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Abstract: Previous report showed that watermelon consumption has an anti-obesity effects in rats. The purpose of this study is
to examine the effects on body weight, body fat percentage, serum biochemical data, serum adipokine concentrations (leptin,
adiponectin, and resistin), urine specific gravity and sediments when 12 dogs were given watermelon extract beverage instead of
water for 3 months. Those data were all assessed before the study period and again at 1.5 and 3 months. Although there were no
remarkable changes in most of these parameters, a significant decrease in serum leptin concentrations at 1.5 and 3 months.
Calcium oxalate and struvite crystals were observed in the urinary sediment in five dogs; although their urine specific gravities
remained >1.040 throughout, the number of urinary crystals had decreased by the end of the 3-month period. Morphological
components were not found in the urinary sediment of the other five dogs; their urine specific gravities were also >1.040 before
the study period and at 1.5 months, but these had decreased to <1.040 at 3 months. These results suggested that drinking the
watermelon extract beverage reduced serum leptin levels and inhibited the formation of urine crystals such as calcium oxalate
and struvite crystals in dogs.
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1. Introduction
It is known that more than half of domestic dogs are either
overweight or obese in the United States [1]. In recent years,
obesity-related diseases have been a serious issue for both
veterinarians and pet owners [1-3]. Since canine obesity can
contribute to the induction of complex physiologic states
accompanied by chronic, low-grade inflammation, just as in
humans [1-3], many researchers have analyzed the influence
of functional foods on animals.
Previous studies have reported that flavonoids extracted
from green tea, soy, and fruits improved anti-oxidative index,
cytokine and enzyme levels with obesity (e.g., leptin,
adiponectin, IL-6 and TNF-α) [4-6]. In additions,
Consumption of these flavonoids resulted in a reduction in fat
weight and the recovery to normal levels of adipocyte size in
white adipose and hepatic tissue [5, 6].
Watermelon (Citrullus lanatus) is a member of the

Cucurbitaceae family of gourds and its flesh contains about
91% water by weight. The remaining components is a rich
source of bioavailable compounds, including lycopene,
vitamins A and C, and the amino acid L-citrulline. Lycopene
has been shown to exhibit anti-tumor, anti-inflammatory and
anti-obesity effects and L-citrulline is known to have diuretic
effects [7, 8].
We previously reported that watermelon showed anti-obesity
effects in rats, such as a decrease in the plasma concentration of
leptin [9]. However, there are no reports about the influence of
watermelon consumption on obese dogs. The purpose of this
study was to determine how the consumption of a
watermelon-based beverage affected canine obesity.

2. Materials and Methods
2.1. Animals and Treatments
This study was conducted in accordance with the ethical
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guidelines of the Yamazaki Gakuen University Animal
Experimentation Committee and was approved by this
committee (approval number: H28YAE-No.9).
The study included 12 dogs (two Poodle, one Golden
Retriever, two Dachshund, three Chihushus, one Italian
Greyhound, one Shih Tzu and two Brussels Griffon) aged 2–9
years. Over a 3-month period, these were freely provided with
a watermelon beverage (150 mL/kg/day) instead of water.
2.2. The Watermelon Beverage
Watermelon juice was extracted from the flesh around the
seeds, adding ethanol at 75% final concentration. This was
then blended for 5 h and centrifuged at 25,000 g for 5 min. The
supernatant was evaporated at 30°C and concentrated to
dryness. The beverage was prepared by adding distilled water
to the dried extract (which formed 0.6% by weight) and then
ascorbic acid (at approximately 50 mg/100 mL).
2.3. Physical Tests
Each dog’s body weight was measured using BTA-SCALE
scales (Menix, Tokyo), and its body fat percentage was
analyzed using Healthlabo equipment (Kao, Tokyo) and
evaluated as one of four patterns (lean, optimal, overweight,
and obese) in accordance with the manufacturer’s instructions.
The dogs’ body condition scores were assessed by inspection
or palpation on a scale of 1–9 (1–3, lean; 4 and 5, normal; 6,
overweight; 7–9: obese).
2.4. Serum Analysis
Blood samples were collected before the study period and
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after 6 weeks and 3 months of consuming the watermelon
beverage. Serum concentrations of urea nitrogen (BUN),
creatinine (CRE), glucose (GLU), triglycerides (TG), total
cholesterol (TC), and HDL-cholesterol (HDL-C) were analyzed
using a Fuji DRI-CHEM dry chemistry analyzer (Fujifilm,
Tokyo). Glycoalbumin (GA) measurement was performed by
LSI Medience Corp. (Tokyo). ELISA kits were used to measure
serum leptin (Millipore Corporation, USA), adiponectin
(CircuLexTM; CycLex Co. Ltd., Japan), tumor necrosis factor
(TNF)-α, and resistin (RayBio, USA) concentrations.
2.5. Urinary Analysis
Urine samples were collected by spontaneous urination
before the study period and after 6 weeks and 3 months of
consuming the watermelon beverage and analyzed using
biochemical tests (dipstick and specific gravity test) and
microscopic examination (for sediment). The dipstick
examination was performed using URIACE-M (Terumo Corp.,
Tokyo). Specific gravity was analyzed using a refractometer
(Erma, Tokyo). Urine sediment was estimated using the
method recommended by the Japanese Committee for Clinical
Laboratory Standards.
2.6. Statistical Analysis
Changes in the analysis data were assessed by analysis of
variance and Dunnett’s test for multiple comparisons.
Statistical analysis was conducted using commercially
available software (OMS Statcel 4). p < 0.05 was considered
statistically significant. Data are presented as mean ± standard
deviation.

3. Results
3.1. Body Weight and Body Fat Percentage
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Figure 1. Relative changes in mean body weight and body fat percentage after 1.5 and 3 months of consuming a watermelon-based beverage. The relative
changes were calculated by dividing the values by the initial value and expressing this as a percentage.
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The mean body condition scores before, during, and after the
3-month study period were within the optimum range (before,
4.1 ± 0.3; and at 1.5 and 3.0 months, 4.0 ± 0). However, the body
fat percentage varied among the dogs from lean to overweight.
There was little change in the dogs’ mean body weight over the
study period, but their mean body fat percentage changed as
follows: before, 30.6% ± 9.3%; 1.5 months, 25.0% ± 6.4%; 3.0
months, 26.0% ± 5.4%. The relative changes in mean body
weight and body fat percentage are shown in Figure 1.

within the normal canine reference ranges given by Fuji Dry
Chemistry and LSI Medience (BUN, 9.2–29.2 mg/dL; CRE,
0.4–1.4 mg/dL; GLU, 75–128 mg/dL; TG, 30–133 mg/dL; TC,
111–312 mg/dL; HDL-C, 71–170 mg/dL; and GA: 8%–14%).
Serum BUN, CRE, GLU, GA, TG, TC, and HDL-C levels did
not show any statistically significance change over the study
period (Figure 2A–C). TC levels decreased after 1.5 months,
but the standard deviation was large and the decrease was not
sustained at three months (a relative change of 106.76% ±
35.24%; Figure 2C). However, TG levels decreased over the
study period (Figure 2C).

3.2. Serum Biochemical Data
The serum biochemical values before the study period were
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Figure 2. Relative changes in the serum biochemical data over the study period.
(A) Renal dysfunction parameters. BUN, blood urea nitrogen; CRE, creatinine. (B) Carbohydrate metabolism parameters. GLU, glucose; GA, glycoalbumin.
(C) Lipid metabolism parameters. TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol.
Data are means ± S. D., N = 9. *p < 0.05.

3.3. Serum Adipokine Concentrations
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Figure 3. Relative changes in the serum adipokine (leptin, adiponectin and resistin) concentrations over the study period.
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Mean values for the adipokine concentrations before the
study and at 1.5 and 3 months were as follows: leptin, 5.56 ±
1.92, 3.19 ± 1.92, and 3.49 ± 2.66 ng/mL; adiponectin, 4.42 ±
4.26, 2.90 ± 1.83, and 2.69 ± 1.44 ng/mL; and resistin, 5.23 ±
2.27, 5.45 ± 2.59, and 4.89 ± 2.07 ng/mL. TNF-α was not
detected (data not shown). Leptin levels showed significant
decreases, but adiponectin and resistin levels did not change
significantly (Figure 3).
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3.4. Urine Specific Gravity and Sediment
All of the urine specific gravity values before and after 1.5
months were >1.040. However, after 3 months, the urine
specific gravity had decreased in 5 of the 10 dogs (Case 1,
1.026; Case 2, 1.020; Case 3, 1.026; Case 4, 1.008; Case 5,
1.021) (Figure 4A).
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Figure 4. Urine specific gravity and urine crystals (calusium oxalate or struvite) analyses.
(A) Changes in urine specific gravity values for individual dogs during the study period. N = 10. (B) Changes in urine crystals for individual dogs during the
study period. N = 10. -; No crystals observed, +; a small number of crystals observed, ++; some of crystals observed, +++; a large number of crystals observed,
*; calcium oxalate crystal, †; struvite crystal. (C) Microscopic photographs of urine calcium oxalate and struvite crystals for two characteristic cases.

A small number of squamous epithelial cells or bacteria
were present before and at 1.5 months in Cases 1–5, all within
the normal range. However, these cases showed no
morphological components after 3 months (data not shown).
Calcium oxalate crystals were detected in the urinary sediment

of Cases 6 and 8 before the study period and at 1.5 months
(Figure 4B). Struvite crystals were observed in the urinary
sediment of Cases 7, 9, and 10 at each time point. The crystal
levels in Cases 6–10 were lower at the end of the study period
than at the start (Figure 4B). Figure 4C shows microscopy
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photographs of urine crystals (calcium oxalate and struvite)
for two characteristic cases.

4. Discussion
This study investigated the effects of drinking a
watermelon-based beverage over a three-month period on the
body weight, body fat percentage, serum biochemical data,
and serum adipokine data of dogs. No changes were seen in
most of these parameters; however, there was a slight decrease
in serum TG and a significant change in leptin levels over the
study period, although adiponectin and resistin levels did not
change.
The small decrease in serum TG suggested that the
watermelon extract included a compound or compounds that
affected the lipid metabolism of dogs. In a recent study, the
feeding with watermelon improved serum lipid profiles such
as TG through changes in the expression of genes related to
lipid metabolism [10]. However, it remained to be elucidated
which compounds in watermelon have the effect on lipid
metabolism.
Adipokines, including leptin, adiponectin and resistin, are
biologically active substances that are secreted mainly from
mature adipose tissue, playing important roles in the
regulation of the lipid and carbohydrate metabolism [11, 12].
Because leptin primarily works as a fasting hormone thorough
the regulation of food intake and energy consumption, plasma
leptin levels are quantitative markers of obesity in humans,
dogs and rodents [13, 14]. It is known that circulating leptin
levels correlate positively with adipose tissue mass and body
condition scores [14]. It has been suggested the decrease of the
number of adipose cells from the reductions of leptin level
over the study period. However, we were unable to confirm
the relationship between serum leptin levels and the body fat
percentage values. Because the body condition scores of all
the dogs used in the study were within the normal range (from
4 to 5 in the 9-point system), it was difficult to confirm any
changes in body weight, body fat percentage, and the serum
biochemical data. It is known that adiponectin contributes to
increased insulin sensitivity, reduced blood glucose and
reduced tissue TG levels in the liver and muscle [14]. Resistin
promotes inflammation and regulates the secretion of
proinflammatory cytokines such as TNF-α and interleukin-6
(IL-6) [11-15]. However, there was only a slight change in
adiponectin and no change in resistin over the study period.
Although it has been assumed that adiponectin levels correlate
with the number or size of adipose cells, changes in the
number or size of adipose cells were not examined in the
present study. It would be valuable to investigate these aspects
in future study.
Mentioned earlier, watermelons contain various flavonoids,
such as lycopene and β-carotene. Flavonoids in the
watermelon-based beverage administered to the dogs may
have reduced the TG concentrations via an effect on the lipid
metabolism such as stimulation of fatty acid oxidation or the
inhibition of lipid storage. These effects may have resulted in
the lower leptin concentration through a decrease in

adipocytes.
Effect of the beverage on urinary data was examined. We
confirmed urine crystals (calcium oxalate and struvite) in the
urinary sediments in five of the dogs, whose urine specific
gravities remained at more than 1.040 throughout the study
period (Figure 4A and B). In all of these dogs, the number of
urinary crystals decreased by the end of three months (Figure
4B). We were unable to identify morphological components in
the urinary sediment of the other five dogs, whose urine
specific gravities were >1.040 before and at 1.5 months, but
<1.040 at 3 months (Figure 4A). These results suggest that
drinking a watermelon-based beverage over three months may
reduce urine specific gravities and the number of urine
crystals.
Urinary stones such as calcium oxalate and struvite
(magnesium ammonium phosphate hexahydrate) are a
commonly experienced clinical problem in dogs; such stones
may be correlated with obesity in humans and canines [16, 17].
It is known that urinary stones form through a complex
process connected with supersaturation, nucleation,
aggregation, and the growth and retention of crystals within
the renal tubules [16, 17]. It is possible to reduce the formation
of urinary stone by increasing water intake to dilute the urine,
consuming formula diets to restrict mineral intake and
performing physical exercise. Although dogs do not freely
drink enough water, it is difficult for owners to give much
water to their dogs. It may therefore be useful to provide a
watermelon-based beverage for dogs that do not drink water
and suffer from urolithiasis. However, in this study it took 3
months after the start of administration of the beverage for the
dogs’ urine specific gravity and the number of urine crystals to
decrease. It may therefore take about 2 months of drinking
such a watermelon beverage constantly for the dogs to
experience the benefits.
Recently, bioactive substances extracted from plants, such
as polyphenols and flavonoids, have anti-urolithiatic effects
by increasing urine volume [18-20]. Watermelon contains
useful components such as L-citrulline, which has a diuretic
effect. The results of the present study suggested that
administration of the had a diuretic effect, promoting
spontaneous water intake, reducing urine specific gravities
and inhibiting the crystallization of urine stones (calcium
oxalate and struvite crystals). However, it has recently been
reported that L-citrulline in watermelons induced a significant
reduction of food intake by appetite suppression, involving
leptin signaling [16]. Thus, the L-citrulline in watermelons
may also have an effect on obesity [21].
Recently, the morbidity rates for obesity and urine stones
in dogs have increased, leading owners and veterinarians to
pay attention to the prevention of obesity and renal
disorders. Further studies are needed to identify the
effective compounds in the watermelons-based beverage
that reduce serum leptin levels and inhibit the formation of
urinary stones, as well as to elucidate the mechanisms by
which the active components in the beverage induce the
effects on adipocytes.
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5. Conclusions
This study revealed that drinking the watermelon extract
beverage reduced serum leptin levels and inhibited the
formation of urine crystals such as calcium oxalate and
struvite crystals in dogs.
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