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ABSTRACT. The safety and biological effects of a long-term dose of D-allulose were evaluated
in healthy dogs. For 12 weeks, the dogs were administered D-allulose (0.2 g/kg) or placebo daily.
J. Vet. Med. Sci. Plasma total cholesterol concentrations in the D-allulose group were significantly lower than
79(11): 17801784, 2017 th'o:se in 'the control grou'p at and after'week 2 (R<0.05).'D—Allulose administra'tic'm did not cause
clinical signs or changes in hematological and biochemical levels, except for lipids. D-Allulose
administration also did not influence body weight. Plasma glucose and insulin concentrations in
the glucose tolerance test, performed one day after the termination of D-allulose administration,
were not different between groups, suggesting no cumulative effects of D-allulose on glucose
metabolism in healthy dogs. In conclusion, long-term administration of D-allulose caused no
harmful effects in dogs.

KEY WORDS: D-allulose, dog, safety

doi: 10.1292/jvms.17-0367

Received: 29 June 2017

Accepted: 4 September 2017

Published online in J-STAGE:
17 September 2017

D-allulose, also called as D-psicose, is a rare sugar, which is a monosaccharide rarely exist in nature [7]. Recently, D-allulose
has been suggested to exert antiobesity and antihyperglycemic effects [7]. D-allulose has been shown to decrease blood glucose
concentrations in healthy rats [13], genetically obese rats [8, 10], humans ingesting maltodextrin [11], and humans with borderline
diabetes [5]. The anti-hyperglycemic effects of D-allulose may be caused by the inhibition of digestive enzymes such as
a-glucosidase [7], the inhibition of glucose absorption in the intestine [6], and the induction of hepatic glucokinase, increasing
glucose utilization towards glycogen synthesis [10]. In addition to antihyperglycemic effects, D-allulose has been shown to exert
antiobesity effects in rodents with diet-induced obesity [2, 9, 17, 20]. The antiobesity effects of D-allulose have been reported to be
caused by increased energy expenditure [9], suppressed dietary intake [20], and increased fatty acid oxidation [17]. Furthermore,
some reports have shown that D-allulose administration ameliorates dyslipidemia in rats [1, 7], although the mechanism underlying
the lipid-lowering effect remains unexplained [7].

In recent years, obesity, hyperlipidemia, and diabetes have become significant clinical problems in companion dogs [3, 16, 22].
The reported effects of D-allulose in rodents and humans may help the management of these pathologic conditions in dogs. In fact,
D-allulose has been shown to suppress the rise in blood glucose following oral or intravenous glucose administration in dogs [19].

D-allulose has been classified as an ordinary substance, with an oral LD50 value of 16 g/kg in rats [15], and its long-term safety
has already been confirmed in humans [5] and rats [14, 23]. In dogs, oral administration of a high dose of D-allulose (1 and 4 g/kg)
has been shown to cause only self-limiting gastrointestinal symptoms and a transient rise in plasma alkaline phosphatase activity
[18]. These results suggested that a single-dose administration of D-allulose does not cause acute toxicity in dogs. However,
repeated, long-term safety or biological effects of D-allulose are currently unknown for this species. In the present study, the safety
and biological effects of a 12-week administration of D-allulose were evaluated in healthy dogs.

This study was approved by the institutional Animal Experiment Committee of Gifu University. Ten healthy beagle dogs were
randomly divided into 2 groups of 5 dogs each, the D-allulose and control groups. The D-allulose and control groups both consist
of 1 castrated male and 4 spayed female, and age, body weight, and body condition score (9-point scale) were 5.2 + 2.2 and 6.0 £
2.2 years, 14.2 £2.5 and 13.7 = 1.6 kg, and 5.4 £ 0.9 and 5.2 £ 0.4, respectively. There were no differences in age, body weight,
and body condition score between groups (Welch’s #-test). All the dogs were confirmed to be healthy by a veterinary clinician (NN)
based on a physical examination.

The experiment lasted 12 weeks, during which the dogs were fed commercially available dry food (Royal Canin Medium Adult,
Royal Canin Japon, Tokyo, Japan) once daily. The feeding amount was calculated by the equation for maintenance of adult dogs:
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1.2 x 95 x body weight (kg)®7> kcal. Dogs were allowed free access to water during the experiment. The D-allulose group received
a D-allulose solution (0.2 g/kg), and the control group received equivalent amounts of water with food once daily. Because
D-allulose is a zero-calorie sweetener, there was no difference of calorie intake between the two groups [7]. D-allulose was
provided by the Kagawa University Rare Sugar Research Center, Japan. The dose rate of D-allulose was determined according to a
previous study [19]. Food consumption, feces characteristics, activity, and clinical signs, if any, were recorded daily. Body weight
was measured at 0, 2, 4, 8 and 12 weeks. EDTA blood samples for complete blood count were collected at the 0 and 12 week.
Biochemical analyses (plasma alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase, total bilirubin, urea
nitrogen, creatinine, total protein, albumin, total cholesterol, triglyceride, total calcium, inorganic phosphorus, sodium, potassium,
and chlorine concentrations) were conducted using heparinized plasma at 0, 2, 4 and 12 weeks. Before the experiment and one day
after the termination of D-allulose administration or placebo, an intravenous glucose tolerance test was performed. A 50% glucose
solution (0.5 g/kg) (Otsuka Pharmaceutical, Tokyo, Japan) was intravenously injected, and heparinized plasma samples were
collected at 0, 5, 10, 15, 30 and 60 min after the glucose injection for the measurement of glucose and insulin concentrations.

Complete blood count was obtained by an automated analyzer (Celltac a, Nihon Kohden, Tokyo, Japan). The biochemical
parameters were measured by an automated biochemical analyzer (Labospect 003; Hitachi High-Technologies, Tokyo, Japan).
Plasma insulin concentration was assayed using the LBIS dog insulin enzyme-linked immunosorbent assay kit (Shibayagi, Gunma,
Japan) [19].

The area under the curves (AUC) for plasma glucose and insulin concentrations was calculated by the trapezoid method.
Differences between the groups were analyzed using Welch’s #-test. Differences from values at week 0 were analyzed using a
repeated measures one-way ANOVA, with Bonferroni correction. Values of P<0.05 were considered significant. Statistical analyses
were conducted using EZR (Saitama Medical Center, Jichi Medical University) [12], which is a graphical user interface for R (The
R Foundation for Statistical Computing, version 3.0.2).

During the experimental period, the dogs consumed all the food provided, evacuated normal feces, and remained active with
no clinical signs. Body weight was stable in both the groups, with no difference between the groups (body weight at week 12,

14.5 £ 1.2 and 13.6 + 0.8 kg for the D-allulose and control groups, respectively). Hematological parameters did not change during
the study period in both groups (Supplementary data). Platelet count levels in the D-allulose group were lower than those in the
control group at both week 0 and 12 (P<0.05). At and after week 2, plasma total cholesterol concentrations become lower in the
D-allulose group than in the control group (P<0.05) (Table 1). During the course of the experimental period, plasma triglyceride
concentrations increased in the control group, whereas they remained low in the D-allulose group (Table 1). A significant
difference in plasma triglyceride concentrations between groups was observed at and after week 2 (P<0.05). There were no
significant differences between groups in other biochemical parameters. There were no differences in plasma glucose and insulin
concentrations in the intravenous glucose tolerance test, either before or after the experimental period (Fig. 1). AUC for plasma
glucose and insulin concentrations did not significantly differ between groups either before or after the experimental period (Fig. 1).

A 12-week administration of D-allulose (0.2 g/kg once daily) in healthy dogs did not cause clinical signs. In addition, no
significant differences were found in liver enzymes, renal function markers, and electrolytes between the D-allulose and control
groups. Plasma alkaline phosphatase level in the D-allulose group increased within 12 weeks. Because the change in the plasma
alkaline phosphatase level in the D-allulose group was within the reference range, similar increase was also observed in the control
group, and plasma alanine aminotransferase and aspartate aminotransferase levels did not increase. Therefore, we concluded that a
mild increase in the plasma alkaline phosphatase level does not suggest D-allulose toxicity. In rats, an 18-month administration of
1.28 g/kg D-allulose has been known to show no adverse effects [23]. The authors have previously reported that a single high dose
(up to 4 g/kg) of D-allulose is well tolerated in healthy dogs [18]; however, long-term safety remains unknown. The present results
suggest that long-term administration of D-allulose at the dose rate of 0.2 g/kg/day does not cause harmful effects in dogs.

In the present study, plasma total cholesterol and triglyceride concentrations were lower in the D-allulose group than in the
control group. In rodents, D-allulose has been considered to exert antihyperlipidemic effects; however, it has been inconsistently
reported [7], with some studies that report lower blood triglyceride levels [1, 7], whereas others that report unchanged [2] or even
higher triglyceride levels [17, 20] after D-allulose administration. Furthermore, blood cholesterol has been reported to decrease
[17, 20], remain unchanged [1] or increase [2] after administration of D-allulose. Baek et al. [1] have reported unchanged total
cholesterol levels, with a lower low-density lipoprotein cholesterol/high-density lipoprotein cholesterol ratio. The mechanisms
underlying the change in triglyceride or cholesterol levels by D-allulose remain unknown; it has been hypothesized that it may be
mediated by effects on lipogenic and lipolytic enzymes [7]. The present study is the first to demonstrate the lipid-lowering effect
of D-allulose in dogs, although the mechanisms underlying the effect are not yet well understood even in dogs. However, plasma
triglyceride concentration in the D-allulose group was lower than that in the control group because of the elevation of plasma
triglyceride concentration in the control group. Therefore, it might be inappropriate to conclude that D-allulose suppressed plasma
triglyceride concentration.

The body weight of the dogs was not affected by the administration of D-allulose during the experimental period. This is
consistent with the results of a previous clinical study performed with nonobese humans, which showed that a 12-week oral
administration of D-allulose (5 g thrice a day, approximately 0.25 g/kg/day) did not alter body weight [5]. In contrast, D-allulose
administration in rodents has resulted in significant weight loss [2, 4, 8-10, 17, 20, 23]. The reason for the discrepancy among
species remains unclear. One possibility is that the discrepancy is caused by differences in the diet or in the adipose tissue of
animals. In rodent studies [2, 4, 8-10, 17, 20, 23], a high-fat or high-carbohydrate diet was fed or obese animals were used.

In addition, the rodents received 5% D-allulose in food (w/w), which is a higher dose than that used in the present study
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Table 1. Changes in blood chemistry parameters in dogs during the 12-week administration of D-allulose

Parameters Groups Week 0 Week 2 Week 4 Week 12 Reference range

Alanine aminotransferase (U//) ~ D-allulose 424+3.6 30.2+9.0 25.4+£4.49 32.8+18.6 20-99
Control 47.8+27.9 31.2+21.1 27.8+19.1 42.84+32.2

Aspartate aminotransferase (U//) D-allulose 33.6+6.7 284+5.0 242+1.8 29.2+1.8
Control 264+59 244+2.6 22.6+3.2 27.4+59

Alkaline phosphatase (U/l) D-allulose 127.6£29.9 150.8 £30.3 181.6+29.9 289.8+55.0” 49-298
Control 163.2+60.8 231.2+88.7 289.8+55.0 442.8+197.8

Total bilirubin (mg/d/) D-allulose 0.3+£0.0 0.1£0.0» 0.1£0.0 0.1£0.0
Control 02+0.0 0.1+0.0® 0.1+0.0® 0.1+0.0®

Urea nitrogen (mg/d/) D-allulose 14.6+3.0 10.0+3.4 9.0+2.0 10.6 £2.1 6-31
Control 13.0£2.9 8.6+1.1 9.0£1.9 9.6+1.9

Creatinine (mg/d/) D-allulose 0.6+0.1 0.9+0.1» 0.9+0.1» 0.9+0.1» 0.4-1.6
Control 0.5+0.1 0.8+0.1» 0.8+0.1» 0.8+0.1»

Total protein (g/d/) D-allulose 6.7+0.3 62+04 6.3+0.2 6.2+0.2 5.5-7.7
Control 6.8+0.7 6.8+0.6 6.7£0.5 6.7£0.5

Albumin (g/d/) D-allulose 33+0.1 33£0.2 33+0.1 3.1+£0.2 2.5-3.8
Control 33+£03 33+£04 33£0.3 32+0.3

Total cholesterol (mg/d/) D-allulose 157.4+36.6 121.4+29.92b)  [252+£2222b)  119.0+19.52b 85-337
Control 163.6+21.0 156.6+19.2 159.4 +30.1 171.6 £29.6

Triglyceride (mg/dl) D-allulose 274+11.0 26.0+13.49 23.0+11.79 40.0+11.69 26-137
Control 482+17.6 84.2+32.6 65.6+16.1 116.4+24.4

Calcium (mg/d/) D-allulose 103+0.4 9.8+0.5 10.0+£0.4 10.1+£0.3 8.9-11.4
Control 10.5+0.5 10.4+0.4 103+0.4 10.5+0.5

Inorganic phosphate (mg/d/) D-allulose 3.0+£0.7 39+£1.0 4.0+04 49+0.9 2.0-5.3
Control 32+1.0 41403 40+1.1 5.0+0.3

Sodium (mEq//) D-allulose 149.0+1.2 1472+29 149.0+£2.1 147.6£0.5 141-151
Control 149.6 +1.3 148.6 + 1.8 148.0+2.0 146.6 1.3

Potassium (mEq//) D-allulose 39+04 43+0.2 4.4+0.1 44+02 3.5-54
Control 43+0.2 45+0.2 46+0.2 45+0.1

Chlorine (mEq/l) D-allulose 111.8+1.1 1154+1.8 115.8+2.2 116.6 +1.1 107-121
Control 112.2+1.3 113.0+3.3 112.6+1.3 115.0+£2.4

Data were presented as the mean + SD of 5 dogs. a) P<0.05 vs. the value in the control group. b) P<0.05 vs. the value at the week 0.

(approximately 1.3% of food, w/w). These differences might account for the discrepancies among studies.

In the present study, D-allulose administration did not affect the results of the glucose tolerance test. In contrast, a previous study
has reported that a single administration of D-allulose (0.2 g/kg), 60 min before the intravenous glucose injection significantly
lowers plasma glucose and insulin concentrations in dogs [19]. In the present study, the postadministration experiment was
conducted one day after termination of D-allulose administration to evaluate the long-term cumulative effect of D-allulose on
glucose metabolism. Ingested D-allulose has been shown to be well absorbed and rapidly excreted in urine, with a halflife of 57
min [21]. The liver has been found to be the only organ that accumulates D-allulose [21]. The rapid elimination of D-allulose may
contribute to the absence of effects on glucose metabolism in the present study. We conclude that D-allulose has no cumulative
effects on glucose metabolism in dogs.

One limitation of this study was the fluctuation of parameters in the control group. Although the control group received
equivalent amounts of water with food, some biochemical parameters, such as total bilirubin, creatinine, and triglyceride, fluctuated
during the 12 weeks. The reason for this fluctuation was unclear, and nutritional or environmental changes might be implicated.
Despite this limitation, a parallel comparison between groups enabled the evaluation of the effects of D-allulose administration.

In conclusion, long-term administration of D-allulose at the dose rate of 0.2 g/kg/day is well tolerated in dogs. In addition, long-
term administration of D-allulose showed antihyperlipidemic effects in dogs. The mechanisms underlying these antihyperlipidemic
effects of D-allulose remain to be elucidated. Based on the results of the present study, clinical investigation of D-allulose
administration in dogs with hyperlipidemia, diabetes mellitus, and obesity may be warranted. These further studies can demonstrate
the clinical efficacy of D-allulose administration in dogs.
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Fig. 1. Plasma glucose and insulin concentrations before (A and C) and one day after termination (B and D) of D-allulose and placebo administra-

tions. Closed circles and open squares represent data from dogs in the D-allulose and control groups, respectively. Data are shown as the mean
+ SEM (n=5). There was no significant difference between groups. AUC: area under the curve.
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