
Abstract. Background/Aim: 1,5-Anhydro-D-fructose (1,5-
AF, saccharide) and 1,5-anhydro-D-glucitol (1,5-AG)
converted from 1,5-AF via the glycemic pathway have health
benefits. However, this metabolism has not been sufficiently
elucidated. To clarify the in vivo metabolism of 1,5-AF to
1,5-AG, porcine (blood kinetics) and human (urinary
excretion) studies were conducted. Materials and Methods:
Microminipigs were administrated 1,5-AF orally or
intravenously. Blood samples were obtained to analyse the
kinetics of 1,5-AF and 1,5-AG. Urine samples were collected
from human subjects who had orally ingested 1,5-AF, and
the amounts of 1,5-AF and 1,5-AG excreted in the urine were
analysed. Results: In blood kinetics analysis, the time to the
maximum concentration of 1,5-AF after intravenous
administration was 0.5 h, whereas 1,5-AF was not observed
after oral administration. The times to the maximum
concentration of 1,5-AG after intravenous and oral
administration were 1.5 h and 2 h, respectively. In urinary

excretion, the concentration of 1,5-AG in urine rapidly
increased after the administration of 1,5-AF, peaked at 2 h,
whereas 1,5-AF was not detected. Conclusion: 1,5-AF was
rapidly metabolized to 1.5-AG in vivo in swine and human.

1,5-Anhydro-D-fructose (1,5-AF) is a saccharide that has
been isolated from several fungi (1) and an edible seaweed
(2) as an intermediate of the microthecin biosynthesis
pathway. This saccharide is considered to be widely
distributed among organisms, including animals (3). It is
believed that 1,5-AF is biosynthesized from α-1,4-glucans
such as starch and glycogen by the action of α-1,4-glucan
lyase (4). Furthermore, 1,5-AF is produced as a food
material in Japan via the enzymatic degradation of starch.
1,5-AF has antioxidant (5) and antibacterial properties (6)
and health benefits (7), thus it has utility as a food
preservative and healthy food material. 

1,5-Anhydro-D-glucitol (1,5-AG) is present in the blood
of humans and rats (8). The blood 1,5-AG concentration is
clinically measured because it is correlated with blood
glucose levels and is used in blood glucose control. Blood
1,5-AG originates from two pathways, namely the
consumption of food containing 1,5-AG and the biosynthesis
of glycogen with 1,5-AF as an intermediate. It was estimated
that 0.438 mg of 1,5-AG is synthesized per day from 1,5-AF
via the glycemic pathway (9). 

In Japan, the fermentative production method of 1,5-AG
from 1,5-AF has been reported. Also, 1,5-AG has beneficial
properties for human health such as anti-inflammatory (10)
but can also act as a blood glucose regulator in diabetes (11),
and an inhibitor of COVID-19 infection (12).

Following the oral administration of 14C-labelled 1,5-AF
in mice, it has been reported that 62.9, 4.5, and 10.7% of the
radioactivity is recovered from urine, faeces, and CO2,
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respectively (13). In addition, it has also been observed that
the urine 1,5-AG levels were dramatically increased in mice
administrated non-labeled 1,5-AF orally (13). The oral
consumption of 1,5-AF has been proven safe in mice, rats
(14), and humans (15). However, limited research has
examined the pharmacokinetics and in vivo metabolism of
1,5-AF to 1,5-AG. An enzymatic determination method for
1,5-AG in blood has been established. In addition, 1,5-AF
quantification methods based on gas chromatography–mass
spectrometry after derivatization have been reported (2)
although these methods are complex, and a simpler protocol
is desired. 

In 2011, the Microminipig (MMPig) was developed as the
smallest miniature pig in the world (16), and this strain has
similar general biochemistry and haematology profiles (17,
18) as domestic swine and humans. The utility of MMPigs
as experimental animals has been demonstrated in life
science research. Similarly, as other minipigs, the MMPig
represents a potentially appropriate experimental model
because its lipoprotein metabolism (19-21), anatomy,
physiology, and feeding and sleep habits (22-24) are similar
to those of humans.

Therefore, this study examined the pharmacokinetics of
1,5-AF and 1,5-AG after the intravenous and oral
administration of 1,5-AF in MMPigs to clarify the in vivo
metabolism 1,5-AF to 1,5-AG. Furthermore, we conducted
an oral administration test of 1,5-AF in humans and
quantified 1,5-AF and 1,5-AG excreted in the urine for
evaluation of 1,5-AF supplement as 1,5-AG precursor.
Additionally, a simpler method for blood 1,5-AF
determination was investigated.

Materials and Methods
Test article. 1,5-AF was prepared by SUNUS Co., Ltd. (Kagoshima,
Japan) as previously described (5). The samples for intravenous
injection were applied after filtration with a molecular weight cut-
off of 10 KDa.

Experiment 1 (Porcine study: blood kinetics).
Animals and diet. Two adult MMPigs (male and female; body
weight of 22.6 and 26.9 kg, respectively) were obtained from a
breeder (Fuji Micra Inc., Shizuoka, Japan) and maintained in a
dedicated room with filtered air laminar flow at Kagoshima
University. The room was maintained at a temperature of 24±3˚C
and a relative humidity of 50±20% with a 12-h/12-h light/dark
cycle. Tap water was available ad libitum, and the animals were
provided a commercial porcine diet (Horeborekobuta; Marubeni
Nisshin Feed Inc., Tokyo, Japan). All protocols were approved by
the Ethics Committees of Animal Care and Experimentation,
Kagoshima University (MD19094). Finally, the research was
performed according to the Institutional Guidelines for Animal
Experiments and in compliance with the Japanese Act on Welfare
and Management of Animals (Act No. 105 and Notification No. 6).

Blood kinetics study design. Unilateral sinus venarum cavarum
catheterization was performed in all animals under deep anaesthesia
with isoflurane inhalation as previously reported (25). All animals
were first intravenously administered 1,5-AF (20 mg/kg body
weight). After a 1-week follow-up period, all animals were orally
administered the same dose of 1,5-AF. Five millilitres of blood were
obtained from each animal before and 0.5, 1, 2, 4, 6, 8, 12, 24, and
48 h after 1,5-AF administration for pharmacokinetic analysis. The
maximum concentration (Cmax) and time to maximum
concentration (Tmax) were measured for 1,5-AF and 1,5-AG, and
the half-lives of 1,5-AF and 1,5-AG were calculated.

New measurement methods of blood 1,5-AF and 1,5-AG
concentrations. The concentration of 1,5-AF was analysed via high-
performance liquid chromatography (HPLC) using a MCIGEL
CK08S column (8.0×500 mm, Mitsubishi Chemical Co.). The flow
rate of eluent water was 1.0 ml/min. The injection volume was 100
μl. A three-way valve was provided at the outlet of the separation
column, and 0.02 N NaOH was mixed with the eluent at a flow rate
of 0.5 ml/min. The mixed eluent was introduced into a photodiode
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Figure 1. High-performance liquid chromatography system for the
specific determination of 1,5-anhydro-D-fructose.

Figure 2. Chromatograms of 1,5-anhydro-D-fructose standard. Solid
line: 100 μg/ml; dot line: 10 μg/ml.



array detector after reaction in a tube with an inner diameter of 1 mm
and a length of 3.8 m. The separation column and reaction tube were
placed in a column oven set at 60˚C (Figure 1). 1,5-AG content was
measured using Lana AG® (Nihonkayaku Co., Ltd., Tokyo, Japan)
following the manufacturer’s instructions. To develop the quantitative
method for 1,5-AF, the absorption spectrum of 1,5-AF in alkaline
solution was analysed. One thousand microlitres of 1 μg/ml 1,5-AF
were mixed with 500 μl of 0.02 N NaOH at 60˚C, and the absorption
spectrum from 270 to 330 nm with a 1-cm cell was analysed.

Experiment 2 (Human study: urinary excretion). This human study
was conducted in compliance with the Declaration of Helsinki and
the ethical guidelines for human life science and medical research.
The bioethics committee reviewed and approved (approval number:
USL202203, User Life Science Co.) the study. Four subjects orally
ingested 5 g of 20% (w/w) aqueous 1,5-AF solution. All urines were
collected from each subject and the volumes were measured before
and 2, 4, 6, and 8 h after 1,5-AF administration. The 1,5-AF and
1,5-AG in the urine were quantified by HPLC using a MCIGEL
CK08S column with differential refractometer.

Results
Experiment 1 (porcine study).
Measurement of blood 1,5-AF and 1,5-AG concentrations.
UV absorption was not observed when water was mixed with
1,5-AF. However, when 0.02 N NaOH was added, the
absorption peaked at approximately 308 after 1-3 min. After
20 min, the absorption had almost disappeared. Therefore,
the HPLC system was constructed using a reaction time of
2 min and a temperature of 60˚C.

1,5-AF was analysed using this HPLC system over a
concentration range of 1-100 μg/ml. The concentrations and
peak areas were plotted, and a linear curve passing through
the origin was obtained. The coefficient of determination was
0.9999, and quantification was possible within this range.
Chromatograms of 10 and 100 μg/ml 1,5-AF are presented in
Figure 2. Symmetrical peaks were obtained. The peaks of the
absorption spectrum were approximately 308 nm, matching
the result of spectrophotometry. Because peaks were not
detected for 1 mg/ml glucose and fructose in this HPLC
system, 1,5-AF was selectively quantified. Furthermore, 1,5-
AF could be effectively quantified because no peaks were
obtained near the retention time of 1,5-AF even when swine
plasma or serum was analysed using this system.

Blood kinetics (Figure 3, Table I). The Cmax value of 1,5-
AF and 1,5-AG after intravenous administration of 1,5-AF
were 19.0 and 24.6 μg/ml, respectively. Conversely, The
Cmax value of 1,5-AF was not achieved after the oral
administration of 1,5-AF, whereas the Cmax value of 1,5-AG
was 39.1 μg/ml. After the intravenous administration of 1,5-
AF, the average Tmax values for 1,5-AF and 1,5-AG were
0.5 h and 1.5 h, respectively. The average half-lives of 1,5-
AF and 1,5-AG were 0.24 h and 3.23 h, respectively. The
decay of the blood 1,5-AF concentration was observed at 2
h after the intravenous administration of 1,5-AF. After the
oral administration of 1,5-AF, the average Tmax of 1,5-AG
was 2 h, whereas no peak blood 1,5-AF concentration was
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Figure 3. Pharmacokinetics of blood 1,5-anhydro-D-fructose (1,5-AF) and 1,5-anhydro-D-glucitol (1,5-AG) concentrations after the intravenous and
oral administration of 1,5-AF in Microminipigs. Closed circle: blood 1,5-AF concentration; open circle: blood 1,5-AG concentration.



recognized. The average half-life of 1,5-AG was 5.46 h.
Decay of the blood 1,5-AG concentration was recorded at 48
h after the intravenous and oral administration of 1,5-AF.

Experiment 2 (Human study, Figure 4). The concentration of
1,5-AG in urine rapidly increased after administration of 1,5-
AF to humans, peaked at 2 h, and then decreased, whereas
the concentration of 1,5-AF was not detected. The excretion
amount of 1,5-AG in urine up to 8 h after administration was
122.8±8.6 mg.

Discussion

In the new measurement methods of blood 1,5-AF and 1,5-
AG concentrations, the UV absorption of 1,5-AF increased
under alkaline conditions and then disappeared. It has been
reported that 1,5-AF is converted to an organic acid via
ascopylone P (APP) and ascopylone M (APM) under weak
alkaline conditions (26). The absorption spectra of APP and
APM are reported to be peak at 292 and 262 nm,
respectively (27). Therefore, the absorption observed at 308
nm is considered attributable to a substance of unknown
structure, and detection of the substance is a future task.
Using this method, the blood 1,5-AF concentration could be
selectively and highly sensitively measured via a simple
system. Even when a known amount of 1,5-AF was added
to pig serum, it could be quantified accurately. Therefore,
this HPLC system is suitable for 1,5-AF detection in blood.

In Experiment 1, 1,5-AF was considered to be
metabolized to 1.5-AG in vivo because peaks of the 1,5-AG
concentration were observed after both the intravenous and
oral administration of 1,5-AF. However, following the oral
administration of 1,5-AF, an increase in blood 1,5-AG was
observed but blood 1,5-AF was not detected. It was thought
that 1,5-AF was absorbed in the small intestine and rapidly
metabolized to 1.5-AG in the liver, which has a reductase

that converts 1,5-AF to 1,5-AG in swine (28). 1,5-AF was
also considered to be metabolized to 1.5-AG in other body
tissues because a peak of the blood 1,5-AG concentration
was noted after intravenous 1,5-AF administration. The
production of 1,5-AG from 1,5-AF was reported in
erythroleukemia cells (29), but its production in tissues other
than the liver remains to be established.

The blood 1,5-AG levels increased after 1,5-AF
administration but returned to baseline within 48 h. Previous
findings indicated that most of the orally administered dose
of 1,5-AG is excreted in urine in mice and humans (30). In
the human study, it was thought that 1,5-AF was rapidly
metabolized to 1.5-AG, which was excreted in urine in vivo.
In the porcine study, it is also speculated that 1,5-AG
converted from 1,5-AF was excreted in urine in vivo. 

Advanced glycation end-products (AGEs) are produced
by non-enzymatic reactions between the aldehyde groups
of reducing sugars and amino groups of amino acids or
proteins. AGEs are recognized risk factors for diseases such
as diabetes and Alzheimer’s disease. An immunological
trial using an antibody indicated the existence of novel
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Figure 4. Urine 1,5-anhydro-D-glucitol (1,5-AG) concentrations after
the oral administration of 1,5-AF in human.

Table I. Maximum concentration (Cmax), time to maximum concentration (Tmax), and half-life of 1,5-anhydro-D-fructose (1,5-AF) and 1,5-anhydro-
D-glucitol (1,5-AG) in the porcine study.

Item Intravenous administration of 1,5-AF Oral administration of 1,5-AF

Average Cmax of 1,5-AF  19.0 μg/ml –
(male/female) (11.3 μg/ml/26.7 μg/ml)

Average Cmax of 1,5-AG 24.6 μg/ml 39.1 μg/ml
(male/female) (20.0 μg/ml/29.2 μg/ml) (32.7 μg/ml/45.4 μg/ml)

Average Tmax of 1,5-AF  0.5 h –
(male/female) (0.5 h/0.5 h)

Average Tmax of 1,5-AG 1.5 h 2 h
(male/female) (1 h/2 h) (2 h/2 h)

Average half-life  of 1,5-AF 0.24 h –
(male/female) (0.22 h/0.25 h)

Average half-life of 1,5-AG 3.23 h 5.46 h
(male/female) (3.25 h/3.21 h) (5.37 h/5.54 h)



AGEs from 1,5-AF (AF-AGEs) in human and animal serum
samples (31). 1,5-AF was not detected in blood following
oral administration in this in vivo trial. Therefore, the in
vivo risk of AF-AGEs must be lower than that of AGEs
produced via glucose, which is the most abundant reducing
sugar in blood.

In conclusion, 1,5-AF was considered to be metabolized
to 1.5-AG in vivo in human and swine and the 1.5-AG
excreted in urine in vivo in human. The in vivo metabolism
of 1,5-AF and 1,5-AG was also rapid.

Conflicts of Interest
The Authors report no conflicts of interest in relation to this study.

Authors’ Contributions
MI, KY, MK, and HK collected sample material. HK and IM
planned the study; KY and NM performed the experiments and
analysed data; MI, KY, HK, and IM drafted the manuscript; YF and
TM revised the draft. All Authors read and approved the final
manuscript.

Acknowledgements
The Authors thank all the staff members of the Division of
Laboratory Animal Sciences, Natural Science Center for Research
and Education, Kagoshima University, who maintained the animals
in a good condition. The Authors are also grateful to Ms. S. Suzuki
for the technical assistance. This research was partly supported by
the Japan Society for the Promotion of Science (JSPS) Kakenhi
(grant numbers 20K06395, 22K06006).

References
1 Deffieux G, Baute R, Baute M, Atfani M and Carpy A: 1,5-D-

anhydrofructose, the precursor of the pyrone microthecin in
morchella vulgaris. Phytochemistry 26(5): 1391-1393, 2019.
DOI: 10.1016/S0031-9422(00)81819-1

2 Broberg A, Kenne L and Pedersén M: Analysis of 1,5-anhydro-
D-fructose, microthecin, and 4-deoxy-glycero-hexo-2,3-diulose
in algae using gas chromatography-mass spectrometry in
selected ion monitoring mode. Anal Biochem 268(1): 35-42,
1999. PMID: 10036159. DOI: 10.1006/abio.1998.3013

3 Kametani S, Shiga Y and Akanuma H: Hepatic production of
1,5-anhydrofructose and 1,5-anhydroglucitol in rat by the third
glycogenolytic pathway. Eur J Biochem 242(3): 832-838, 1996.
PMID: 9022716. DOI: 10.1111/j.1432-1033.1996.0832r.x

4 Yoshinaga K, Fujisue M, Abe J, Hanashiro I, Takeda Y, Muroya
K and Hizukuri S: Characterization of exo-(1,4)-alpha glucan
lyase from red alga Gracilaria chorda. Activation, inactivation
and the kinetic properties of the enzyme. Biochim Biophys Acta
1472(3): 447-454, 1999. PMID: 10564758. DOI: 10.1016/s0304-
4165(99)00147-6

5 Fujisue M, Yoshinaga K, Muroya K, Abel J and Hizukuri S:
Preparation and antioxidative activity of 1,5-Anhydrofructose.
Journal of Applied Glycoscience 46(4): 439-444, 2021. DOI:
10.5458/jag.46.439

6 Izumi S, Yoshinaga K and Abe J: Growth restraint action of 1,5-
Anhydro-D-fructose on Gram-positive bacteria. Journal of
Applied Glycoscience 60(1): 87-93, 2021. DOI: 10.5458/jag.
jag.JAG-2012_007

7 Fiskesund R, Abeyama K, Yoshinaga K, Abe J, Yuan Y and Yu
S: 1,5-anhydro-D-fructose and its derivatives: biosynthesis,
preparation and potential medical applications. Planta Med
76(15): 1635-1641, 2010. PMID: 20645241. DOI: 10.1055/s-
0030-1250120

8 Dworacka M, Winiarska H, Szymanska M, Kuczynski S,
Szczawinska K and Wierusz-Wysocka B: 1,5-anhydro-D-
glucitol: a novel marker of glucose excursions. Int J Clin Pract
Suppl (129): 40-44, 2002. PMID: 12166605.

9 Yamanouchi T, Tachibana Y, Akanuma H, Minoda S, Shinohara
T, Moromizato H, Miyashita H and Akaoka I: Origin and
disposal of 1,5-anhydroglucitol, a major polyol in the human
body. Am J Physiol 263(2 Pt 1): E268-E273, 1992. PMID:
1514606. DOI: 10.1152/ajpendo.1992.263.2.E268

10 Meng X, Tancharoen S, Kawahara KI, Nawa Y, Taniguchi S,
Hashiguchi T and Maruyama I: 1,5-Anhydroglucitol attenuates
cytokine release and protects mice with type 2 diabetes from
inflammatory reactions. Int J Immunopathol Pharmacol 23(1): 105-
119, 2010. PMID: 20377999. DOI: 10.1177/039463201002300110

11 Kato A, Kunimatsu T, Yamashita Y, Adachi I, Takeshita K and
Ishikawa F: Protective effects of dietary 1,5-anhydro-D-glucitol
as a blood glucose regulator in diabetes and metabolic
syndrome. J Agric Food Chem 61(3): 611-617, 2013. PMID:
23270454. DOI: 10.1021/jf304683s

12 Tong L, Xiao X, Li M, Fang S, Ma E, Yu X, Zhu Y, Wu C, Tian
D, Yang F, Sun J, Qu J, Zheng N, Liao S, Tai W, Feng S, Zhang
L, Li Y, Wang L, Han X, Sun S, Yang L, Zhong H, Zhao J, Liu
W, Liu X, Wang P, Li L, Zhao G, Zhang R and Cheng G: A
glucose-like metabolite deficient in diabetes inhibits cellular
entry of SARS-CoV-2. Nature Metabolism 4(5): 547-558, 2022.
DOI: 10.1038/s42255-022-00567-z

13 Yu S, Mei J and Ahrén B: Basic toxicology and metabolism
studies of 1,5-anhydro-D-fructose using bacteria, cultured
mammalian cells, and rodents. Food Chem Toxicol 42(10): 1677-
1686, 2004. PMID: 15354319. DOI: 10.1016/j.fct.2004.06.004

14 Mei J, Yu S and Ahrén B: A 90-day toxicological evaluation of
1,5-anhydro-d-fructose in Sprague-Dawley rats. Drug Chem
Toxicol 28(3): 263-272, 2005. PMID: 16051552. DOI:
10.1081/dct-200064458

15 Yoshinaga K, Hayashi H, Miyazaki N, Ohnuki K and Fukuda R:
Evaluation of the safety and effect of oral 1,5-anhydro-D-
fructose intake on the serum uric acid level. Jpn Pharmacol Ther
50(8): 1437-1446, 2022.

16 Kaneko N, Itoh K, Sugiyama A and Izumi Y: Microminipig, a
non-rodent experimental animal optimized for life science
research: preface. J Pharmacol Sci 115(2): 112-114, 2011. PMID:
21258171. DOI: 10.1254/jphs.10r16fm

17 Kawaguchi H, Yamada T, Miura N, Takahashi Y, Yoshikawa T,
Izumi H, Kawarasaki T, Miyoshi N and Tanimoto A: Reference
values of hematological and biochemical parameters for the
world smallest microminipigs. J Vet Med Sci 74(7): 933-936,
2012. PMID: 22362255. DOI: 10.1292/jvms.11-0571

18 Kawaguchi H, Yamada T, Miura N, Noguchi M, Izumi H,
Miyoshi N and Tanimoto A: Sex differences of serum lipid
profile in novel microminipigs. In Vivo 27(5): 617-621, 2013.
PMID: 23988896.

Ijiri et al: In Vivo Metabolism of 1,5-AF and 1,5-AG

1026



19 Kawaguchi H, Miyoshi N, Miura N, Fujiki M, Horiuchi M,
Izumi Y, Miyajima H, Nagata R, Misumi K, Takeuchi T,
Tanimoto A and Yoshida H: Microminipig, a non-rodent
experimental animal optimized for life science research:novel
atherosclerosis model induced by high fat and cholesterol diet.
J Pharmacol Sci 115(2): 115-121, 2011. PMID: 21258170. DOI:
10.1254/jphs.10r17fm

20 Kawaguchi H, Yamada T, Miura N, Ayaori M, Uto-Kondo H,
Ikegawa M, Noguchi M, Wang KY, Izumi H and Tanimoto A:
Rapid development of atherosclerosis in the world’s smallest
Microminipig fed a high-fat/high-cholesterol diet. J Atheroscler
Thromb 21(3): 186-203, 2014. PMID: 24257467. DOI: 10.5551/
jat.21246

21 Yamada S, Kawaguchi H, Yamada T, Guo X, Matsuo K, Hamada
T, Miura N, Tasaki T and Tanimoto A: Cholic acid enhances
visceral adiposity, atherosclerosis and nonalcoholic fatty liver
disease in microminipigs. J Atheroscler Thromb 24(11): 1150-
1166, 2017. PMID: 28496045. DOI: 10.5551/jat.39909

22 Takeishi K, Horiuchi M, Kawaguchi H, Deguchi Y, Izumi H,
Arimura E, Kuchiiwa S, Tanimoto A and Takeuchi T:
Acupuncture improves sleep conditions of minipigs representing
diurnal animals through an anatomically similar point to the
acupoint (GV20) effective for humans. Evid Based Complement
Alternat Med 2012: 472982, 2012. PMID: 22461840. DOI:
10.1155/2012/472982

23 Takeishi K, Kawaguchi H, Akioka K, Noguchi M, Arimura E,
Abe M, Ushikai M, Okita S, Tanimoto A and Horiuchi M:
Effects of dietary and lighting conditions on diurnal locomotor
activity and body temperature in microminipigs. In Vivo 32(1):
55-62, 2018. PMID: 29275299. DOI: 10.21873/invivo.11204

24 Abe M, Kawaguchi H, Miura N, Akioka K, Ushikai M, Oi S,
Yukawa A, Yoshikawa T, Izumi H and Horiuchi M: Diurnal
variation of melatonin concentration in the cerebrospinal fluid
of unanesthetized microminipig. In Vivo 32(3): 583-590, 2018.
PMID: 29695564. DOI: 10.21873/invivo.11279

25 Zahorul Islam M, Kawaguchi H, Miura N, Miyoshi N,
Yamazaki-Himeno E, Shiraishi M, Miyamoto A and Tanimoto
A: Hypertension alters the endothelial-dependent biphasic
response of bradykinin in isolated Microminipig basilar artery.
Microvasc Res 114: 52-57, 2017. PMID: 28587989. DOI:
10.1016/j.mvr.2017.06.001

26 Ahmad T: Studies on the degradation of some pentoses and of 1,5-
anhydro-D-fructose, the production of the starch-degrading enzyme
a-1,4-glucan lyase. Ph.D. thesis at the Swedish University of
Agricultural Sciences, Uppsala, Sweden, pp. 1-34, 1995.

27 Yu S: Enzymatic description of the anhydrofructose pathway of
glycogen degradation II. Gene identification and characterization
of the reactions catalyzed by aldos-2-ulose dehydratase that
converts 1,5-anhydro-D-fructose to microthecin with ascopyrone
M as the intermediate. Biochim Biophys Acta 1723(1-3): 63-73,
2005. PMID: 15716041. DOI: 10.1016/j.bbagen.2005.01.004

28 Sakuma M, Kametani S and Akanuma H: Purification and some
properties of a hepatic NADPH-dependent reductase that
specifically acts on 1,5-anhydro-D-fructose. J Biochem 123(1):
189-193, 1998. PMID: 9504428. DOI: 10.1093/oxfordjournals.
jbchem.a021909

29 Suzuki M, Kametani S, Uchida K and Akanuma H: Production
of 1,5-anhydroglucitol from 1,5-anhydrofructose in
erythroleukemia cells. Eur J Biochem 240(1): 23-29, 1996.
PMID: 8797831. DOI: 10.1111/j.1432-1033.1996.0023h.x

30 Nakamura S, Tanabe K, Yoshinaga K, Shimura F and Oku T:
Effects of 1,5-anhydroglucitol on postprandial blood glucose and
insulin levels and hydrogen excretion in rats and healthy
humans. Br J Nutr 118(2): 81-91, 2017. PMID: 28820081. DOI:
10.1017/S0007114517001866

31 Sakasai-Sakai A, Takata T, Suzuki H, Maruyama I, Motomiya Y
and Takeuchi M: Immunological evidence for in vivo production
of novel advanced glycation end-products from 1,5-anhydro-D-
fructose, a glycogen metabolite. Sci Rep 9(1): 10194, 2019.
PMID: 31308400. DOI: 10.1038/s41598-019-46333-2

Received February 15, 2023
Revised March 6, 2023

Accepted March 7, 2023

in vivo 37: 1022-1027 (2023)

1027


