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ABSTRACT

Objectives: The aim of the study was to investigate the diuretic activity of aqueous extracts of Prunus cerasus and Caesalpinia sappan (CS) in albino
rats.

Methods: A repeated-measures crossover study was conducted in seven albino rats over six treatment periods: Control (saline), furosemide
(20 mg/kg), low- and high-dose P. cerasus, and low- and high-dose CS. Urine volume, pH, and electrolyte excretion (Na*, K*, CI) were measured over
24 h. Diuretic and saliuretic indices were calculated.

Results: Both the extracts have shown no significant diuretic actions. P. cerasus extracts did not enhance diuresis; however, the high dose increased
potassium excretion (174.33+28.94 nmol/L, p<0.05). CS produced non-significant modest diuretic effects, with the low-dose group showing the
highest urine volume among the extracts (11.41£2.37 mL).

Conclusion: CS and P, cerasus demonstrated no significant diuretic activity compared to furosemide but influenced electrolyte balance, indicating
possible renal pharmacological actions. Further studies, particularly on Prunus cerasoides, are required to clarify their therapeutic relevance.
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INTRODUCTION

The Caesalpinia sappan L., (CS), a member of the Leguminosae family,
is the source of Brazilwood or Sappan wood, a classic component in
Southeast Asian cuisine and drinks [1]. Thai traditional medicine uses
red dye, derived from the heartwood of CS, and claimed for treatment
of anemia, skin disorders, diarrhea, dysentery, and tuberculosis [2].
Phenolic components such as xanthone, coumarin, chalcones, flavones,
homoisoflavonoids, and brazilin, a red dye used for histology staining,
are obtained by the chemical makeup of Sappan wood [3]. In traditional
Chinese medicine, it is used to treat increased blood circulation,
menstruation disorders, and other conditions [4]. According to reports,
brazilin has a variety of biological properties, including antibacterial
properties, anti-inflammatory, anti-photoaging, = hypoglycemic,
vasorelaxant, anti-acne, antioxidant, and nuclease activity [3-9].
Bioactive compounds from natural sources, such as brazilin from CS
heartwood, are being investigated by researchers for non-medicalized
illnesses, therapeutic advantages, and coloring agents in a variety of
sectors [10]. The Japanese Pharmacopoeia has added CS heartwood to
their approved substances list [4].

Loop diuretics such as bumetanide and furosemide are the mainstay
therapy for heart failure, and cardiomyopathy. The majority of
medicinal plants have antioxidant qualities that make them useful in
the treatment of conditions including cancer, Alzheimer’s, and heart
disease [11]. CS, a traditional medicinal plant, is often consumed
as a tonic due to its diuretic action, a pharmacological property of
great medical importance [2]. However, more studies are needed for
scientifically testing these claims.

Cherry Prunus cerasus L. is a well-known plant used in fresh fruit,
canned food, jam, and juice. It has medicinal properties and has
uricosuric and anti-inflammatory effects. The chemical constituents
of cherry fruits include carbohydrates, organic acids, phenolic
compounds, and flavonoids. Anthocyanidin composition is also well-
studied with cyanidin and mecocyanidin [12]. The skin of cherry fruits
contains more vitamins than pulp, including ascorbic acid, B vitamins,
and carotenoids. Studies proved that the cherry extract, when used
under forced diuresis conditions, suppresses diuretic activity and
reduces urine volume and daily diuresis by 30%. This indicates that
prolonged use improves kidney filtration, inhibits water reabsorption,
and stimulates fluid elimination, crucial for gout treatment [13].

CS and Cherry P. cerasus are known for their medicinal properties,
such as potential diuretic effects. However, scientific validation of
these effects is limited. This study is to assess the diuretic qualities of
the aqueous extract of Prunus and CS in Albino rats, demonstrating its
effectiveness as a natural diuretic, potentially providing a supplemental
treatment to current therapies. In addition, we assessed the effect of the
medication extract in water on the excretion of electrolytes in the urine.

METHODS

This study was conducted using a repeated measures crossover
design to evaluate the effects of different treatments on metabolic
parameters in albino rats. The study protocol was reviewed and
approved by the Institutional Research and Ethics Committee
(RAKMHSU/REC/006 2021/22FM), and all experimental procedures
were conducted in accordance with the guidelines for the care and use
of laboratory animals. A total of seven normal albino rats were used,
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each serving as its own control to minimize inter-animal variability. The
study was conducted over 12 weeks with six treatment periods: Control,
furosemide, low-dose Prunus, high-dose Prunus, low-dose CS, and high-
dose CS. Each treatment period was followed by a 1-week washout
phase to eliminate potential carryover effects before transitioning to the
next treatment. The treatment responses were analysed independently
for comparison with the control group.

During each treatment period, a single rat was placed in a metabolic
cage to measure various physiological parameters, including body
weight (g), food consumption (g), water intake (mL), and urinary
output (mL). This process was repeated sequentially for all seven
rats. The same procedure was followed across all treatment periods
to ensure consistency in data collection. The metabolic cages were
thoroughly cleaned every day to prevent cross-contamination.

Each rat was kept independently in the metabolic cage for 24 h. The
rat was provided 100 g of food and 250 mL of water, post 24 h, all the
parameters mentioned above were measured. The 15treatment period
- week measurements involved the control rats with the inclusion of
10 mL/kg of normal saline (IP). The 2" treatment period involved
furosemide (IP) (20 mg/kg), and the measurements were noted
respectively. The 3™ and 4™ treatment periods involved low-dose and
high-dose Prunus extract in water. The 5™ treatment period involved the
inclusion of low-dose CS in the water (500 mg/L), and the 6™ treatment
period was continued with high-dose CS in water (2000 mg/L). The
IP administration during treatments periods 1 and 2 was given to
the rat before being placed in the metabolic cage. The extracts were
administered ad libitum in drinking water during treatment periods 3,
4, 5,and 6. The doses were based on previous studies [1-4,12,13].

Immediately after IP administration, the animal was placed in a
metabolic cage (one rat per cage), specially designed to separate urine
and feces. The urine, collected in graduated vials, was measured at the
endof24 hand expressed asmL/100 gof body weight per 12 h. The urine
samples were stored at —20 C. The concentration of Na+ and K+ ions in
the urine samples was estimated using a calibrated spectrophotometer
and was expressed were expressed as Na* and K* in nmol/L and CI~
in mEq/L. A calibrated pH meter was used to measure the pH of the
urine samples. The following formulas were used for the calculation
of parameters and were compared among the different period groups.
Urine volume was measured for each animal and used for calculating
diuretic index and saliuretic index. However, electrolyte values were
expressed as concentration rather than total excretion, which is as per
the methodology of previously reported studies [14-18].

The diuretic index was calculated as the ratio of the mean urine
volume of the test group to the mean urine volume of the control
group. The saliuretic index was calculated as the ratio of the electrolyte
concentration in the urine of the test group to that of the control group.

Preparation of CS

(a) Low-dose-125 mg of crushed CS is put on boil (100°C) in 250 mL of
water in a stainless steel pot. After the water is boiled, it is cooled in
room temperature for 10-15 min. Then the water is filtered using
a strainer into a plastic bottle that is attached to the metabolic cage
for the rats to drink. The water consumed, urine output, and the food
eaten are measured 24 h later.
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(b) High-dose-500 mg of crushed CS is put on boil (100°C) in 250 mL
of water in a beaker. After the water is boiled, it is cooled in room
temperature for 10-15 min. Then the water is filtered using a strainer
into a plastic bottle thatis attached to the metabolic cage for the rats
to drink. The water consumed, urine output, and the food eaten are
measured 24 h later.

Preparation of P. cerasus

(a) Low-dose-125 mg of crushed P. cerasus is put on boil (100°C) in
250 mL of water in a stainless steel pot. After the water was boiled, it
was cooled at room temperature for 10-15 min. Then the water was
filtered using a strainer into a plastic bottle that is attached to the
metabolic cage for the rats to drink. The water intake, urine output,
and the food eaten were measured 24 h later.

(b) High-dose-500 mg of crushed P. cerasus was put on a boil (100°) in
250 mL of water in a stainless steel pot. After the water was boiled,
it was cooled in room temperature for 10-15 min. Then the water
was filtered using a strainer into a plastic bottle that was attached
to the metabolic cage for the rats to drink. The water intake, urine
output, and food eaten were measured 24 h later.

Statistical analysis

All data were expressed as mean*standard deviation (SD) (n=7).
Statistical comparisons between the control and treatment data sets
were performed using Student’s t-test. A p<0.05 was considered
statistically significant. Statistical analysis was carried out using
through IBM Statistical Package for the Social Sciences version 29.

RESULTS

The study compared urine volume and electrolyte excretion among
different groups, including a control group, a furosemide-treated group,
and groups receiving different doses of Prunus and Sappan extracts, and
results been shown in Table 1.

Urine output

Urine output was significantly higher in the Furosemide group
(18.5%£4.54 mL, p<0.05) compared to the control (10.41+3.49 mL). The
Prunus and Sappan groups showed varying effects:

Prunus (low dose): 8.5+4.13 mL, Prunus (high dose): 9.16+1.32 mL,
Sappan (low dose): 11.41+2.37 mL, and Sappan (high dose):
9.33+1.63 mL.

Electrolyte excretion

e Sodium (Na*): The Furosemide group exhibited significantly
increased sodium excretion (194.24+20.59 nmol/L, p<0.05)
compared to the control (159.56+37.66 nmol/L). Prunus (low dose)
showed a significant reduction (75.5+13.81 nmol/L, p<0.05), while
Prunus (high dose) showed a moderate decrease (108+7.7 nmol/L,
p<0.05).

e Potassium (K*): Potassium excretion was significantly higher in the
Furosemide group (134.78+17.91 nmol/L, p<0.05) compared to
the control (110.76+14.8 nmol/L). The Prunus (high dose) group
exhibited a notable increase (174.33+28.94 nmol/L, p<0.05).

e Chloride (CI7): Furosemide significantly increased chloride
excretion (30.28+10.44 mEq/L, p<0.05) compared to the control
(10.88+2.30 mEq/L). Other groups did not show significant
variations except Sappan (high dose) (16.84+5.15 mEq/L).

Table 1: The comparison of urine volume and electrolytes among the study groups

Groups (n=7) Urine output (mL) Na‘*nmol/L K*nmol/L Cl'mEq/L
Control 10.41+3.49 159.56+37.66 110.76+14.8 10.88+2.30
Furosemide group 18.5+4.54* 194.24+20.59* 134.78+17.91* 30.28+10.44*
Prunus (low dose) 8.5+4.13 75.5£13.81* 107.96+40.63 9.96+4.36
Prunus (High dose) 9.16+1.32 108+7.7* 174.33+£28.94* 10.83+2.51
Sappan (low dose) 11.41+2.37 149.73+18.14 104.81+22.97 12.10+3.68
Sappan (high dose) 9.33+1.63 158.13+32.9 99.93+10.8 16.84+5.15

*p<0.05; The values are expressed as mean+SD. The comparison was done with the control group by t-test. SD: Standard deviation
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Diuretic and saliuretic indices

Diuretic index: Furosemide demonstrated the highest diuretic activity
(1.78), followed by Sappan (low dose) (1.09), while Prunus (low dose)
showed the lowest (0.81). Saliuretic index: Sodium excretion was
highest with Furosemide (1.21), whereas Prunus (low dose) showed
the lowest sodium excretion index (0.47). The potassium excretion
index was highest with Prunus (high dose) (1.57). Chloride excretion
was significantly increased in the Furosemide group (2.7), whereas
Prunus (low dose) had the lowest effect (0.91) (Table 2).

DISCUSSION

The study evaluated the diuretic effects of Prunus and Sappan extracts
compared to furosemide, a well-known diuretic, and a control group.
The results indicate that the plant extracts exhibited varying degrees of
diuretic and saliuretic effects.

The diuretic potential of natural extracts has been widely
documented. Azaryan reported that aqueous extract of C. avium
stem powder (200 and 400 mg/kg) exhibited therapeutic effects
on calcium oxalate stones and reduced calcium oxalate deposits
in rats with nephrolithiasis [7]. Similarly, another study found
that individuals with nephrolithiasis consumed less cherry fruit
compared to healthy controls [19], suggesting a possible association
between cherry consumption and renal health. Clinical studies have
also shown that Prunus avium stalk capsules increase urine output
and act as a mild diuretic without adverse effects [20]. However, our
study showed no diuretic activity, possibly due to the selected dose
range in our study.

In our study, the urine output was significantly higher in the furosemide
group (18.5+4.54 mL, p<0.05) compared to the control (10.41+3.49 mL).
Prunus and Sappan groups displayed varying effects, with Sappan (low
dose) showing the highest urine output among the extract-treated
groups (11.41+2.37 mL); however, this was not statistically significant.
These findings indicate that while Sappan extracts may have some
diuretic effect, their efficacy is lower than furosemide. This suggests
that the diuretic activity of CS may not be as potent as other traditional
herbal diuretics.

Electrolyte  excretion  analysis showed that furosemide
significantly increased sodium (194.24+20.59 nmol/L), potassium
(134.78+17.91 nmol/L), and chloride (30.28+10.44 mEq/L) excretion
compared to the control. Notably, Prunus (low dose) significantly
reduced sodium excretion (75.5+13.81 nmol/L, p<0.05), whereas Prunus
(high dose) exhibited a moderate decrease. Interestingly, Prunus (high
dose) increased potassium excretion (174.33+28.94 nmol/L, p<0.05),
suggesting a distinct ionic modulation compared to conventional
diuretics. These results differ from Sayana et al, who found that
Cissampelos pareira root extract increased sodium, potassium, and
chloride excretion to levels comparable to furosemide [21]. This
discrepancy suggests that CS may have a different mechanism of action
compared to more established herbal diuretics. Several herbal extracts,
including Hedyotis scandens, Ficus sur Forssk, and Verbascum nigrum
L., have demonstrated diuretic effects in animal studies [22-24]. In
comparison, our study found that CS had a lower diuretic index than
these established herbal diuretics, indicating that it may have a weaker
overall effect on fluid balance.

Table 2: Diuretic and saliuretic indices of different

treatment groups
Group Diuretic Saliuretic  Saliuretic Saliuretic
index index (Na*) index (K*) index (Cl7)

Furosemide 1.78 1.21 1.21 2.7

Prunus (low dose)  0.81 0.47 0.97 091
Prunus (high dose) 0.87 0.67 1.57 0.99
Sappan (low dose) 1.09 0.93 0.94 1.11
Sappan (high dose) 0.89 0.99 0.9 1.55
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Lenchyk et al. showed P cerasus diuretic and potential for use
in gout [13]. Similarly, the anti-oxidant, antimicrobial, and anti-
inflammatory effects of Prunus are well documented [25-27]. These
studies are not in congruence of our findings, which showed a lack of
diuretic actions.

Strengths and limitations

This study effectively utilized a minimal number of animals while
adhering to ethical research principles. Rats served as a valuable model
due to their metabolic similarities to humans, allowing for controlled
evaluation of CS’s diuretic effects. The study’s design of sequential
nature favored the reduction of inter-animal variability as well. The
sequential design is in line with animal ethical principles of reducing
the number of animals among 3Rs, which includes refinement and
replacement [28-30]. However, findings may not be directly translatable
to humans due to species differences and limited study duration. In
addition, phytochemical variability in extraction methods may affect
reproducibility, and a comprehensive evaluation of renal function was
not included.

The study was conducted with a small sample size (n=7) and
was intended as an exploratory screening, which may limit the
generalizability of the findings. Additionally, while the selected extract
concentrations (500 mg/L and 2000 mg/L) and the 1-week washout
period were based on previous traditional usage and standard crossover
practices, these factors should be taken into account when interpreting
the results. Furthermore, the normal saline, furosemide, and herbal
extracts were administered as a single dose only on the day the rats
were placed in the metabolic cages, which may limit the assessment of
cumulative or long-term effects.

Future directions and implications

Further studies are needed to establish the safety profile, potential
adverse effects, and standardized dosing of Prunus and CS-based
products. While their diuretic effects may be limited, the plants could
offer other health benefits, such as antioxidant or anti-inflammatory
properties, warranting further exploration. This study highlights the
importance of scientific validation in herbal medicines, encouraging
future research into alternative herbal combinations or bioactive
compounds with stronger diuretic potential and promoting evidence-
based integration into traditional and alternative therapies.

CONCLUSION

Brazil wood (CS) has been recognized for its medicinal properties,
including potential diuretic effects. The plant’s flavonoid-rich
composition suggests a role in modulating renal function. However, our
findings do not fully support the hypothesis of increased urine output
with CS treatment, contradicting previous assumptions. The observed
effects on electrolyte excretion suggest potential pharmacological
interactions requiring further investigation. Compared to previously
studied herbal diuretics, CS exhibited a milder diuretic response,
indicating it may not be as potent as other natural diuretics.

Similarly, P. cerasus demonstrated limited diuretic activity in our study.
Although urine output was not significantly increased, the extracts
showed distinct effects: The low dose significantly reduced sodium
excretion, while the high dose markedly increased potassium excretion.
These findings suggest that cherries may influence electrolyte balance
without exerting a strong diuretic effect. Given that Prunus cerasoides, a
related species widely used in traditional medicine, has been reported to
possess antioxidant and anti-inflammatory properties, further research
is warranted to evaluate whether different extraction methods, doses,
or species variations could yield stronger renal or diuretic responses.

This study is among the first to comparatively evaluate the diuretic
properties of CS. Future investigations should focus on identifying
the active bioactive compounds, elucidating their mechanisms, and
assessing the clinical significance of these plants, including P. cerasoides,
as potential complementary therapies.
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