to a.IT1. and from to P.m. 
meal-fed animals fed MCT or LCT diets also 
should differ markedly- The present study 
investigated the effect Of MCT and LCT On 
the blood levels of these metabolites in meal- 
fed rats. 

NaF. 
Sarett and Snipper (16) ascorbic acid omitted. 

temperature (250) .  Water was 
available ad Jibiturn. The meal periods were 

weeks of the dietary regime, the 
animals were treated in the following man- 
ner. Five rats from each group were sacrificed 
at a.m., just before the morning meal 
hour, five at  9 a.m. and five each at  1101 and 

After 

lMethods and IMateriaZs. Wistar rats? 
weighing 140 '0 16' !?7 were divided ran- 
domlY into two groups fed either an MCT Or 

an LCT diet* The diets I) supplied 
about 40% Of as fat and about 16% 

11 a.m. and 2 p.m. These rats received pento- 
barbital (60 mg/kg) intraperitoneally 15 min 
before they were sacrificed by desanguina- 
tion (7).  Blood was drawn from the heart in 
heparinized syringes and placed in cold, hep- 

of calories as protein. The animals were ac- 

rats were housed in individual galvanized 

1 Obtained from Harlan Industries, Indianapolis, 

arinized centrifuge tubes. A l-ml sample of 

determination; the remaining blood was ten- 

fatty acid and triglyceride determination. 

customed to a two-meal-a-daY SChedule. blood was immediately removed for ketoacid 

screen-bottomed cages in a trifuged and the plasma was removed for 

Indiana. Two subgroups of 8 rats fed the MCT diet 
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TABLE 11. Glusose Tolerance of Rats Bled Once 
and of Rats Bled Repeatedly from the Orbital 

Plexus. 

Blood glucose (mg/100 ml) 

After glucose Single Repeated 
dosage" (hr )  bleeding bleeding 

0 6 5 4  5 ( 4 ) b  
0.5 116 5 1 3  (4) 1 2 7 5  15 (4) 
1 105 2 13  ( 5 )  114 -e 19 (4) 
2 7 5 4  6 ( 5 )  8 2 t  10 (4) 
3 67 4 11 ( 5 )  74t 9 (4) 

a One g of glucose/kg of body weight as a 50% 

* Means given with standard deviation ; riuinber 
solution. 

of animals is given in parentheses. 

and 6 rats fed the LCT diet were selected 
for blood glucose determination. At each of 
the sampling times, blood was drawn from 
the orbital plexus of each rat and analyzed 
for glucose. Glucose was measured by a glu- 
cose oxidase method? 

Justification for taking replicate blood 
samples a t  hourly intervals from the same 
rats is provided by the data shown in Table 
11. There was little difference between the 
oral glucose tolerance of 4 rats bled repeated- 
ly, 5 times in 4 hours, and that of rats bled 
only once each. 

Plasma nonesterified fatty acid (NEFA) 
levels were measured by a modification of the 
colorimetric adaptation by Mosinger (8) of 
the method of Dole and Meinertz (9) .  Plas- 
ma triglycerides were estimated by the meth- 
od of Jagannathan (10). Palmitic acid and 
tripalmitin3 served as respective standards. 

Concentrations of acetoacetate and p-hy- 
droxybutrate in protein-free filtrates of blood 
were determined using a salicylaldehyde 
method (11,12). 

Results. The most noticeable difference in 
blood glucose levels between the MCT and 
LCT groups occurred a t  8 a.m,. before the 
meal (Table 111). The fasting blood glucose 
levels of the MCT-fed rats were only 7570 of 
those of the LCT-fed rats. Although the rats 

2 Glucostat, Worthington Biochemical Corp., Free- 

3 Obtained from Hormel Tnsti,tute, Austin, Min- 
hold, New Jersey. 

neso ta. 

fed the MCT diet showed a greater rise in 
blood sugar after the meal, the blood sugar 
levels of the MCT-fed rats were always lower 
than those of the LCT-fed rats. The blood 
glucose values within each group at  11 a.m. 
and 2 p.m. were similar, suggesting that a 
steady state had been a t  least temporarily 
attained. 

The fasting NEFA levels of the MCT-fed 
rats were significantly higher than those of 
the LCT-fed rats (Table 111). After the 
meal, no significant differences were noted. 

Plasma triglyceride levels for both the 
LCT-fed and MCT-fed rats were similar be- 
fore the meal (8  a.m.) and shortly after it (9 
and 10 a.m.) (Table 111). However, the 
plasma triglyceride level of the MCT-fed rats 
decreased thereafter, whereas that of the 
LCT-fed rats remained elevated. These ob- 
servations are probably related to the more 
rapid and complete digestion of MCT as well 
as its portal transport primarily as free 
fatty acids (13). LCT, on the other hand, is 
released into the general circulation more 
slowly and is transported principally through 
the lymphatic system as triglycerides. 

In both groups the blood concentrations of 
P-hydroxybutyrate were elevated in the fast- 
ing state and decreased following the meal 
(Table 111). The blood acetoacetate concen- 
tration of fasted MCT-fed rats was signifi- 
cantly higher than that of fasted LCT-fed 
rats and fell precipitously after the MCT 
meal (Table 111). Only a slight fall in the 
acetoacetate concentration was observed after 
the meal in the LCT rats. 

The total ketone level (P-hydroxybutyrate + acetoacetate) was higher in the fasting 
MCT-fed rats, but not significantly so (Table 
111). Feeding the meal effected a large de- 
cline in the blood total ketone levels in the 
rats of both groups. Large variation within 
both groups at  most time periods may have 
masked real differences. By 2 p.rn., the level 
of each of these three blood constituents was 
practically identical for the MCT-fed and 
LCT-fed rats. 

Discussion. Muiruri and Leveille (14) 
found that rats ingesting two 1-hr meals/day 
consumed as  much as control nibbling ani- 
mals fed ad libitum, but gained more weight 
and exhibited the enhanced rate of lipo- 
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TABLE 111. Metabolite Levels in the Blood of Meal-Fed Rats Fed MCT or LCT Diets." 

a.m. 
Dietary 

Metabolite f a t  8 9 10 11 2 p.m. 

Blood glucose MCT 56 t 6' 
(mg/100 ml) LCT 75 -I- 10 

p valueb c0.005 

Plztsma NEFA" MCT 1.33 t 0.12 
(meq/liter) TJCT 0.79 t 0.23 

p value <0.005 

Plasma triglycerides MCT 62 42 
(nig/lOO nil) LCT 52 5 3 5  

p valuc 11s 
Blood ketoacids 

pHBAd (,.moles MCT 0.65 t 0.43 
/ml) LCT 0.42 & 0.25 

p value nfs 

AA@ (pmoles/ml) MCT 0.29 k 0.14 
LCT 0.08 2 0.04 
p value <0.025 

Total (&moles/ MCT 0.94 & 0.55 
ml) LCT 0.50 k 0.28 

p value ns 

83 -+ 1 0  
8 6 k  8 

ns 

0.83 & 0.18 
1.085 & 0.34 

ILS 

42 & 23 
46 2 36 

ILS 

0.34 t 0.24 
0.11 -t- 0.04 

ns 

0.14 k 0.08 
0.05 t 9.02 

ns 

0.49 & 0.31 
0.17 +_ 0.04 

ns 

8 1 t  9 
90 -f 13  

ns 

0.60 & 0.210 
0.79 4 0.20 

ns 

133 ? 39 
113 & 35 

ns 

0.21 t 0.09 
0.13 _t 0.03 

0.07 & 0.03 
0.04 f 0.03 

ns 

0.28 & 0.12 
0.17 0.03 

ns 

11 s 

89 2 12 
104 +_ 14  

ns 

0.74 +_ 0.26 
0.87 & 0.46 

ns 

62 & 28 
89 & 25 

ns 

0.20 L- 0.09 
0.13 2 0.02 

ns 

0.08 k 0.02 
0.03 +_ 0.02 

<0.005 

0.29 & 0.08 
0.16 zk 0.03 

<0.025 

91 2 11 
104 & 15 
<0.05 

0.69 2 0.22 
0.64 & 0.19 

ns 

45 & 1 3  
103 & 37 

< O . O l  

0.14 t 0.13 
0.14 t 0.12 

ns 

0.07 2 0.02 
0.06 t 0.02 

ns 

0.21 k 0.16 
0.20 t 0.12 

ns 

a Meals were fed from 8 t o  9 a.m. and from 4 to 5 p.m. daily. 
Statistical analysis by Student's t test; ns = not  significant. 
Plasma nonesterified fat ty  acids. 
p-Hydroxybutpric acid. 
Acetoacetic acid. 

1 Mean given with standard deviation. 

genesis typical of animak meal-fed a low-fat 
diet. Thus, the feeding regimen used here is 
valid. 

The significance of the difference between 
the effects of MCT and LCT diets on lipo- 
genesis in meal-fed rats (3, 4) extends to the 
effects of MCT and LCT on the indicators of 
intermediary metabolism studied here. The 
higher ketoacid and NEFA levels and lower 
glucose levels of the fasted MCT-fed rats 
(Table 111) suggest that before the meal the 
MCT-fed rats were in the postabsorptive 
state longer than the LCT-fed rats and that 
fatty acid oxidation provided a greater pro- 
portion of the fasting energy requirements of 
the MCT-fed rats than of the LCT-fed rats. 
Moreover, plasma triglyceride levels indicate 
more rapid clearing of triglyceride after an 
MCT meal and a faster return to the postab- 
sorptive state. 

The MCT-fed rats showed a rapid decline 
in NEFA levels and a greater relative and 
absolute rise in blood glucose levels over the 
meal hour. These results suggest a sharper 
transition from a fasting to fed energy econo- 
my in the MCT-fed animals. 

Summary. Male rats were accustomed to a 
two-meal-a-day feeding pattern of diets con- 
taining either medium-chain triglycerides 
(MCT) or long-chain triglycerides (LCT) . 
Fat comprised 40% of calories in these diets. 
Before the morning meal, rats fed the MCT 
diet had higher blood ketone and plasma 
nonesterified fatty acid levels and lower 
blood glucose and plasma triglyceride levels 
than the LCT-fed rats, suggesting that the 
MCT-fed rats may have been in the postab- 
sorptive state for a longer time. 

After the rats received the morning feed- 
ing, the MCT-fed rats showed a rapid decline 
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in plasma NEFA levels and a greater rise in 
blood glucose levels than LCT-fed rats. The 
high fasting blood ketone levels decreased in 
both groups, but the MCT-fed rats main- 
tained a higher level than the LCT-fed rats 
even after the meals. 

Postprandial hypertriglyceridemia was ob- 
served in both groups. However, in the MCT- 
fed rats the triglyceride level returned to the 
fasting level by 2 hr after the meal; whereas 
the hypertriglyceridemia was sustained for a t  
least 5 hr after the meal in the LCT-fed 
rats. This finding probably relates to the 
more rapid and complete digestion of AfCT 
compared to LCT. 

The author acknmowledges the helpful suggestions 
of Dr. H. P. Sarett. 
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