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Abstract

The aim of this research was to perform phytochemical screening and to evaluate the diuretic effect of the
hydroalcoholic extract of flowers of Oreocallis grandiflora on Wistar albino rats (Rattus norvegicus).
Hydroalcoholic extract of the dry powered flowers of O. grandiflora was obtained by cold maceration method and
was subjected to preliminary phytochemical screening. The diuretic activity of the plant extract at doses of 25, 100
and 200 mg/kg and control (furosemide 10 mg/kg) was carried out using metabolic cages, determining the urine
volume excreted and the Na*, K*, CI" and Ca™ urine concentrations. Furthermore, total phenolic content was
estimated by using Folin-Ciocalteu reagent, total flavonoid content was evaluated through of AlCl; complexation
method and 2,2-Diphenyl-1-picrylhydrazyl (DPPH) was used to determine the in vitro antioxidant activity of plant
extract.

Phytochemical analysis of extract revealed the presence of major classes of phytochemicals such as flavonoids,
tannins, triterpenes, steroids, etc.; but no alkaloids were detected. The hydroalcoholic extract showed a high
phenolics and flavonoids content, also exhibited an appreciable antioxidant activity. The diuretic activity of the
plant extract was significant in comparison with the standard diuretic drug, furosemide; due it does not show a
statistical difference (p<0.05) when comparing the lower dose of the hydroalcoholic extract (25 mg/kg) v.s.
furosemide (10 mg/kg). The diuretic effect of the plant extract was inversely proportional to the dose.

Based on the results of this preliminary study, it can be concluded that O. grandiflora is a very interesting source
of natural diuretic compounds which can be used to prevent many chronic disorders. Further detailed
phytochemical studies are needed to identified the chemical compounds responsible of the potent diuretic
activity showed.
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Introduction

According to the World Health Organization
(WHO), the wellbeing of 80 % of the population
in developing countries depends mostly on the
use of medicinal plants (1). Medicinal plants
have been used extensively for traditional
treatment of renal diseases and a significant
number of vegetal species have been
recognized and reported to show diuretic
activity (2).

A recent analysis, associates low doses of a
selected group of diuretics with a substantial
improvement of primary hypertension and
reduction of cardiovascular outcomes; as well
as an appreciable decrease in side effects
associated with the use of diuretics (3), hence
the importance of studying new sources of
diuretics.

O. grandiflora is a vegetal species belonging
to the Proteaceae family and it is native of
Ecuador. The common names with which is
known at Ecuador are: cucharillo (at Loja and
Zamora provinces), cucharilla (along to the
Sierra region of Ecuador), gafal (at Bolivar
province) and algil (at Chimborazo province).
This plant is widely used for gastric ulcer and
liver (complaints), injuries and kidneys in
association with Equisetum sp. by the
indigenous communities of Ecuador; in
accordance at Useful Plants of Ecuador
compendium made by Rios et al. 2007 (4), also
according to ethnobotanical information it has
been established that it may be useful to treat:
hernias, liver diseases, intestinal tract
infections, cholesterol, nephritis, diabetes,
gastric ulcer, inflammations, eye problems,
influenza (5), strong sensation of cold, after
hard work in the sun, bath against cold (6),
vaginal bleeding, ovary/uterus inflammation (7)
are remarked. Moreover, O. grandiflora is one
of the 71 species that make up the traditional
drink called “Horchata”. A recent study on this
preparation mention the following traditional
uses for O. grandiflora such as anti-
inflammatory, digestive, diuretic, hepatic,
hypoglicemic agent and vulnerary (8).

The present study was conducted with the
objectives (i) to identify the major classes of
phytochemicals present in the flowers of O.
grandiflora grown in Ecuador, (ii) to determine
the total phenolic and flavonoid content (TPC)
and radical scavenging activity in flowers of O.

grandiflora and (iii) to evaluate the diuretic
activity of O. grandiflora flowers by in vivo
model using Rattus norvegicus to validate its
use in traditional medicine.

Materials and methods

Drugs and chemicals.

Furosemide and 2,2-Diphenyl-1-picrylhydrazyl
were purchased from Sigma-Aldrich, S.L. (USA),
deionized water was used in all experimental
procedures. All other reagents were of
analytical or high performance liquid
chromatography grade as appropriate.

Collection of plant material

Oreocdllis  grandiflora (Lam.) R. Br,
Proteaceae, was collected at Ecuador, Loja
province, Olmedo town, sector S 03° 56’ 0.172”
W 079° 38’ 25.814”, at 1314 meters above sea
level. The plant material was taxonomically
identified by the botanist Jorge Caranqui at
Polytechnic School of Chimborazo and a
specimen was deposited at Herbarium, number
of deposit ESPOCH 4323. O. grandiflora flowers
were collected, dried at 50 °C in a forced
convection oven for 8 h, and it were ground in
a knife mill until particle size of 2-3 mm.

Extraction of the plant material

The dried powdered flowers (100 g each)
were extracted by maceration with 1000 mL
70% v/|v ethanol for 72 h at room temperature
with occasional shaking. Then, the extracts
were filtered and the process was repeated on
the marc until material were exhausted. The
collected filtrates were polled and evaporated
under reduced pressure (50°C, -0.5 bar) to yield
the dry extract (1.82%). The obtained solids
were stored at 4°C and vacuum until use.

Preliminary phytochemical screening

Phytochemical screening of the freshly
prepared crude extracts of flowers was carried
out to investigate the presence of secondary
metabolites such as flavonoids, alkaloids,
terpenoids, saponins, and tannins using
standard procedure (9) (10).

Total flavonoid determination

The total flavonoids were measured by a
colorimetric assay modified by Boukhris et al.
(2013). 1 mL aliquot of the diluted sample or
standard solution of quercetin (20, 40, 60, 80
and 100 mg/L) was added to a 10 mL volumetric
flask containing 4 mL of H,0. At zero time, 0.3
mL of NaNO, (5%, w/w) was added to the flask.
After 5 min, 0.3 mL AICl; (10% w/w) was added.
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At 6 min, 2 mL of NaOH (1 M) was added to
the mixture. Immediately, the reaction flask
was diluted to volume with the addition of 2.4
mL of of H,0 and thoroughly mixed. The
absorbance of the mixture, characterized by a
pink colour, was determined at 510 nm
compared to a water control (11). Total
flavonoids were expressed as mg quercetin
equivalents (QE)/100 g of hydroalcoholic
extract.

Total phenolics determination

The Folin-Ciocalteau method for
determination of total phenolics was used in
accordance with the description of Waterman
and Mole (12). To 200 mL of deionized water
were added 50 g of Na,WO, 6.13 g of
H;PMo,,040,, 25 mL of concentrated HCl, and
12.5 mL of 85% o-H;PO,, and the solution was
refluxed for 10 h. A few drops of Br,(liq) was
added, and the final volume was adjusted to
250 mL. Sample (200 pL) was vortexed with
about 10 mL of destilled water and 1 mL of
Folin-Ciocalteu reagent. After 1 min and before
8 min, 3.75 mL of a 20 g/100 mL Na,CO; solution
was added, and time was recorded as time
zero. The volume was made up to 20 mL with
distilled water, and the solution was vortexed
three to four times during the next 2 h. After
exactly 2 h, the absorbance was recorded at
760 nm (13). Total phenols were expressed as
mg gallic acid equivalents (GAE)[100 g of
hydroalcoholic extract, using a calibration curve
of a freshly prepared gallic acid solution.

Radical scavenging capacity

Solutions of the O. grandiflora hydroalcoholic
extract (flowers) in ethanol 70% v/v were
prepared at concentrations in the range of 10-
1000 pg/mL. 100 pL of each concentration was
mixed with 3.9 mL of 60 uM DPPH in methanol,
at room temperature. The samples were kept in
the dark for 30 min, and only after that was the
absorbance measured at 515 nm in UV-vis
spectrophotometer (14). The blank solution
was composed by methanol. The negative
control solution was prepared by mixing 3.9 mL
of 60 uM DPPH solution with 100 uL of ethanol
70% v/[v. Similar solutions in the same medium
(ethanol 70% v/v) of gallic acid in range of (10-
100 ug/mL) and quercetin in range of (1-250
ug/mL) were prepared and tested for
scavenging activity. The experiments were
repeated 3 times to confirm the reproducibility
of the data. The antioxidant activity was

expressed as the percentage of DPPH radical
inhibition. The 1C50 was calculated by means of
logarithmic regression of the curves obtained
by plotting the results of percentage the DPPH
inhibition (15). On these plots, the abscissa
represents the concentration of O. grandiflora
hydroalcoholic extract (flowers) and the
ordinate represents the antioxidant activity.

Diuretic activity

Adult Wistar female albino rats weighing
180-230 g of equivalent age groups were used.
The animals were kept under standard
laboratory conditions, with standard diet and
water ad libitum, under a 12 h light/12 h dark
cycle.

The method described by Lipschitz with few
modifications was employed for the
assessment of the diuretic activity of
hydroalcoholic extract of O. grandiflora (16).
The experimental animals were fasted for 12 h
prior to experiment allowing only water during
the fasting period. Forty five minutes before to
the treatment aministration to each animal
were administrated 5 mL/ 100 g weight of
isotonic saline solution (NaCl 0.9% p/v) to
impose a uniform hydric load (17).

Twenty five healthy albino Wistar rats were
selected and divided into five groups consisting
of five rats in each group. Group I: Normal
control group; received sodium
carboxymethylcellulose (CMC, 0.5% w/v) orally
at the dose of 10 mL/kg. Group II: Standard
group: received furosemide orally at the dose
of 10 mg/kg. Group Il to Group V served as test
groups and received O. grandiflora
hydroalcoholic extract orally at the dose of 25,
100 and 200 mg/kg, respectively. After 1 h of
respective treatments, the animals were kept in
metabolic cages individually for the collection
of urine. The urine was collected for 6 h after
the dose was administered. The urine samples
were filtered and finally stored at -20 °C for
electrolyte analyses.

The diuretic action and diuretic activity were
derived from the ratio of urine volume in the
test group and that in the control and standard
groups, respectively. It was decided prior to the
start of the experiment that diuretic activity will
be considered “nil”’, “little”, “moderate”, and
“good”, if the values were <0.72, 0.72-1.00,
1.00-1.5, and >1.5, respectively (18).

The sum of Na* and CI" urinary excretion was
calculated as a parameter of saliuretic activity.
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The ratio Na*/K" was calculated for
natriuretic activity. The ratio Cl/(Na+K) was
calculated to estimate carbonic anhydrase
inhibition (19).

Data Analysis

All  values were expressed as mean
values+SD (standard desviation) and data were
analyzed by applying an analysis of variance
(ANOVA) followed by Dunnett test to compare
treatments v.s. standard. The results were
considered statistically significant if P<0.05.

Results

Phytochemical screening

According to the results of preliminary
phytochemical screening the extract showed
the presence of flavonoids, phenolic
compounds, terpenoids, steroids,
carbohydrates, glycosides and saponins.
Alkaloids, proteins and aminoacids were absent
in the extract (see Table 1).

Total flavonoids and total phenolics
determination

The total flavonoids content (TFC) and total
phenolics (TPC) content of the extract
expressed in terms of quercetin equivalents
and gallic acid equivalents, respectively; as well
yield (% w/w) are presented in Table 2. The TFC
were calculated using the following linear
regression equation based on the calibration
curve of  quercetin A=0.0512C+0.0286;
R’=0.9991. Where A is absorbance and C is
amount of quercetin in pug/mL. The TPC were
calculated using the following linear regression
equation based on the calibration curve of
gallic acid A=0.0012C-0.0256; R® =0.9990.
Where A is absorbance and C is amount of gallic
acid in ug/mL. The extract was found to contain
higher amounts of flavonoid and phenolic
compounds.

Radical scavenging capacity

The scavenging capacity of different
concentration of extract on the DPPH free
radical was compared with standard
antioxidant, gallic acid. The results are
expressed as % inhibition and are shown in the
Table 3. The extract showed a dose dependent
scavenging activity and it exhibited 15.38%
inhibition of free radicals at 200 ug/mL whereas
at the same concentration gallic acid showed
92.08% inhibition. The scavenging ability of the
extract was found to be non-significant
(P>0.05) in comparison to gallic acid.

Diuretic activity

The diuretic effect of different doses of
extract in terms of urine volume excretion,
diuretic action and diuretic activity are
summarized in the Table 4. The doses of extract
showed a significant diuretic effect, inversely
proportional to the dose. The diuretic activity
and diuretic action of the extract at the dose
level of 25 mg/kg were comparable to the
furosemide (10 mg/kg), a reference diuretic
drug. No significant differences in the urine
excretion was observed in case of the groups
treated with the extract doses of 25 and 100
mg/kg when were compared to the rats treated
with furosemide.

The diuretic responses with its electrolyte
excretion potency of the O. grandiflora extract
were highly moderate in comparison to normal
control rats. The O. grandiflora extract at all of
tested doses showed a significant increase in
Na*, K" and CI” excretion but not in the Ca™
excretion. The results of urinary electrolyte
excretion after treatment with O. grandiflora
extract at the dose of 25 mg/kg determine that
both for Na* and CI” were comparable to the
furosemide group; however, the K* and Ca**
excretion was higher and lower, respectively,
to all of extract doses compared to the group
treated with furosemide (see Table 5).

The saliuretic activity, natriuretic activity and
carbonic anhydrase inhibition are showed in the
Table 6. The furosemide (10 mg/ kg) and extract
of O. grandiflora at all doses showed potent
saliuretic activity as compared to normal
control. The extract of O. grandiflora didn’t
show carbonic anhydrase inhibition in this
study.

Discussion

In the present study, the diuretic effect of
three doses of hydroalcoholic extract of O.
grandiflora was evaluated on Wistar albino rats.
The results indicate that O. grandiflora at all
dose levels (25, 100 and 200 mg/kg) significantly
increased urine output in a manner inversely
proportional to the dose over a period of 6 h,
demonstrating a double effect on renal
function, including the increase and inhibition
of diuretic activity, differentiating it from
diuretics commonly used in natural medicine
(20). The co-extracted substances in the crude
extract could interfere with the absorption,
distribution or binding to the receptor of the
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active components (17). Therefore, good
diuretic activity was observed among rats
treated with furosemide (21) and O. grandiflora
extract at all doses, except 200 mg/kg dose,
wherein moderate activity was observed. The
diuretic activities of the extract were found to
be highly potent when compared to the normal
control group. However, significant differences
in urinary excretion followed by diuretic action
and diuretic activity were observed. It showed
that the extract action was time and dose
dependent. This can be explained by kinetic
differences of the active principle presence in
the extract (22). The instantaneous effect of
furosemide due to its high bioavailability (23),
as opposed to the administered doses of the
extract, is probably related to the
gastrointestinal absorption characteristics of
the components of the extract or to containing
active metabolites that have a long life and may
even be long-acting in the action site (24). O.
grandiflora extract increased the urinary
excretion of Na*, K" and CI” ions significantly.
Therefore, O. grandiflora has been shown to
possess significant saliuretic effect but not
natriuretic effect. This may be due to the fact
that most diuretics except potassium-sparing
products cause an increase in the excretion of
sodium and potassium ions, because to the
inhibition of sodium reabsorption in the
proximal segment of the nephron by increasing
the secretion of K in the tubular lumen at the
distal segment in a flow-dependent manner. All
doses of the hydroalcoholic extract of O.
grandiflora resulted in a significant increase in
urine volume, Na*, K*, and CI” ion excretion as
compared to the normal control group. This is a
characteristic  of high ceiling diuretic.
Furosemide acts by inhibiting electrolyte re-
absorption in the thick ascending loop of Henle
(25). The high concentration of electrolytes in
urine is related to loop-type diuretics such as
furosemide that act by inhibiting the Na’, K*
and CI" cotransporter located in the thick
portion of the loop of Henle, thus inhibiting the
reabsorption of electrolytes (26). The natural
compounds present in O. grandiflora has not
been studied, but a high flavonoid and
phenolics content which could be responsible
for the various properties, due to the high
content of flavonoids in the extract, this could
be related to diuretic activity because
according to the literature these compounds

act at the level of the nephron increasing
urinary excretion. Furthermore, the diuretic
effect of the O. grandiflora flowers could be
attributed to the presence of phytochemical
groups such as flavonoids, terpenoids and
saponins since they provide favorable effects
on the physiological processes of the kidney,
probably increasing the potassium-saving
capacity, the union with the A1 adenosine
receptor or by inhibiting the tubular
reabsorption of water and anions (27).
Therefore, there is a need of further research
to find out the active principles responsible for
the diuretic activities. In the light of the above
mentioned study, the hydroalcoholic extract of
O. grandiflora constitute an effective diuretic
due to it result in increased sodium, potassium
and chloride ions in urine; which correlate well
with the traditional use of the plant as a
diuretic. However, lower concentrations of
calcium and sodium were observed in the case
of the extract, although higher potassium
excreted than the positive control, and the time
of action is longer when comparing the extract
with the reference drug (furosemide).
Therefore, it could be deduced that the extract
of flowers of O. grandiflora could belong to the
group of thiazide-type diuretics and within this
group to the derivatives of sulphonamides,
which do not increase their diuretic effect
when increasing the dose, although additional
studies are required to clearly determine its
mechanism of action (28). The observations
showed, O. grandiflora had a diuretic spectrum
similar to that of tiazidic diuretic type. Finally,
the extract of flowers of O. grandiflora achieves
the elimination of a lower concentration of
calcium ions against the standard control
(furosemide) even lower than the negative
control (carboxymethyl cellulose). By reducing
the concentration of calcium ion could have the
characteristic of preventing the formation and
aggregation of calcium oxalate stones
inhibiting the subsequent growth of kidney
stones, it is also a scientific basis to classify it as
a thiazide-type diuretic since these are
characterized by eliminating less amount of
calcium in urine, although measurement of
other ions such as phosphate, uric acid, urea
and creatinine is required to be granted these
characteristics (29).

This study confirms the significant diuretic
activity of the hydroalcoholic extract of O.
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grandiflora (flowers) during the
measurement period of the study (6 h).
However, further studies are recommended for
explaining the mechanism of diuretic activity
and acute as well as chronic toxicity.
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Table 1: Results of phytochemical analysis of Oreocallis
grandiflora flowers extract. +: present, -: absent.

Phytochemical test

Name of the test

Oreocallis grandiflora

flowers
Tannins FeCl; test, Lead acetate test +
Steroids Salkowski test +
Flavonoids Ammonia test, Alkaline reagent +
test
Saponins Frothing test +
Proteins and aminoacids Ninhydrin test -
Alkaloids Dragendorff’s, Hager’s, Meyer’s -
and Wagner’s test
Carbohydrates Molisch’s test +
Glycosides Nitroprusside test +
Cardiac glycosides Keller Killiani test -
Terpenoids Salkowski test (modified) +

Table 2: Yield (% w/w), Total Flavonoids Content and Total Phenolics
Content of O. grandiflora flower extract expressed in terms of Quercetin
equivalents and Gallic acid equivalents, respectively. Values are expressed

as mean+SD, n=3.

Extract Yield (% w/w)  Total flavonoid content Total phenolics content
mg of QE/g of extract mg of GAE/g of extract
Flowers 1.82% 158.51+1.53 150.0%0.30
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Table 3: Percentage inhibition of DPPH free radical by Oreocallis grandiflora
flower extract and gallic acid at 515 nm. Values are mean=SD, n=3.

Inhibition of DPPH (%)
Concentration (ug/mL)

Oreocallis grandiflora flower extract Gallic acid

10 3.53+0.14 19.71+0.11

20 3.72+0.23 27.96%0.15

40 4.94+0.55 36.94+0.28

60 7.13x0.71 70.91+0.54

80 8.32+0.64 77.96%0.77

100 9.62+0.82 89.59+0.61
200 15.38+0.85 90.48+0.73
500 34.99+0.33 91.29+0.15
1000 67.14+0.59 92.17£0.76
1Cso 955.23+0.25 33.29£0.12

Table 4: Urine volume, diuretic action and diuretic activity of Oreocallis
grandiflora flower extract at 25, 100 and 200 mg/kg, after 6 hours of the
treatment administration. Urine volume values are mean+SD, n=5. * No

significant difference at P<0.05 with respect to rats treated with

furosemide.
Treatment Urine volume Diuretic action Diuretic activity
(mL)

CMC 0.5% (10 mL/kg) 2.1240.303 1 -

Furosemide (10 mg/kg) 4.86+0.888 2.30 1
O. grandiflora flower extract (25 mg/kg) 4.62£0.768% 2.17 0.94
0. grandiflora flower extract (100 mg/kg) 4.14+0,483% 1.95 0.85
0. grandiflora flower extract (200 mg/kg) 3.62+0,449 1.72 0.75
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Table 5: Effect of extract of O. grandiflora on urinary electrolyte
excretion of Wistar albino rats at 6 h of urine sample collection. Values
are mean#SD, n=5. * No significant difference at P<0.05 with respect to

rats treated with furosemide.

Treatment Urinary Na* Urinary K* Urinary CI” Urinary Ca™*
(mmol/L) (mmol/L) (mmol/L) (mmol/L)
CMC 0.5% (10 mL/kg) 130.60%9.99 50.78+2.77 205.00+14.80 7.17£0.16
Furosemide (10 mg/kg) 183.60+12.34  128.76#18.22  262.67%9.50 9.30%0.19
O. grandiflora flower extract (25
mg/kg) 170.00%10.38% 177.66%9.55 249.00£17.34* 5.36%0.17

O. grandiflora flower extract (100
mg/kg) 153.50%11.32 165.52+8.19  240.33*14.57* 5.32£0.16

O. grandiflora flower extract (200
mg/kg) 148.94+8.00 159.06£6.28  230.67+14.29% 5.31+0.15

Table 6: Effect of extract of O. grandiflora on natriuretic effect,
saliuretic effect and carbonic anhydrase inhibition (CAI) of Wistar albino
rats at 6 h of urine sample collection. Values are mean+SD, n=5. * No
significant difference at P<0.05 with respect to rats treated with

furosemide.
Treatment Saliuretic effect  Natriuretic effect CAl
(Na"+cI") (Na*/K") (CI/[Na* +K'])

CMC 0.5% (10 mL/kg) 337.67£16.50 2.5840.26 0.61£0.03*
Furosemide (10 mg/kg) 449.33%6.43 1.45%0.23 0.59+0.04*

0. grandiflora flower extract (25 mg/kg) 425.40£12.04* 0.96£0.07 0.59+0.04*
0. grandiflora flower extract (100 mg/kg) 402.97£16.09 0.93+0.09 0.61£0.04*
O. grandiflora flower extract (200 mg/kg) 385.03%11.44 0.94+0.03 0.61+0.04*
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