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Abstract

Although present in the leaves of Mimosa bimucronata (DC.) and many other medicinal plants commonly used to augment
urinary volume excretion, the effects of gallic acid as a diuretic agent remain to be studied. Wistar rats were orally treated with
vehicle, hydrochlorothiazide, or gallic acid. The effects of gallic acid in the presence of hydrochlorothiazide, furosemide,
amiloride, L-NAME, atropine, and indomethacin were also investigated. Diuretic index, pH, conductivity, and electrolyte
excretion were evaluated at the end of the experiment (after 8 or 24 h). Gallic acid induced diuretic and saluretic (Na* and
CI') effects, without interfering with K* excretion, when orally given to female and male rats at a dose of 3 mg/kg. These effects
were associated with increased creatinine and conductivity values while pH was unaffected by any of the treatments. Plasma Na™,
K*, and CI" levels were not affected by any of the acute treatments. The combination with hydrochlorothiazide or furosemide was
unable to intensify the effects of gallic acid when compared with the response obtained with each drug alone. On the other hand,
the treatment with amiloride plus gallic acid amplified both diuresis and saluresis, besides to a marked potassium-sparing effect.
Its diuretic action was significantly prevented in the presence of indomethacin, a cyclooxygenase inhibitor, but not with the
pretreatments with L-NAME or atropine. Although several biological activities have already been described for gallic acid, this is
the first study demonstrating its potential as a diuretic agent.
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Introduction

Gallic acid, also known as 3,4,5-trihydroxybenzoic acid, is a
naturally phenolic acid found widely distributed in fruits and
plants, either in its regular form or as derivatives, including in
wine and green tea (Blanco et al. 1998; Ow and Stupans
2003). Gallic acid and its derivatives are known to display a
variety of biological functions, in addition to their primary
antioxidant activity (Govea-Salas et al. 2016; Omobowale
et al. 2017; Phonsatta et al. 2017), like antiproliferative
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(Subramanian et al. 2016), hypoglycemic (Huang et al.
2016), and anti-inflammatory (Lin et al. 2015) effects.

A previous study has demonstrated that the phenolic com-
pounds are the majorities of the specie M. bimucronata, in-
cluding methyl gallate and gallic acid, and the extracts and
methyl gallate present diuretic, natriuretic, and kaliuretic prop-
erties when orally given to rats (Schlickmann et al. 2017).
Although gallic acid was identified as one of the main com-
ponents of M. bimucronata and in many others plants with
diuretic activity indication, no study has been conducted so far
evaluating its effects on experimental trials. Moreover, gallic
acid already revealed several biological properties in the car-
diovascular and renal system, demonstrating its therapeutic
potential for conditions that affect these systems, which stands
out a cardioprotective action against advanced glycation end
product-induced cell proliferation (Umadevi et al. 2012) and
cardiac remodeling (Umadevi et al. 2014), a vasorelaxant (de
Oliveira et al. 2016) and antihypertensive (Jin et al. 2017,
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Kang et al. 2015) effects and cardio and renoprotection
(Ajibade et al. 2016).

This study therefore aimed to explore the diuretic and
saluretic effects of gallic acid in rats, including its properties
in combination with standard diuretic agents commonly used
in clinical practice as an attempt to evaluate its main mode of
action.

Material and methods
Plant material and isolation of gallic acid

The leaves of M. bimucronata were used to prepare the extract
and fractions and to isolate gallic acid as previously described
[9]. Briefly, the methanolic extract was partitioned to obtain
the dichloromethane (DCM) and ethyl acetate (EA) fractions.
The latter was subsequently submitted to chromatography ap-
proaches, which made possible the purification and isolation
of gallic acid (=96% purity grade). All methodological de-
tails, as well as yield percentages, chromatographic tech-
niques, and HPLC analysis, are available in Schlickmann
et al. (2017).

Animals

Male and female Wistar rats, 3—4 months old, provided by
Universidade do Vale do Itajai (UNIVALI) were used in the
experiments. The animals were kept under regular laboratory
environments, 12-h light/dark cycle, and constant temperature
(22 £2 °C), with water and food ad libitum. All the protocols
described here were submitted and approved by institutional
ethics committee from UNIVALI (license no. 045/16) and
were performed following all the international standards and
ethical guidelines on animal welfare.

Evaluation of diuretic activity

One day before the start of the tests, all animals were accli-
mated in metabolic cages for 2 h. The animals were then kept
fasted, with free access to water, 12 h before the beginning of
the treatments. The rats (n = 6-8) received orally the treat-
ments including vehicle (CT; water plus 1% tween; 1 ml/
kg), hydrochlorothiazide (HCTZ; 10 mg/kg), or gallic acid
(GA; 0.3, 1, or 3 mg/kg). Right after the treatments, the ani-
mals were separated and allocated in metabolic cages. The
volume of urine excreted was measured in the first and each
2 h, for a total of 8 h. For the groups treated with CT, HCTZ,
and GA (3 mg/kg), the urine was collected for a total of 24 h,
besides to obtaining blood samples for evaluation of plasma
electrolyte content and determination of creatinine clearance.
Urine volume was expressed as ml/100 g. The values of pH,
conductivity, and electrolyte excretion (Na*, K*, and CI")
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were measured in total urine at the end of collections. The
description of the analytical procedures adopted in this study
can be found with all the details in de Souza et al. (2017a).

In another experimental approach, different groups of rats
were orally treated with HCTZ (10 mg/kg), furosemide
(10 mg/kg), amiloride (3 mg/kg), L-NAME (60 mg/kg), indo-
methacin (5 mg/kg), atropine (1.5 mg/kg), or vehicle (1 ml/kg;
water plus 1% tween). After 1 h, these groups were treated
with gallic acid (3 mg/kg) or just vehicle (1 ml/kg; water plus
1% tween) and were submitted to the same protocols de-
scribed above. All drugs as well as the doses used in these
experiments were selected from previous studies (Boeing
et al. 2017; De Souza et al. 2013, 2017a, b; Gasparotto et al.
2012; Schlickmann et al. 2017).

Statistical analysis

The results were expressed as mean =+ standard error of mean
(SEM) of 6-8 animals each group. One- or two-way analysis
of variance (ANOVA) followed by Dunnett’s multiple com-
parison test were performed using GraphPad Prism version
6.00 for Windows (GraphPad Software, La Jolla, CA, USA).
A p <0.05 was considered statistically significant.

Results
Diuretic and saluretic effect of gallic acid in rats

It was first performed an initial screening for biological activ-
ity to determine if gallic acid had diuretic effect, by using both
female and male rats. As shown in Fig. 1a, gallic acid at a dose
of 3 mg/kg, but not 0.3 and 1 mg/kg, was able to efficiently
augment the urinary volume when orally given to female rats,
similar to the clinical reference thiazide-type diuretic hydro-
chlorothiazide (used both as a positive control and as an inter-
nal control of the experiments). In the same way, Fig. 1b
displays the effect of gallic acid-treated male rats, at dose of
3 mg/kg, on cumulative urine volume, which revealed the
ability of gallic acid to induce diuresis also in male rats.

Moreover, as presented in Table 1, the treatment with gallic
acid (female groups) also promoted increased urinary Na* and
CI excretion without altering the levels of K*, which is par-
ticularly interesting since it shows that the compound has di-
uretic and saluretic, but not kaliuretic, effect. The urinary pH
values were not altered by any of the treatments, while con-
ductivity was increased to the groups treated with hydrochlo-
rothiazide or gallic acid (Table 1). Supporting these findings,
creatinine values were also significantly higher in the groups
treated with HCTZ and gallic acid, respectively, 1.78 +£0.28
and 1.56+£0.17 mg/dl, while in the vehicle-treated group, it
was 1.15+0.06 mg/dl.
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Fig. 1 Cumulative urine volume of female and male rats treated with
gallic acid. a Urine volume of female rats after the treatment with
different doses (0.3-3 mg/kg) of gallic acid. b Urine volume of male
rats treated with gallic acid (3 mg/kg). The control (CT) group received
vehicle (1 ml/kg). The values show the mean + SEM. Statistical analysis

Similarly, the levels of Na* and CI” excreted in urine sam-
ples collected from male rats were also significantly higher,
with values of 147.20+14.62 and 185.30+ 11.47 mmol/L of
Na* for gallic acid and hydrochlorothiazide-treated groups,
respectively, against 99.55 +13.57 mmol/l in the vehicle-
treated group (p <0.05); and 171.50+10.36 and 257.00 +
16.27 mmol/l of CI" for gallic acid and hydrochlorothiazide-
treated groups, respectively, against 128.00 £+ 10.71 mmol/l in
the urines from the vehicle-treated group (p < 0.05). Such as in
female rats, the urinary K* content was not altered after the
treatment with gallic acid (data not shown).

Additionally, the biological properties of gallic acid were
also investigated in 24-h assay, as shown in Table 2. Gallic
acid was able to induce a sustained diuretic and saluretic, but
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was performed by means of two-way ANOVA followed by Dunnett’s
multiple comparisons test. *p <0.05 when compared with the CT
(vehicle-treated only group). GA =gallic acid; HCTZ =
hydrochlorothiazide

not kaliuretic, effect when compared with the vehicle-treated
group. Although significant changes in urinary electrolyte ex-
cretion were found, plasma levels of Na*, K*, and CI” were
not affected by any of the acute treatments. Moreover, both
HCTZ and gallic acid significantly augmented creatinine
clearance when compared with CT group.

Gallic acid-induced diuresis and saluresis and its
combination with diuretics drugs

We then evaluated the effects of gallic acid in combi-
nation with other clinical reference diuretics, hydrochlo-
rothiazide, furosemide (one of the most commonly used
loop diuretics), and amiloride (a representative of the

Table 1 Urinary parameters (8 h) after oral treatment with gallic acid isolated from M. bimucronata in rats
Groups pH Conductivity (mS/cm)  Na* (mmol/L) K* (mmol/L) CI” (mmol/L) Saluretic index®

Na* K* Cl
CT (vehicle) 6.80£0.12 16.86£0.52 71.25+£11.94 23.74+1.90 142.50+13.08 - - -
HCTZ 10 mg/kg 6.93+0.15 20.77 £0.46% 168.20+£10.25% 40.76 £1.50% 249.60 £ 09.57* 236 171 175
GA 0.3 mg/kg 6.74+0.15 16.66+0.39 84.69+£10.50 26.85+3.39 180.40+21.54 1.18  1.13 126
GA 1 mg/kg 6.37+0.20 17.06+0.33 84.44+08.14 29.19+4.52 226.50+17.47* 1.18 122 158
GA 3 mg/kg 7.23+£0.23 19.03 £0.26* 122.80+14.44%* 28.18+3.22 261.80+15.46* .72 1.18 1.83
HCTZ + GA® 6.28+£0.05 22.14 +0.49%# 210.00 £30.25%#  37.75+£4.36% 32330+£1843*# 294 159 226
Furosemide + GA® 6.47+0.11 20.54 +0.35% 192.00+22.45%* 32.92+5.46 255.70+30.65*  2.69 138 1.79
Amiloride + GA® 6.61+0.30 19.17 £0.36% 273.80+£49.13*#  05.25+£0.58*#  287.90+20.78* 384 022 202
L-NAME + GA® 6.24+0.16 21.39 +0.52%# 190.00 +20.00%* 33.13+£3.20 245.30+10.52% 266 124 172
Atropine + GA® 6.64+0.25 20.95+0.93* 102.00 £ 12.00 29.83+£3.79 217.80+£16.71 124 139 152
Indomethacin + GA®  6.34+0.37 18.90+0.60 90.00+11.62 29.67+£2.40 182.70+£22.86 126 124 128

The control (CT) group received vehicle (1 ml/kg). The values show the mean + SEM. Statistical analysis was performed by means of two-way ANOVA
followed by Dunnett’s multiple comparison test. *p < 0.05 when compared with the CT group (vehicle-treated only); #p < 0.05 when compared with

gallic acid (GA)-treated group. HCTZ-hydrochlorothiazide
# Saluretic index = mmol/L treatment group/mmol/L control group
® GA = gallic acid at dose of 3 mg/kg
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Table 2 Urinary and plasma

parameters (24 h) after oral 24-h analysis CT (1 mlkg) HCTZ (10 mg/kg) Gallic acid (3 mg/kg)

treatment with gallic acid
ml/100 g/24 h 1.50+0.11 2.50+0.13* 2.19+0.15%
uNa* (mmol/l) 91.97 £22.38 211.30 +31.08* 193.10 + 17.19%*
uK* (mmol/l) 19.36 + 0.69 34.40 +4.12% 26.53 +4.29
uCl™ (mmol/l) 186.00 = 12.24 314.00 + 15.06* 257.60 + 18.59*
pNa* (mmol/l) 125.0 545 119.0 £2.40 117.4 £3.07
pK* (mmol/l) 425+ 0.46 4.60 £ 0.29 4.00+0.32
pCI” (mmol/l) 259.40 + 1.90 261.60 +£2.19 260.00 = 1.96
pCreatinine (mg/dl) 0.16 £0.01 0.20 £0.03 0.20 £ 0.01
CrCl (ml/min x 100 g) 0.56 £0.01 0.89 £0.07* 0.80 +0.07*

Cumulative urine volume (24 h) is expressed as ml/100 g body weight. The values show the mean + SEM of six
animals each group. Statistical analysis was performed by means of one-way ANOVA followed by Dunnett’s
multiple comparisons test. *p < 0.05 when compared with the vehicle-treated CT (control) group

u urinary samples, p plasma samples, CrCI creatinine clearance, HCTZ hydrochlorothiazide

class of potassium-sparing diuretics), as represented in
Fig. 2a—c, respectively. In this way, we can observe that
gallic acid plus hydrochlorothiazide treatment was not
more effective in inducing diuresis than the effect of
each drug administered alone (Fig. 2a). In contrast, as
showed in Table 1, the electrolyte excretion was shown
to be significantly higher with the use of drugs in com-
bination. Similarly, Fig. 2b shows that when gallic acid
was given together with furosemide, the diuretic effect,
as well as the electrolytes excretion (Table 1), remained
at levels close to those obtained with treatment with
only one of the drugs. On the other hand, the group
that received gallic acid plus amiloride treatment had a
significant improvement in urine output versus the gallic
acid or amiloride-only treated group, as represented in
Fig. 2c. Moreover, while the electrolyte (Na* and CI")
excretion profile was also significantly raised in the
urine collected from the group receiving both treat-
ments, the potassium-sparing effect characteristic of
amiloride administration prevailed (Table 1).

Mechanisms involved in the diuretic effect induced
by gallic acid in rats

As an attempt to elucidate the main mode of action of gallic
acid-induced diuresis and saluresis, we next explored the role
of nitric oxide, muscarinic acetylcholine receptors, and renal
endogenous prostanoid generation. Like this, different groups
of rats were pre-treated with L-NAME, atropine and indo-
methacin and after were given gallic acid or just vehicle, as
shown in Fig. 3. The pretreatment with L-NAME, a non-
selective nitric oxide synthase inhibitor, was able to intensify
the diuretic effect of gallic acid (Fig. 3a). With the use of
atropine, a drug that acts by non-selectively blocking musca-
rinic acetylcholine receptors, we also did not detect a signifi-
cant attenuation in the amount of urine excreted at the end of
8 h (Fig. 3b), suggesting that the activation of muscarinic
receptors is probably not pivotal to the diuretic effect of gallic
acid. On the other hand, the pretreatment with indomethacin, a
non-selective cyclooxygenase inhibitor, fully precluded galic
acid-induced diuresis (Fig. 3¢) and saluresis (Table 1), which
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Fig.2 Diuretic effect of gallic acid in combination with reference diuretic
drugs. Cumulative urine volume of female rats treated with a
hydrochlorothiazide (HCTZ; 10 mg/kg), b furosemide (10 mg/kg), and
¢ amiloride (3 mg/kg) in combination with vehicle-only or gallic acid
(GA; 3 mg/kg). The values show the mean+ SEM. Statistical analysis
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was performed by means of two-way ANOVA followed by Dunnett’s
multiple comparison test. *p <0.05 when compared with the CT
(vehicle-treated only group). #p < 0.05 when compared with GA-treated

group
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Fig. 3 Effect of pretreatment with L-NAME, atropine, and indomethacin
on gallic acid-induced diuresis. Panels a L-NAME, b atropine, and ¢
indomethacin pre-treated female rats in combination with vehicle-only
or gallic acid (3 mg/kg). The control (CT) group received vehicle (1 ml/
kg). The values show the mean + SEM. Statistical analysis was performed

suggests that endogenous prostanoids generation seems to be
important to gallic acid that exerts its diuretic effect.

Discussion

There is great interest in the search for secondary metabolites
obtained from vegetal species for the treatment of pathologies
that affect humans in the clinic, with particular attention to
those that disturb the cardiovascular and renal systems. In this
context, the capacity to prompt negative fluid stability has
made diuretics useful in the treatment of a variety of condi-
tions, which include cardiac failure, hypertension, hepatic cir-
rhosis, nephrotic syndrome, nephrogenic diabetes insipidus,
and other edematous disease states (Plant 2003; Rose 1991).
They are often used as the first line management for mild to
moderate hypertension and are a central part of the treatment
of symptomatic heart failure (Sarafidis et al. 2010a, b).
Considering the therapeutic importance of diuretics, their ex-
tensive clinical application and taking into account the abun-
dant use of plants for this purpose in folk medicine, becomes
important to elucidate the potential efficacy and security of
these plants as well as of their active constituents.

As already mentioned in the introduction section, our pre-
vious study demonstrated both chemical characterization and
the biological effect of the specie M. bimucronata and its main
constituent methyl gallate (Schlickmann et al. 2017). In this
way, we give continuity to these investigations now extending
the effects of gallic acid, another well-known phenolic com-
pound. When given to female or male rats, gallic acid was able
to induce both diuresis and saluresis, 8 or 24 h after treatments.
It is worth noting that despite the similar efficacy between the
positive control hydrochlorothiazide and gallic acid, the effec-
tive dose of gallic acid was about 3 times lower than the dose
of hydrochlorothiazide. In addition, unlike hydrochlorothia-
zide, the renal properties of gallic acid were unassociated with
changes in urinary K* excretion. Considering electrolyte dis-
turbance, especially those related to an excessive loss of po-
tassium, are one of the main side effects associated with

by means of two-way ANOVA followed by Dunnett’s multiple
comparisons test. *p <0.05 when compared with the CT (vehicle-
treated only group); #p <0.05 when compared with gallic acid (GA)
plus vehicle-treated group

diuretics of the thiazide and loop classes (Legroux-Gerot
et al. 2004; Sarafidis et al. 2010a, b; Singh et al. 2014), this
result suggests a potential for future investigations either with
this molecule given alone or in combination with other drugs,
as we will discuss in the next paragraphs.

Diuretics are classified according to their mode of action
along the nephron, which allows them to have unique effects
on the organism (Ferrari and Frey 2000; Wargo and Banta
2009). They act by reducing sodium reabsorption at different
sites in the nephron, thereby increasing urinary excretion of
sodium and water. Combination diuretic therapy using drugs
with different mechanisms of action is commonly used in
clinical practice, either as a strategy to amplify their renal
effects or to minimize the incidence of adverse events.
Therefore, the data described in this study point for a benefi-
cial effect of gallic acid in the promotion of diuresis and
saluresis especially when evaluated their effects in combina-
tion with amiloride (a potassium-sparing diuretic), which
showed an intense water and salt loss, preserving the
antikaliuretic characteristic of amiloride. On the other hand,
the combination of gallic acid with the loop diuretic furose-
mide did not result in any additional gains in total electrolyte
content and volume of urine excreted, which may either be
related to competition for the site of action or even an event of
pharmacological antagonism. Finally, the combination of gal-
lic acid plus the thiazide-type diuretic hydrochlorothiazide,
although it has not significantly enhanced the diuretic index,
was very effective in potentiating electrolytes excretion,
which may be particularly interesting in severe cases of asso-
ciated edema. However, because of the risk of inducing severe
hypokalemia and hyponatremia, these combinations should
always be closely monitored and their risks and benefits eval-
uated on a case-by-case.

There are several evidences in the literature supporting
vasodilatory effects of diuretics. For instance, both loop and
thiazide diuretics are described able to induce vasodilation.
The vasculature action of these two classes of diuretics is
possibly correlated with either the loss of Na* and water from
the vessel wall (Greenberg et al. 1994; Qavi et al. 2015;
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Raftery 1994; Silke 1994), and through the release of arachi-
donic acid metabolites, endothelin derived relaxing factor and
potassium channel activation (Pickkers et al. 1998; Wiemer
et al. 1994). In addition, there is also data showing that loop
diuretics induces venodilation, an effect sustained by the re-
lease of nitric oxide, which might contribute for changes in
venous return impacting on cardiac output and in this way on
blood pressure (de Berrazueta et al. 2007). Applying these
evidences for the findings described in this study, we detected
that the pre-treatment with L-NAME, a non-selective nitric
oxide synthase inhibitor, was able to significantly strengthen
the diuretic index induced by gallic acid. This ability of L-
NAME to potentiate the diuresis of isolated compounds, al-
though not well understood, has already been described in the
literature (Boeing et al. 2017; De Souza et al. 2017b;
Schlickmann et al. 2017). On the other hand, while the block-
ade of muscarinic acetylcholine receptors by atropine was
unable to prevent gallic acid-induced diuresis, the pretreat-
ment with indomethacin, a non-selective cyclooxygenase in-
hibitor, significantly precluded the diuretic effect of gallic ac-
id. Considering cyclooxygenase is an enzyme that is respon-
sible for formation of prostanoids, it is possible to infer that, at
least in part, the diuretic and saluretic properties of gallic acid
described in this study are due to the greater release of these
vasodilator mediators.

Taking together, the results presented herein revealed the
diuretic and saluretic effect of a single dose of gallic acid in
rats. This study also showed the beneficial effects of the com-
bination of gallic acid with reference diuretics (following a
common practice in the clinic) and disclosed about the in-
volvement of endogenous prostanoids on gallic acid-induced
diuresis and saluresis.
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