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SUMMARY 

The influence of the type of dietary carbohydrate  on the in vitro serosal ac- 
cumulation of amino acids in rat intestinal tissue was examined. In addition, the 
hepatic concentrat ion of several classes of lipids was determined. 

r. Food consumption and body weight gains of rats fed raw potato  starch were 
significantly higher than those fed cooked potato  starch, cornstarch, sucrose, glucose, 
or dextrin. Rats  fed sucrose exhibited significantly lower body weight gains than 
those on other treatments.  

2. The in vitro serosal accumulat ion of amino acids was lowest in rats fed raw 
potato  starch and sucrose. These animals also exhibited the greatest and least weight 
of intestinal tissue per unit  of length, respectively. There was little difference between 
other dietary t reatments  in terms of serosal accumulat ion rate, al though the tissue 
of dextrin-fed rats tended to show a higher rate of passage. 

3. Significantly higher levels of total lipid, free cholesterol, and neutral  fat were 
found in the hepatic tissue of rats fed sucrose. There were no t rea tment  differences in 
the levels of total cholesterol, phospholipids, free fat ty acids, or the act ivi ty of glucose- 
6-phosphate dehydrogenase or malate dehydrogenase. 

INTRODUCTION 

Various carbohydrates  are known to elicit different nutri t ional responses in 
experimental animals 1. The type  of dietary carbohydrate  has been shown to affect 
protein utilization s' 3 and the levels of specific serum proteins 4. Physiological changes 
a t t r ibuted to specific carbohydrates,  sucrose in particular, may  partially be due to 
an alteration in the ability of intestinal tissue to t ransport  one or more amino acids. 
I t  was previously proposed 5 that  one of the effects of sucrose was to lower the avail- 
ability of one or more essential amino acids. Individual  hexoses have since been 
shown to affect the absorption of amino acids from the small intestine of the dog*. 
In addition, rats fed either fructose or galactose exhibited defects in the intestinal 
t ransport  of certain amino acidsL 

Increased levels of total  liver lipids, not  noted in animals fed glucose or starch, 

" Published with the approval of the Director, Wyoming Agricultural Experiment Station, 
as Journal Paper No. 476 . 
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have been shown to occur in rabbits fed sucrose as the dietary carbohydrate 8. Changes 
in lipid composition were also noted and appeared to be dependent upon the type of 
carbohydrate and the level of consumption. The replacement of a portion of dietary 
glucose with sucrose has been reported to cause a progressive increase in serum 
cholesterol levels in the human 9. Fructose caused elevated serum and liver triglyceride 
levels in the rat io . However, it was suggested that  the observed changes may be 
influenced by animal age. 

Thus, the physiological effects of carbohydrates, such as sucrose, are generally 
known. However, it is not clear whether a comparison of the type of starch or hexose 
fed would reveal an influence on the subsequent ability of intestinal tissue to transfer 
one or more amino acids. 

The object of this study was to compare several different dietary carbohydrates 
with respect to their influence on the in vitro transfer of amino acids by intestinal 
tissue and on the levels of total liver lipid and its major constituent classes. 

METHODS 

Eighty male Sprague-Dawley rats, weighing 70-80 g, were divided into 6 groups 
with 8 rats per group. The rats were individually fed the experimental diets ad libitum 
for a period of 30-35 days. The dietary carbohydrates consisted of raw potato starch, 
cooked potato starch, corn starch, dextrin, sucrose, and glucose. The basal diet con- 
sisted of wheat gluten, 24 % ; hydrogenated vegetable oil, 5 % ; purified cellulose, 5 To ; 
salt mixture (USP XlV), 4 % ; vitamins in sucrose (Nutritional Biochemicals), i % ; 
and carbohydrate,  61%. 

Food was removed 12 h prior to a transport experiment. One rat  from each 
treatment,  pei day, was sacrificed by decapitation and a 5-6-cm segment of intestine 
was excised from a point 15 cm caudal to the pyloric sphincter. The segment was 
washed with Ringers phosphate buffer (pH 7.4) n, weighed, and an everted Wilson- 
Wiseman sac containing I ml of phosphate buffer was prepared according to the 
technique described previously 1.. The preparation was placed in a 5o-ml erlenmeyer 
flask in IO ml of buffer containing L-amino acids (Mann Biochemicals) at concen- 
trations based upon the approximate levels which would exist in a casein solution 
which is 9 mM with respect to lysine Is. Several preparations from each treatment  
were incubated in buffer only to assess the presence of endogenous amino acids in 
the serosal fluid. 

The flasks wel e gassed with oxygen for 3 ° sec, closed with a sleeve-type serum 
bottle stopper, and incubated under the conditions indicated. At the end of the incu- 
bation period, the serosal contents were collected and dried at IOO ° under a stream 
of dry N 2. We had previously determined 13 that  none of the amino acids under con- 
sideration appeared to be affected by this procedure. Amino acids were determined 
by gas-liquid chromatoglaphy according to the procedure of Coulter and Hahn 14. 

The  transported acids were quanti tated by comparison of peak height and retention 
time with average values obtained from repeated analysis of known quantitat ive 
s tandards  at several different concentrations. 

The livers were excised and total lipids were extracted and purified according 
to Folch et al. is. The yield of purified lipid was determined by weighing. Neutral 
l ipid was estimated gravimetrically after stepwise elution of a portion of the total  
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lipid from a silicic acid column le. Recovery of the other lipid classes appeared to be 
incomplete with this procedure. Therefore, aliquots of the total lipid extract were 
analyzed for lipid phosphorus 17 and free and total cholesteroP s. Free fa t ty  acids were 
extracted from a light petroleum solution of the lipid extract with 0.05 M aqueous 
KOH. The alkaline extract was reextracted with light petroleum after acidification 19. 
The quantities of free fa t ty  acids present were determined by ti tration t°. The activi- 
ties of glucose-6-phosphate dehydrogenase 21 and malate dehydrogenase 22 were also 
determined. 

Analysis of Variance and Duncan's multiple range test 23 were used to identify 
significant differences between all variables measured. During the analysis of known 
standards, lysine appeared to vary in regard to the formation of a quantitative de- 
rivative for gas-liquid chromatography. Therefore, the observed values for all amino 
acids were tested for homogeneity of variance 24 in order to insure that  differences were 
due to treatment and not to variations occurring during the procedure used for de- 
rivative formation. 

R E S U L T S  

Effect of dietary carbohydrates on food consumption and body weight gain 
Animal response to the dietary carbohydrates is shown in Table I. Rats re- 

ceiving raw potato starch exhibited a markedly higher food consumption and gain 
in body weight than animals on other treatments. The food consumption of rats 
fed either cooked potato starch or sucrose was nearly identical, however, sucrose-fed 
rats gained significantly less body weight than either those fed cooked potato starch 
or cornstarch, dextrin and glucose. There was no difference in the food consumption 
of rats fed cornstarch, dextrin and glucose, however, glucose-fed rats exhibited a 
significantly higher gain in body weight compared to those fed cornstarch and dextrin. 

T A B L E  I 

EFFECT OF DIETARY CARBOHYDRATES ON FOOD CONSUMPTION AND BODY WEIGHT GAIN 

T h e  r a t s  w e r e  i n d i v i d u a l l y  fed for  a p e r i o d  of  3 ° d a y s  p r i o r  t o  sac r i f i ce .  V a l u e s  s h o w n  a r e  t h e  
a v e r a g e  for  8 a n i m a l s  p e r  t r e a t m e n t  a n d  t h e  s t a n d a r d  e r r o r  o f  t h e  m e a n .  M e a n s  s h a r i n g  a c o m m o n  
s u p e r s c r i p t  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( P < o . o 5 ) .  

Treatment Food consumption Weight gain 
(g/day) (g/day) 

R a w  p o t a t o  s t a r c h  I8 .23  ± o .75  a 3 .5 I  - -  o .64a  

C o o k e d  p o t a t o  s t a r c h  9 .39  4- o . 5 o b  1.81 + o .39  b 

S u c r o s e  9 .12  4- o .59  b o .57  + o .o6  e 

C o r n  s t a r c h  I 1.13 _- o .75  e 1.15 2z O. lod  

D e x t r i n  11.33 + ° ' 3 6 e  1.49 --- o.o8O 

G l u c o s e  11.45 ~ o .54e 1.91 7~ o . 1 6 "  

Effect of carbohydrates on the serosal accumulation of amino acids 
The final concentrations of amino acids in the serosal medium is shown in 

Table II .  Endogenous amino acids were not detected to any appreciable extent in 
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control  p repara t ions .  Resul ts  for lysine are not  shown due to a var iable  ex ten t  of 
de r iva t ive  format ion  for gas - l iqu id  ch romatography .  All  o ther  amino  acids underwent  
uniform and  comple te  der iva t iza t ion  In all cases, the  lowest amino acid concentra-  
t ions were no ted  in the serosal fluid of ra t s  receiving ei ther  raw po t a to  s ta rch  or 
sucrose as the  d i e t a ry  ca rbohydra te .  Significant differences (P  < 0.05) were found 
for only  val ine and  phenyla lanine ,  however,  a general  pa t t e rn  of concent ra t ion  
differences is evident .  The differences were more pronounced when the ra te  of serosal 
accumulat ion ,  based on the amoun t  of in tes t inal  tissue, were ca lcula ted  (Table I I I ) .  
The average weight of in tes t ina l  segments  of s imilar  length was s ignif icant ly  (P < 
0.05) grea ter  for ra ts  fed raw po ta to  s tarch and  signif icant ly less from animals  which 
had  received sucrose as the  d i e t a ry  ca rbohydra te .  

TABLE V 

E F F E C T  OF D I E T A R Y  C A R B O H Y D R A T E S  ON H E P A T I C  G L U C O S E - 6 - P H O S P H A T E  A N D  M A L A T E  D E H Y D R O -  

G E N A S E  

Values shown are average of 8 animals per treatment and the standard error of the mean. 

T r e a t m e n t  Glucose-6-phosphate Malate dehydrogenase 
dehydrogenase (units/rag liver) 
(units[g liver) 

Raw potato starch 2.38 4- o. 18 2.22 -:- o.i6 
Cooked potato starch 2.Ol + 0.20 1.89 -{- o. i6 
Cornstarch 1.57 + o . i i  1.79 + o. i i  
Sucrose 2.45 -i- o.16 2.Ol + 0.o9 
Glucose 1.52 ± o.15 1.73 + o.Io 
Dextrin 1.68 4- 0.o9 1.9o + o.o6 

The ra te  of serosal accumula t ion ,  for all amino acids, was s ignif icant ly lower in 
t issue from rats  fed ei ther  sucrose or raw po t a to  s tarch.  The  accumula t ion  ra te  was, 
in general ,  s imilar  for ra t s  which had  received the other  d i e t a r y  ca rbohydra tes .  The 
ra te  t ended  to be highest  in ra ts  fed dext r in  and  was s ignif icant ly  higher  in the  case 
of isoleucine, threonine,  and phenyla lanine .  Methionine t ransfe r  was also high in the  
t issue of ra ts  fed cornstarch while none of the  o ther  a m i n o  acids appea red  to show 
this t rend.  

Effect of carbohydrates on the concentration of hepatic lipids 
The amoun t s  of hepat ic  l ipid classes de te rmined  are shown in Table  IV. The 

highest  amoun t s  of to ta l  lipid, free cholesterol,  and  neutra l  fat  were found in l iver  
t issue from ra ts  fed sucrose. No significant differences were a p p a r e n t  in the  concen- 
t ra t ion  of phosphol ipids ,  to ta l  cholesterol,  or free f a t t y  acids. 

Effect of carbohydrates on the activity of liver enzymes 
The act iv i t ies  of hepa t ic  g lucose-6-phosphate  dehydrogenase  and  ma la t e  de-  

hydrogenase  are shown in Table  V. No significant differences in the  level of ac t iv i ty  
of e i ther  enzyme was appa ren t  between the ca rbohydra t e  t r ea tmen t s .  

Biochim. Biophys. Acta, 266 (i972) 444-452 
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DISCUSSION 

It  has been reported 8 that rabbits fed sucrose, particularly as the carbohydrate 
component of low-protein diets, suffered a severe loss in body weight and increased 
liver lipid. A similar response was noted in the case of rats fed sucrose in the present 
study. The markedly low gain in body weight of the animals appeared to be out of 
proportion to food intake when compared to tile response of rats fed cooked potato 
starch since these animals gained considerably more weight with a similar food intake. 
In comparing these results with the findings of other investigators 2, 3, it appears that 
the inclusion of sucrose as the dietary carbohydrate accentuated a caloric imbalance 
which was associated with a lower body weight gain and an increase in liver lipid. 

Raw potato starch has been previously shown to be poorly utilized and causes 
a lowered protein utilization*. The daily food intake of the animals, however, was so 
high that it had the effect of overcoming lowered protein utilization and causing a 
significantly higher gain in body weight. Tile cooking of potato starch has been found 
to improve protein utilization. However, under the present conditions, the final pro- 
duct was of a rather hard, gritty consistency which may have contributed to the low 
food intake of the animals receiving the particular diet. The gains, however, were 
higher than that of rats fed cornstarch or dextrin. The low gains of rats fed sucrose 
thus appeared to be the result of one or more metabolic alterations caused by tile 
carbohydrate. 

The advantages and disadvantages of the everted sac technique for studying 
intestinal transport have been discussed zS. The method yields no information con- 
cerning actual carrier mechanisms involved since the results indicate only the trans- 
location of material across the intestinal epithelium. Nevertheless, a number of 
studies utilizing the method have appeared .6, 27 and, if standard conditions and con- 
trols are used, one can assess the effects of various treatment on intestinal transport 
of various substances. 

In the present study, there appeared, in most cases, to be little relationship 
between the rate of serosal accumulation of amino acids in vitro and the animal 
response to dietary treatment. When the final serosal concentrations were calculated, 
no significant differences existed except in the case of valine and phenylalanine. 
These two amino acids were present in lower concentrations in the serosal fluid of 
preparations from rats fed either raw potato starch or sucrose. The same trend was 
apparent for the other amino acids but the differences were not significant. When 
the rate of transfer was calculated on the basis of tissue weight, however, the lowest 
rate of transfer occurred in tissue preparations of the higest and lowest weights. 
Since the actual amount of each amino acid in the serosal fluid tended to be somewhat 
low in preparations from rats fed raw potato starch, the heavier tissue weight caused 
significantly lower values in terms of transfer rate. Conversely, the low transfer rate 
in the case of rats fed sucrose was the result of both low tissue weight and the small 
actual amount of each amino acid which appeared in the final serosal medium. 

The differences in the weight of the tissue preparations was a reflection of the 
thickness of the intestinal wall since all segments were of similar length. An alteration 
in water content was presumably the primary cause. Unfortunately, this parameter 
was not measured. In animals fed raw potato starch, the rate of serosal accumulation 
appeared to be slower because of the increased thickness of the intestinal epithelium 

Biochim. Biophys. Acta, 266 (x972) 444-452 
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and,  possibly,  an a l te ra t ion  in osmotic  pressure relat ionships.  I t  is possible tha t  the  
slower t ransfer  ra te  m a y  be re la ted  to the  lowered prote in  u t i l iza t ion  caused by  the 
s tarch,  however,  i t  would be difficult to re la te  the  lowered t ransfer  ra tes  to the  high 
food consumpt ion  and  ra te  of gain. 

A rela t ionship between serosal amino acid accumula t ion  and  animal  response 
m a y  exist  in the case of ra ts  fed sucrose since the  low t ransfer  rate  for all amino acids 
was in accord with the  low weight gains. The ra te  of serosal accumulat ion ,  in this  
case, could not  be expla ined  on the basis of the  thickness of the in tes t inal  ep i the l ium 
since the slow t ransfer  rate  occurred in much th inner  prepara t ions .  Thus,  the p roposed  
lower ava i l ab i l i ty  of cer tain amino acids in sucrose-fed ra ts  5 was possibly  re la ted  to 
a lowered rate  of in tes t inal  t ransfer  of essential  amino acids. The overal l  results ,  
however,  appear  to suppor t  the conclusion ~s tha t  ca rbohydra te s  do not  inhibi t  amino 
acid t r anspor t  mechanisms and the observed differences are more p robab ly  the result  
of a l te red  osmotic relat ionships.  

An increase in near ly  all classes of hepat ic  l ipid has been repor ted  in r abb i t s  
fed sucrose s. While  we d id  not  find any  differences in to ta l  phosphol ip ids  or choles- 
terol,  i t  has recent ly  been poin ted  out  t ha t  not  all s t ra ins  of ra ts  r espond  to d ie t a ry  
sucrose in the same manner  m. The response to d ie t a ry  ca rbohydra te s  may  also be 
influenced by  age t° and  species of animal .  Under  our  condit ions,  the increase in to ta l  
l ipid consis ted largely of an accumula t ion  of the neut ra l  fraction.  These results  are 
s imilar  to those recent ly  noted in compar ing  the effects of sucrose and  dext r in  in 
choline-deficient rats  s°. Thus, a l though sucrose m a y  exer t  a deleter ious effect upon 
in tes t inal  amino acid transfer ,  it  appears  tha t  the  more significant effect on growth  
is caused by  the deve lopment  of a metabol ic  pa t t e rn  which causes an excessive ra te  
of hepat ic  lipid synthesis.  An excessive ac t iv i ty  of glucose-6-phosphate  dehydrogenase  
in the liver tissue of sucrose-fed ra ts  has been impl ica ted  in the higher levels of l ipid 
which occur. We did not  note significant differences between t r ea tmen t s  in regard  to 
the levels of glucose-6-phosphate  dehydrogenase ,  a l though there was a slight t r end  
toward  higher levels of ac t i v i t y  in ra ts  fed sucrose. Nei ther  of the  pa t t e rns  no ted  in 
ac t iv i ty  of the  two enzymes appeared  to bear  much rela t ionship to the levels of l ipid 
classes observed.  Al though hepat ic  enzymes m a y  be influenced b y  the type  or a m o u n t  
of d ie ta ry  ca rbohydra t e  to a l ter  l ipid levels, there are o ther  unde te rmined  factors 
which are possibly involved.  In  addi t ion ,  the influence of ra t  s t ra in  and  age m a y  have 
a bear ing upon the re la t ionship of hepat ic  enzyme ac t iv i ty  to the  observed changes 
in the  level of l iver  l ipid and its cons t i tuent  classes. 
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