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Methods
We asked female college students to participate in the experiments. 

They were recruited if there were no health problems such as diabetes, 
hypertension or not serious diseases experienced in the past. They did 
not smoke in the past. We also excluded people who took drugs for 
dyslipidemia, hyperglycemia, or hypertension. The backgrounds of 
participants are shown in Table 1.

We collected blood samples early morning. Participants were asked 
not to eat anything after 23.00 PM the previous evening. We obtained 
an informed consent prior to conducting the protocol which had been 
approved by the Ethical Committee of Showa Women’s University.
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Abstract
Background: There have been numerous studies showing that the administration of glucose improved memory and other brain functions. Practically no study has 
been reported on the effect of sucrose administration on brain functions in humans.

Methods: Female college students are given 500 mL solutions containing each 50 g. of glucose, sucrose, fructose or water. Blood was taken at 0.15.30.60.and 120 min. 
later. Uchida-Kraepelin tests were administered before and 30 min. after drinks intake.

Results: Glycemic index of sucrose was 88% of glucose administration. There was a significant increase in the working ability measured by Uchida-Kraepelin test after 
the administration of sucrose. There was a tendency for increase in the working ability after sucrose, glucose or fructose administration but not statistically significant.

Conclusion: Sucrose administration improved the working ability of young females possibly not only by transport of glucose into the brain but the increased activity 
of the brain hedonic sites by the stimulation of sweet receptors, T1R 23. 

Introduction
It has been shown from animal studies that increased blood 

glucose levels are associated with improved memory and attention. 
Previous studies have found human memory to be facilitated by the 
administration of glucose [1].

There was a significant correlation between blood glucose values 
and the number of words recalled. Those whose blood glucose levels 
were increasing remembered significantly more words than those 
whose blood glucose levels were falling [2].

Extensive evidence indicates that relatively modest increases in 
circulating glucose concentrations enhance learning and memory 
processes in rodents and humans [3]. In rats, systemic injections 
of glucose enhance learning and memory under many conditions. 
Although sucrose is degraded to glucose in the intestine and glucose is 
transported to the blood, no systematic studies have been carried about 
as to the effects of sucrose on brain function [4].

We have recently shown by using Morris maze experiments that 
sucrose enhanced memory of rats more significantly than glucose 
although glucose tended to enhance memory [5,6]. We wanted to find 
out effects of the intake of glucose or sucrose on the working ability 
using Uchida-Kraepelin tests by which we could measure the working 
ability of participants.
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Age 21 ± 1
Height(cm) 157.3 ± 6.1
Weight (kg) 50.3 ± 5.5
BMI (kg/m2) 20.3 ± 1.5
Energy intake (kcal) 1823 ± 358
Protein intake (g) 65.9 ± 17.1
Lipids intake (g) 63.1 ± 16.2
Carbohydrate intake (g) 236.1 ± 42.9

Table 1. Background of participants(n=35)
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Healthy participants were given self-administered diet history 
food frequency questionnaires based on food groups by recollection of 
diets they took. From these questionnaires, we calculated the intakes of 
energy, carbohydrate, fat, and protein.

Blood glucose levels were measured by using a finger stick 
(TERUMO kit). 

Experimental schedules

At 9 AM in the morning, blood was taken from fasting participants. 
They took Uchida-Kraepelin tests and drank 500 mL of solutions 
containing 50 g. of sucrose, glucose of fructose or else 500 mL of water. 
15 min. after taking drinks, they participated in Uchida-Kraepelin tests, 
then 30, 60, 120 min. after taking drinks, their bloods were taken.

Figure 1 shows the experimental schedules. We took blood at 0 
min and measured blood glucose levels. Participants were engaged in 
Uchida-Kraepelin test and they took 500 mL solution containing 50 g 
of either glucose, fructose or sucrose. As a control they took 500 mL 
of water.

Uchida-Kraepelin test [7]

There are numbers of a digit lined. Two numbers lined together 
are added. The number of the higher digit is described. This procedure 
is repeated for 1 min. Then the addition of numbers of the second line 
is performed. and repeated for 15 min. The total numbers added are 
calculated. and compared before and after the experiment.

The working duty of 1 min. was repeated 15 times then drinks were 
taken. After blood measurements at 30 min. tests were repeated. 

Results
Figure 2 shows the working ability of participants after taking 

glucose, fructose, sucrose or water. The intake of glucose or fructose 
tended to increase the working ability, but sucrose intake resulted in a 
significant increase in the working ability.

Participants calculated numbers in 15 min. The number of 
calculations was added. The difference of the numbers of calculations 
before and after drinks intake was considered a working ability. 

Figure 3 shows changes in blood glucose levels after sugar 
intakes. Blood glucose levels significantly increased after glucose or 
sucrose intakes. Blood glucose levels did not increase after fructose 
intake. Although sucrose contains 50% of glucose in the molecule, 
blood glucose levels increased more than 50%. When glycemic index 
was calculated for sucrose, it was 88 % of glucose. Figure 4 shows 
relationship between working ability and blood glucose levels. 

We compared the working ability and blood glucose levels of all 
participants at 30 min. after the administration of sugars or water.

The working ability of participants tended to increase when blood 
glucose levels increased, but there was no statistical significance. There 
was no significant correlation coefficient (=0.53) between blood glucose 
levels and the working ability after taking drinks.

When the relationship between the working ability and blood 
glucose levels after drinking glucose, fructose, sucrose or water measured, 
there were no significant relationships between the working ability and 
blood glucose levels. No correlation coefficients were found between the 
working ability and blood glucose levels after each drink (Figure 5).

Discussion
It is well established that glucose is a major fuel of the brain and 

transported across the cell membranes by facilitated diffusion mediated 
by glucose transporter proteins [8]. Injections of glucose have been 
shown to enhance memory in a variety of tasks [9-16]. Sucrose is 
composed by glucose and fructose and degraded to its components in 
the intestine and glucose is absorbed into the blood. 

We have administered sucrose or glucose to young and old men 
and found that glycemic index in response to sucrose was 82.8% Figure 1. The schedule of experiments
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Figure 3. Time courses of blood glucose levels after taking each drink (C: Control; G: 
Glucose administration; S: Sucrose administration; F: Fructose administration; c: G, S vs. 
C, f: G, S vs. F)

Figure 2. The working ability after each drink (The working ability after each drink was 
examined by Uchida-Kraepelin test. C: Control; G: Glucose administration; S: Sucrose 
administration; F: Fructose administration)
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compared to that of glucose in the younger men and 73.5 % in the 
older men. These results mean that sucrose administration increases 
significantly blood glucose levels [17]. These results were obtained by 
the administration of sucrose or glucose to young and old women [18].

So far, no research has been performed about the effects of sucrose 
administration on the mental activity. 

As indicated before we reported using Morris maze experiments that 
sucrose, but not glucose administration improved memory of rats [5,6].

We used Uchida-Kraepelin test to know about the working 
ability and found that sucrose administration resulted in significant 
increase in the working ability of young women. Although there was 
a tendency for the working ability to increase after glucose or fructose 
administration, but statistical significance was shown.

Since there was a tendency for the working ability to increase after 
the administration of fructose although slight increase in glucose levels 
was seen, we thought that sweet taste may contribute to increase in the 
working ability.

It has been shown that the stimulation of sweet taste resulted in 
increase in dopamine release in N. Accumbens and caused hedonic 
responses [19]. Fructose receptors of the tongue are T1R 2 3, which is 
the same for sucrose receptors [20].

We examine how blood glucose levels influenced the working 
ability after the administration of sugars. Figures 3 and 4 show that 
although there was a tendency for increase in the working ability after 

sugar administration, no statistical significance was obtained about 
correlations between them.

These results suggest that although glucose increases the working 
ability, the role of sweet taste in this ability may not be ignored.

Statistics
The results are presented as means ± SD. Statistical significance of 

the differences between groups was calculated according by one-way 
ANOVA. When ANOVA indicated a significant difference (P<0.05), 
the mean values of the treatment were compared using Tukey’s least 
significant difference test at P<0.05. Spearman’s correlation tests were 
used to examine statistical significance.
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