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Abstract

Background: Effects of sucrose administration on brain functions
were not elucidated well.

Methods: Spatial memory tests were performed for rats using
Morris-maze after administrations of glucose or sucrose. In human,
glucose, sucrose or fructose was given to young women and Uchida-
Kraepelin tests were performed to know the working ability.

Results: In rats, the ratio of stay in target quarter was significantly
larger in rats given sucrose than glucose. In humans, 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 glucose or fructose
administration but not statistically significant.

Conclusion: Sucrose administration improved the memory in
rats and the working ability of young women 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.

I review the works and try to give a hypothesis for the improvement
of brain functions by sucrose.

Keywords: Glucose; Sucrose; Fructose; Glycemic index (Gl) Morris-
maze; Uchida-Kraepelin test; Memory; Sweet receptor; T1R 23

Introduction

The energy requirement of the brain is made possible almost
exclusively by glucose degradation [1].

The energy requirement of the brain is 20-30% of the whole
organism at rest, but its weight is only 2%. Only 30% of glucose is
required for the metabolism of the amino acids, lipids and nucleic
acids [2].

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 [3-6].

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 [7].

Extensive evidence indicates that relatively modest increases in
circulating glucose concentrations enhances learning and memory
processes in rodents and humans [5]. In rats, systemic injections of
glucose enhance learning and memory under many conditions.

Sucrose is degraded to glucose in the intestine and glucose is
transported to the blood, but few systematic studies have been carried
about as to the effects of sucrose on brain function [6,7].

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 [8,9].

We also showed by using Uchida-Kraepelin tests that the
administration of sucrose increased the working ability in young
women. Glucose administration tended to improve the working
ability, but not significant [10].

I now would like to review roles of glucose and sucrose in brain
functions introducing our results in rats and humans.

Examination of Effects of Glucose and Sucrose on
Memory in Rats

Gold PE (1992) used a spontaneous alternation task [11]. The
apparatus is a Y-shaped maze in which rats are allowed to roam freely
for 8 min. As rats move through the maze, they visit the least recently
visited arm for successive entries. The memory component in this
task is that rats remember which arm they have entered most recently
to select a different arm. Rats alternate about 70% under control
conditions.

Young mice alternate at 70% rates, Aged mice show a deficit with
50% chance levels. If aged mice receive glucose injections before
testing, their alternation scores are near 70% values seen in young
mice.

Morris used the delayed matching-to-place task which is an
unusual variant of the water-maze protocols [12].

We used this technique to examine effects of self-administration of
glucose or sucrose on space memory in rats.
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Experimental procedures

Wistar rats aged 11 weeks were trained in water to learn the
location of the platform, Rats learned to reach the target in 15 min.
after 6-12 trials. Rats were given either glucose (2 g/8 mL/kg) or 8 mL
of water intraperitoneally. 24 hours later rats swam in Morris water
maze and the ratio of stay in the target quarter to the rest of the area
were measured. The distance to the target was also compared between
glucose administered rats and control rats.

These results clearly show that sucrose improved memory
consolidation compared with sucralose administration using Morris
maze experiments (Figures 1 and 2).

The Working Ability after Administration of
Glucose, Sucrose or Fructose in Young Women

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.

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.

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).

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 or 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.

We took blood at 0 min. and also measured blood glucose levels.
Participants are 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 [10-13]

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
was performed and repeated for 15 min. The total numbers added
were 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.

Blood levels of glucose were 138 + 23 mg/dL for sucrose
administration, and 143 + 25 mg/dL, for glucose administration,
respectively. Control level (water) was 82 + 8 mg/dL. Glycemic index
(GI) has been introduced by Jenkins and coworkers in 1981 [14-17]
and is defined as the area under the blood glucose curve measured two
hours after consuming 50 g of test carbohydrates in relation to 50 g of
glucose or white bread.

GI was 88 for sucrose, or 16 for fructose administrations,
respectively. Fructose administration did not result in much increase
in GI (Figure 3).

We examined correlation coefficients between blood glucose
levels and the working ability. Although there tends to be increase
in the working ability with increase in blood glucose levels, but not
significant.

Discussion

There were many papers which examined effects of glucose
injections on brain functions [18-25].
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Figure 1: Effects of glucose administration on the improvement of memory-which shows that the ratio of stay in the target quarter to the rest
was larger after glucose administration, but not significant.
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Figure 2: Effects of sucrose administration on the improvement of the memory-shows that rats given sucrose stayed in the target quarter
significantly more compared with rats given sucralose. There was no significant decrease about the proximity measurements between

Proximity

average distance from the target

* ; p<0.05

250
200
150

el
100

v
o

o

control glucose fructoe sucrose

Difference of the numbers before and after drinks intake

The working abllity and sugar Intakes

Figure 3: Shows relationship between sugar administrations and the
working ability- shows that the working ability was significantly higher
after sucrose administration, although there was a tendency for the
working ability to increase after glucose or fructose administration,
but not significantly.

Recently sugar intake is linked to obesity or diabetes. On
November 8, 2016, at the Presidential election in US, residents in
parts of California’s Bay Area, which include San Francisco, as well
as Boulder,Colorado, passed by wide margins a measure to institute a
tax on sugar-sweetened beverage [26]. The World Health Organization
(WHO) supported such tax in countries across the globe in mid-
October, 2016. Such tax was implemented in other US cities as well
as in other countries, such as France, Mexico, the UK, the Philippines

and South Africa. Proponents of such tax argue that it can lead to
marked reductions in the consumption of sugary beverages, and help
in the fight against obesity and diabetes.

These arguments take it for granted that there is a smoking gun for
relationship between sugar intake and obesity or diabetes.

Recently, there was an article about “sugar conspiracy” in the field
of nutrition [27]. An allegation allegation was made against the sugar
industry with claims that prominent industry-backed researchers in
the 1969s downplayed or suppressed evidence linking sugar and heart
disease. After historical investigations, the authors concluded that
there was no such thing called “sugar conspiracy”.

We have reported that sugar or sweet beverages intake had no
relationship with BMI or blood levels of glucose or insulin [28].

Sucrose is an important factor supplying glucose to the brain. We
wondered why sucrose administration is more effective than glucose
administration in the improvement of memory or the working ability.
Since fructose uptake did not result in increase in blood glucose levels
compared with glucose intake, and improvement of the working
ability was observed to some extent, we thought taste may contribute
to this improvement.

It has been shown that the stimulation of sweet taste resulted in
increase in dopamine release in N Accumbens and caused hedonic
responses [29]. Fructose receptors of the tongue are T1R 2 3, which is
the same for sucrose receptors [30] (Figure 4).

The stimulation of sweet receptors by sucrose may enhance the
release of dopamine in the hedonic area together with the release of
B endorphin from the periaqueductal grey. These stimulations of the
brain areas may contribute to improvement of the working ability and
memory more effectively glucose.

There is a report [31] indicating that hyperglycemia (not just
T2DM) exerts a specific detrimental influence on cognitive decline in
dementia free older adults. In addition, this study indicates that diet
based glycemic load is a predictor of poorer cognitive performance.
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Figure 4: Schematically shows pathways of stimulated taste
receptors in the tongue to the brain.

We agree with this statement. We just say that glucose improves
the brain activity in rats and not diabetic humans. Probably,
in patients of T2DM increased blood glucose levels may be
detrimental because glucose may give damages to neurons which
are not seen in healthy neurons. This is the suggestion indicating
that hyperglycemia is not good for mental health in patients of
T2DM. In the present study, we are discussing the role of glucose in
the brains of healthy people.

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.

References

1. Siesjo BK (1979) Brain energy Metabolism 1978. Annuals of
Neurology 5: 308.

2. Siebert G, Gesner B, Klasser M (1986) Energy supply of the central
nervous system. Bibl Nutr Dieta 38: 1-26.

3. Benton D, Owens DS, Parker PY (1994) Blood glucose influences
memory and attention in young adults. Neuropsychologia 32: 595-
607.

4. Benton D, Owens DS (1993) Blood glucose and human memory.
Psychopharmacology 113: 83-88.

5. Gold PE (1995) Role of glucose in regulating the brain and cognition.
Am J Clin Nutr 61: S987-5995.

6. Van der Zwaluw NL, Van de Rest O, Kessels RP, de Groot LC (2014)
Short-term effects of glucose and sucrose on cognitive performance
and mood in elderly people. J Clin Exp Neuropsychol 36: 517-527.

7. Zamora Navarro S, Pérez Llamas F (2013) Importance of sucrose in
cognitive functions: knowledge and behavior. Nutr Hosp 4: 106-111.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Shinohara K, Hata T, Ishii Y, Takao T, Ogawa M, et al. (2015) Effects
of glucose and sucrose administration on memory function. Starch
and sucrose information, Agriculture and Livestock Industries Corp
42-47.

Takada A, Ishii Y, Takao T, Ogawa m, Shimizu F (2017) How the brain
utilizes glucose? Antiaging Medicine 13: 96-103.

Ogawa M, Shimizu F, Ishii Y, Takao T, Takada A (2018) Effects of
glucose and sucrose administration on the working ability of young
women. Integrative Food, Nutrition and Metabolism 5: 1-4.

Gold PE (1995) Modulation of emotional and non-emotional
memories; same pharmacological systems, different
neurotransmitter systems. In: McGaugh JL, Weinberger NM, Lynch
GS (eds) Brain and memory; modulation and mediation in neural
plasticity. Oxford press, New York 41-74.

Morris RG (1984) Developments of a water -maze procedure for
studying spatial learning in rats. J Neurosci Methods 11: 47-60.

Sugimoto K, Kanai A, Shoji N (2009) The effectiveness of the Uchida-
Kraepelin test for psychological stress: an analysis of plasma and
salivary stress substances. Biopsychosoc Med 3: 3-5.

Jenkins DJ, Wolever TM, Taylor RH, Barker H, Fielden H, et al. (1981)
Glycemic index of foods: a physiological basis for carbohydrate
exchange. Am J Clin Nutr 34: 362-366.

Salmerdn J, Ascherio A, Rimm EB, Colditz GA, Spiegelman D, et
al. (1997) Dietary fiber, glycemic load, and risk of NIDDM in men.
Diabetes Care 20: 545-550.

Salmerdn J, Manson JE, Stampfer MJ, Colditz GA, Wing AL (1997)
Dietary fiber, glycemic load, and risk of noninsulin-dependent
diabetes mellitus in women. JAMA 27: 472-477.

Takao T, Ogawa M, Ishii Y, Shimizu F, Takada A (2016) Different
glycemic resposes to sucrose and glucose in old and young male
adults. J Nutr Food Sci 6: 460.

Messier C, White NM (1987) Memory improvement by glucose,
fructose and two glucose analogs: a possible effect on peripheral
glucose transport. Behav Neural Bio 148: 104-127.

Messier C, Destrade C (1988) Improvement of memory for an
operant response by post-training glucose in mice. Behav Brain Res
31:185-191.

Messier C, Durkin T, Mrabet O, Destrade C (1990) Memory-improving
action of glucose: indirect evidence for a facilitation of hippocampal
acetylcholine synthesis. Behav Brain Res 39: 135-143.

Packard MG, White NM (1990) Effect of post training injections of
glucose on acquisition of two appetitive learning tasks. Psychobiol
18:282-286.

Means LW, Fernandez TJ (1992) Daily glucose injections facilitate
performance of a win-stay water-escape working memory task in
mice. Behav Neurosci 106: 345-350.

Rodriguez WA, Van Ausdle LR, Dhanens K, Mondragon AN (1993)
Glucose modulates recently reactivated memories. Psychobiol 21:
93-100.

Ahlers ST, Shurtleff D, Schrot J, Thomas JR, Paul-Emile F (1993)
Glucose attenuates cold-induced impairment of delayed matching-
to-sample performance in rats. Psychobiol 21: 87-92.

Kopf SR, Opezzo JW, Baratti CM (1993) Glucose effects on memory
are not state dependent. Behav Neural Biol 60: 192-195.

(2016) Crystallizing sugar science. Nature Medicine 22: 1369.

Citation: Takada A, Ogawa M (2018) Sucrose and Brain Functions. Obes Open Access 4(1): dx.doi.org/10.16966/2380-5528.135


https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.410050318
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.410050318
https://www.ncbi.nlm.nih.gov/pubmed/3516137
https://www.ncbi.nlm.nih.gov/pubmed/3516137
https://www.ncbi.nlm.nih.gov/pubmed/8084417
https://www.ncbi.nlm.nih.gov/pubmed/8084417
https://www.ncbi.nlm.nih.gov/pubmed/8084417
https://www.ncbi.nlm.nih.gov/pubmed/7862833
https://www.ncbi.nlm.nih.gov/pubmed/7862833
https://www.ncbi.nlm.nih.gov/pubmed/7900698
https://www.ncbi.nlm.nih.gov/pubmed/7900698
https://www.ncbi.nlm.nih.gov/pubmed/24839862
https://www.ncbi.nlm.nih.gov/pubmed/24839862
https://www.ncbi.nlm.nih.gov/pubmed/24839862
https://www.ncbi.nlm.nih.gov/pubmed/23834099
https://www.ncbi.nlm.nih.gov/pubmed/23834099
http://www.alic.go.jp/joho-s/joho07_001138.html
http://www.alic.go.jp/joho-s/joho07_001138.html
http://www.alic.go.jp/joho-s/joho07_001138.html
http://www.alic.go.jp/joho-s/joho07_001138.html
http://www.oatext.com/pdf/IFNM-5-210.pdf
http://www.oatext.com/pdf/IFNM-5-210.pdf
http://www.oatext.com/pdf/IFNM-5-210.pdf
http://psycnet.apa.org/record/1995-97855-002
http://psycnet.apa.org/record/1995-97855-002
http://psycnet.apa.org/record/1995-97855-002
http://psycnet.apa.org/record/1995-97855-002
http://psycnet.apa.org/record/1995-97855-002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2679058/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2679058/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2679058/
https://www.ncbi.nlm.nih.gov/pubmed/6259925
https://www.ncbi.nlm.nih.gov/pubmed/6259925
https://www.ncbi.nlm.nih.gov/pubmed/6259925
https://www.ncbi.nlm.nih.gov/pubmed/9096978
https://www.ncbi.nlm.nih.gov/pubmed/9096978
https://www.ncbi.nlm.nih.gov/pubmed/9096978
https://www.ncbi.nlm.nih.gov/pubmed/9020271
https://www.ncbi.nlm.nih.gov/pubmed/9020271
https://www.ncbi.nlm.nih.gov/pubmed/9020271
https://www.omicsonline.org/open-access/different-glycemic-responses-to-sucrose-and-glucose-in-old-and-young-male-adults-2155-9600-1000460.php?aid=66899
https://www.omicsonline.org/open-access/different-glycemic-responses-to-sucrose-and-glucose-in-old-and-young-male-adults-2155-9600-1000460.php?aid=66899
https://www.omicsonline.org/open-access/different-glycemic-responses-to-sucrose-and-glucose-in-old-and-young-male-adults-2155-9600-1000460.php?aid=66899
https://www.ncbi.nlm.nih.gov/pubmed/3307740
https://www.ncbi.nlm.nih.gov/pubmed/3307740
https://www.ncbi.nlm.nih.gov/pubmed/3307740
https://www.ncbi.nlm.nih.gov/pubmed/3202950
https://www.ncbi.nlm.nih.gov/pubmed/3202950
https://www.ncbi.nlm.nih.gov/pubmed/3202950
https://www.ncbi.nlm.nih.gov/pubmed/2390197
https://www.ncbi.nlm.nih.gov/pubmed/2390197
https://www.ncbi.nlm.nih.gov/pubmed/2390197
https://link.springer.com/content/pdf/10.3758/BF03327244.pdf
https://link.springer.com/content/pdf/10.3758/BF03327244.pdf
https://link.springer.com/content/pdf/10.3758/BF03327244.pdf
https://www.ncbi.nlm.nih.gov/pubmed/1590954
https://www.ncbi.nlm.nih.gov/pubmed/1590954
https://www.ncbi.nlm.nih.gov/pubmed/1590954
https://link.springer.com/content/pdf/10.3758/BF03332032.pdf
https://link.springer.com/content/pdf/10.3758/BF03332032.pdf
https://link.springer.com/content/pdf/10.3758/BF03332032.pdf
https://link.springer.com/content/pdf/10.3758/BF03332031.pdf
https://link.springer.com/content/pdf/10.3758/BF03332031.pdf
https://link.springer.com/content/pdf/10.3758/BF03332031.pdf
https://www.ncbi.nlm.nih.gov/pubmed/8297314
https://www.ncbi.nlm.nih.gov/pubmed/8297314
https://www.nature.com/articles/nm.4250?lang=en

éch Forschen

pen HUB for Scientific Researc

27.

28.

29.

Johns DM, Oppenheimer GM (2018) Was there ever really a “sugar
conspiracy”? Science 359: 747-749.

Shimizu F, Ishii Y, Ogawa M, Takao T, Matsuoka K, et al. (2017) Age
and gender influence differently on various foods uptakes, body
mass index (BMI), and levels of various plasma parameters in young
and old men and women in Japan. Obes Open Access 3: 134

Berridge KC (2000) Measuring hedonic impact in animals and
infants: microstructure of affective taste reactivity patterns.
Neurosci Biobehav Rev 24: 173-198.

30.

31.

Nelson G, Hoon MA, Chandrashekar J, Zhang Y, Ryba NJ, et al. (2001)
Mammalian sweet taste receptors. Cell 106: 381-390.

Seetharaman S, Andel R, McEvoy C, Dahl Aslan AK, Finkel D, et al.
(2015) Blood glucose, diet-based glycemic load and cognitive aging
among dementia-free older adults. J Gerontol A Biol Sci Med Sci 70:
471-479.

Citation: Takada A, Ogawa M (2018) Sucrose and Brain Functions. Obes Open Access 4(1): dx.doi.org/10.16966/2380-5528.135


http://science.sciencemag.org/content/359/6377/747.full
http://science.sciencemag.org/content/359/6377/747.full
http://www.sciforschenonline.org/journals/obesity/OOA-3-134.php
http://www.sciforschenonline.org/journals/obesity/OOA-3-134.php
http://www.sciforschenonline.org/journals/obesity/OOA-3-134.php
http://www.sciforschenonline.org/journals/obesity/OOA-3-134.php
https://www.ncbi.nlm.nih.gov/pubmed/10714382
https://www.ncbi.nlm.nih.gov/pubmed/10714382
https://www.ncbi.nlm.nih.gov/pubmed/10714382
https://www.ncbi.nlm.nih.gov/pubmed/11509186
https://www.ncbi.nlm.nih.gov/pubmed/11509186
https://www.ncbi.nlm.nih.gov/pubmed/25149688
https://www.ncbi.nlm.nih.gov/pubmed/25149688
https://www.ncbi.nlm.nih.gov/pubmed/25149688
https://www.ncbi.nlm.nih.gov/pubmed/25149688

	Title
	Corresponding author
	Abstract
	Introduction
	Examination of Effects of Glucose and Sucrose on Memory in Rats
	Experimental procedures 

	The Working Ability after Administration of Glucose, Sucrose or Fructose in Young Women 
	Uchida-Kraepelin test [10-13] 

	Discussion
	Statistics
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4

