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A B S T R A C T

Introduction: Ceriops decandra (CD) and Ceriops tagal (CT) are two traditionally used mangrove plants widely
distributed along the coastal areas of South Asia, Africa, South Pacific. In this study, we evaluated the diuretic
potential of aerial roots of CD, CT and assessed the effectiveness of the plants’ terpenoids enriched bioactive
constituents against human carbonic anhydrase (hCA) enzyme through molecular docking.
Materials and methods: Firstly, the acute toxicity of CD and CT was evaluated in mice. In vivo diuretic activity was
then studied in mice and the volume of excreted urine was measured. The urine was further examined for pH,
density and Naþ, Kþ, Cl� concentrations. From this, the saluretic, natriuretic, kaliuretic and CAI (carbonic
anhydrase inhibitory) activities were calculated. Finally, total terpenoid contents (TTC) of the plant extracts were
quantified and the terpenoids previously reported from both CD and CT were docked against four hCA isoforms -
hCAII, hCAIV, hCAXII and hCAXIV.
Results: In the acute toxicity assessment, no sign of toxicity was found. In diuretic activity evaluation, both extracts
displayed substantial increase in urine volume, with CD being at top. Concentrations of Naþ, Kþ and Cl� were also
upsurged at a high dose of treatment (500 mg/kg). Both extracts at 500 mg/kg dose demonstrated potent salu-
retic, natriuretic and CAI activity. The TTC of CD was significantly higher than CT. In molecular docking analysis,
greater binding affinity against hCA isoforms was demonstrated by the terpenoids reported from CD.
Conclusion: Aerial roots of both CD and CT possess substantial diuretic activity with an inhibitory effect on CA.
Here, diuretic potential as well as the total terpenoid content of CD were much greater between the two.
1. Introduction

Since time immemorial, metabolites of plants have been a substantial
source of novel drug leads and the mangrove plant species, offering a
plethora of secondary metabolites due to their endurance of harsh
environmental conditions like low oxygen, high salinity, low tempera-
ture etc., have been evidenced to have magnitude of bioactive com-
pounds [1, 2, 3]. Many of these plants are of great importance to the
people of tropical shoreline for their medicinal worth and Ceriops dec-
andra (Griff.) (CD) and Ceriops tagal (Perr.) (CT) of family Rhizophor-
aceae are two of the most common mangrove plants that have
tremendous traditional usage [4].

CD, also known as ‘Goran’ in Bengali, is medium sized, evergreen
perennial shrub with brownish to grey colored bark, simple and spirally
arranged leaves, small white flours, ovoid-conical fruits and stilt roots
[5]. CT, also called ‘Mot Goran’, is a small tree with grey smooth bark,
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obovate-elliptic glossy-green leaves, pendulous white flower, stilt roots
and fruits containing recurved and persistent sepals [6]. CD and CT are
widely distributed along the coastal areas of South Asia, Africa, South
Pacific islands andMadagascar [7]. The whole plant of CD is traditionally
used for treating wounds, hemorrhage, angina and diabetes, the barks are
used for viral infection, the leaves and fruits for ulcer, hepatitis and the
roots for pain [8]. On the other hand, the ethno-medicinal uses of the
barks, leaves and roots of CT include the treatment of hemorrhage, dia-
betes, sores, malaria, ulcers [9].

Magnitude of bioactive phytoconstituents, mostly terpenoids, have
already been reported for both plants. Major di- and triterpenoids reported
from the roots, leaves and barks of CD are ceriopsins A-G; decandrins A-K;
tagalsin X; pinoresinol; lupeol; lupenone; betulin; betulinaldehyde; betulinic
and epibetulinic acid; lupan-3β, 20-diol [8, 10, 11]. In considering CT, the
bioactive terpenoids reported from the roots, stems and aerial parts of the
plant include tagalsins A-H, P, X; ent-5α,2-oxodolabr-3-ene-3,15,16-triol;
021
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betulin; betulinic acid; ent-8(14)-pimarane-16,18-dihydroxy-15-one; (5S*,
8S*,9S*,10R*)-13S*-hydroxy-4S*,18-epoxy-15,16-dinordolabr-1-en-3-one;
lupeol [7, 12].

The versatile medicinal properties, diverse traditional utilization and
vast amount of phytoconstituents steered us to evaluate its effectiveness
against cardiac ailments, specifically hypertension. We investigated the
potential diuretic effect of theplant extracts because themajor compounds
reported from the plants are largely terpenoids andmany terpenoids have
previously been reported for their diuretic potential [13, 14]. Here, the
diuretic activity of aerial roots of both plantswasfirst assayed in vivo using
mice model and a comparison was drawn between the two. The concen-
trations ofNaþ, KþandCl� ions aswell as thepHanddensityof theurine of
extracts treated mice were also determined in order to measure the salu-
retic, natriuretic, kaliuretic and carbonic anhydrase inhibition (CAI)
index. To identify the bioactive phytoconstituents that are responsible for
the diuretic potential of the plant extracts, the previously reported ter-
penoids fromboth plantswere evaluated in silico by site specificmolecular
docking. Here, human carbonic anhydrase (hCA) enzyme was the target
protein as the catalytically active isoforms of hCA - CAII, CAIV, CAXII and
CAXIV are highly expressed in the epithelial cells of renal tubule and are
involved in the acid-base homeostasis, bicarbonate reabsorption and renal
NH4

þ output [15, 16, 17]. Hence, inhibition of the enzyme entirely abol-
ishes the reabsorption of NaHCO3 and stimulates the excretion of Naþ and
Cl� ions [18, 19].

2. Materials and methods

2.1. Chemicals

Analytical grade NaCl, KCl, AgNO3, K2CrO4, NaHCO3, Bi(NO3)3,
tartaric acid, CuSO4, H2SO4, NaOH, sodium potassium tartrate, sodium
citrate, Na2CO3, FeCl3, HCl, HNO3 and α-naphthol were purchased from
Sigma-Aldrich Co., USA. Standard drug frusemide was purchased from
Square Pharmaceuticals Ltd., Bangladesh.

2.2. Experimental animal

Swiss albinomice of either sex, 22–28 g of weight and 6–7 weeks aged
were purchased from the animal house of Department of Pharmacy,
Jahangirnagar University, Dhaka for this study. The mice were kept in a
controlled environment of 27�2 �C temperature and 60–65% relative
humidity for 1–2 weeks before the experiment. The animals were
allowed to free access of water and were fed with standard laboratory
animal feed. All the experiments conducted on animals were approved by
the Animal Ethics Committee of Khulna University, Khulna, Bangladesh
(Reference: KUAEC-2020/08/12).

2.3. Collection and extraction of plants

Aerial roots of CD and CT for this study were collected from the
Sundarbans in October, 2017. Both species were identified by experts at
Bangladesh National Herbarium, Mirpur, Dhaka where two voucher
specimens were submitted for future reference (DACB 43819 for CD and
DACB 43823 for CT). The collected aerial roots were first cleaned, shed
dried to prevent any decomposition of active constituents, ground into
fine powder and then macerated in 96% ethanol. After 14 days, the
macerated samples were filtered, the solvent was evaporated with a
LabTech Rotary Evaporator and traces amount of solvent was desiccated
with Borosilicate Glass Laboratory Vacuum Desiccator. The yield for CD
and CT was 6.65% and 8.05%, respectively.

2.4. Phytochemical screening

Qualitative assessment of phytoconstituents like reducing sugar, com-
bined reducing sugar, phenolic compounds, flavonoids, tannins, saponins,
gums, steroids, terpenoids, alkaloids, glycosides, acidic compounds, amino
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acids and proteinswere conductedwith freshly prepared CDandCT extract
solutions following the methods described by Golder et al. [20].

2.5. Acute toxicity evaluation

Acute toxicity of plant extracts was evaluated using mice according
to the method of Sarkar et al. [21]. The mice were orally administrated
with different concentrations of extracts (250, 500, 1000, 2000
mg/kg) and then kept under observations for 14 days to identify ef-
fects of extracts on behavioral patterns like alertness, locomotion,
salivation, convulsions and potential changes in grip strength, pain
response, even mortality. On the 14th day, the mice were weighed and
compared to control.

2.6. Evaluation of diuretic activity

First, the mice were divided into six groups with 5 mice in each group
(n ¼ 5). Each mouse was then placed in metabolic cage 24 h prior to the
experiment. The animals were fasted overnight and pretreated with
physiological saline (0.9% NaCl) for uniform water and salt load.
Negative control group was orally administered with reconstitution ve-
hicles (Tween 80 and distilled water). The standard group was given
frusemide at 10 mg/kg body weight (b.w.) doses. The other four groups
were treated with CD and CT extracts at 250 and 500 mg/kg b.w. doses.
Urine of the mice were collected and volume was measured each hour for
6 h after administration of samples. After 6 h, the urine was stored under
refrigeration (-20 �C) for future analysis. The effect of samples on the
urinary excretion rate was analyzed using Eq. (1). Diuretic action of
frusemide and plant extracts were then calculated by dividing the urinary
excretion rate of test groups by the urinary excretion rate of control
groups [22].

Urinary excretion¼ Total urinary output
Total liquid administered

� 100% (1)

2.7. Analysis of urine

The freshly collected urine samples were assayed for pH using the D-
50 Series Handheld Water Quality Meters by Horiba Scientific. Density
of mice urine was estimated by measuring the volume and weight of
urine. Concentrations of Naþ and Kþ ions were measured in mEQ/L
with a Jenway PFP7 Flame Photometer using a 100 times diluted so-
lution. Concentration of Cl� ion was estimated by direct titration with
AgNO3 solution (1%) using the potassium chromate (5%) indicator.
From the concentrations of the ions, the saluretic (Naþ þ Cl�), natri-
uretic (Naþ/Kþ), kaliuretic (Kþ/Naþ) and carbonic anhydrase inhibi-
tory (CAI) activity [Cl�/(NaþþKþ)] were calculated [23, 24]. Finally,
the Naþ, Kþ, Cl�, saluretic, natriuretic, kaliuretic and CAI index were
also measured by dividing the values in test group with the values in
control [24].

2.8. Determination of total terpenoid content (TTC)

200 μL of extract solutions in methanol (0.1 mg/mL) was first mixed
with 1 mL of perchloric acid and 300 μL vanillin/glacial acetic acid (5%
w/v) solution. 5 mL of glacial acetic acid was then added to it and the
absorbance was measured at 548 nm with a Shimadzu UV-Visible spec-
trophotometer. Ursolic acid at concentrations 0.0625–1 mg/mL was used
to generate the standard calibration curve [25].

2.9. Preparation of bioactive ligands and hCA isozymes for molecular
docking

To construct an exclusive library of bioactive compounds isolated
from CD and CT, we gathered published research articles from
PubMed, Scopus, Google scholar and 49 bioactive compounds were



Figure 1. Variation in the body weight of extracts administered mice in the acute toxicity evaluation. Data are means of 5 replicates with SD (standard deviation);
*p < 0.05 vs. control (Dunnett's t test).
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selected [7, 8, 10, 11, 12]. The compounds were further checked with
databases like Pubchem, Drugbank and Chemspider. Compounds that
are not available at those databases were drawn by BIOVIA Draw
2018. Finally, by using the B3LYP correlation function of the DFT
method implemented at GaussView software package (version 5.0.8),
energy of each compound was minimized [26, 27]. The three-
dimensional X-ray crystallographic structures of hCAII (PDBID
1Z9Y), hCAⅣ (PDBID 5JNC), hCAⅫ (PDBID 5MSB) and hCAⅩIⅤ
(PDBID 5CJF) were collected from Protein Data Bank (www.rcsb.org).
Then energy minimization process of the four targets were carried in
vacuo with GROMOS 96 43B1 parameters, without reaction field,
using the Swiss-PDB Viewer (version 4.1.0) [28]. Finally, water mol-
ecules, HETATM and unnecessary residues were removed from the
crystal structures of hCA isoforms.
2.10. Site specific molecular docking study of reported compounds

AutoDock software package (version 4.2.6) was used to dock the re-
ported compounds at the active site of hCAII, hCAⅣ, hCAⅫ and hCAⅩIⅤ
[29]. By using administered Universal Force Field (UFF) and steepest
descent optimization algorithm, free energy of each compound was
further minimized. 49 bioactive compounds were docked at the inhibi-
tory sites of enzymes to identify potential candidates. Dimensions of Vina
search space were kept at 26.98, 29.18 and 26.52Å along the XYZ di-
rections. Binding affinity was shown in kcal/mol (as a negative value).
Figure 2. Presentation of urinary output results for 6 h following treatment with stan
of urine at different time points and ‘b’ presents the diuretic action of treatment group
*p < 0.001 vs. control (Dunnett's t test).
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Complex of the best pose at the protein pocket was made using PyMOL
and visualized with Discovery studio (version 4.5) [30,31].
2.11. Statistical analysis

One-way ANOVA analysis of test results was conducted with Dunnet's
t test (p < 0.05, versus control). Pair-wise comparisons were done with
Post-hoc Tukey test (p < 0.05, versus standard/extract). For analyzing
the data, SPSS software of IBM Corporation, New York, USA (version
16.0) was used [32].

3. Results

3.1. Phytochemical screening

Phytochemical investigation of both plant extracts demonstrated
presence of reducing sugar, combined reducing sugar, polyphenols,
tannins, flavonoids, saponins, steroids, terpenoids, alkaloids, glycosides,
protein and acidic compounds in both CD and CT. Gums were present
only in CT.
3.2. Acute toxicity evaluation

In evaluating the acute toxicity of plant extracts, no mortality or
behavioral changes were observed in mice administrated with CD and
dard drug and extracts in the diuretic activity test. Here, ‘a’ presents the volume
s at the time points. Data are means of 5 replicates with SD (standard deviation);

http://www.rcsb.org


Table 1. Effect of plant extracts on urinary volume, pH, density, conductivity and electrolyte output of mice after 6 h of treatment in the diuretic activity test.

Treatment Group pH Density (g/mL) Naþ (mEq/L) Kþ (mEq/L) Cl� (mEq/L) Saluretic
(Naþ þ Cl�)

Natriuretic
(Naþ/Kþ)

Kaliuretic
(Kþ/Naþ)

CAI [Cl�/
(NaþþKþ)]

Control 7.3 � 0.06 0.99 � 0.01 50.61 � 3.58 33.34 � 2.5 65.83 � 13.76 116.44 � 10.62 1.52 � 0.21 0.66 � 0.09 0.79 � 0.18

Frusemide (10 mg/kg) 7.71 � 0.12*|| 0.99 � 0.01*zx||¶ 144.95 � 10.95*z||¶ 53.59 � 4.24*¶ 113.33 � 11.23* 258.28 � 20.56*z|| 2.72 � 0.42*z||¶ 0.37 � 0.06*z|| 0.57 � 0.07

CD (250 mg/kg) 7.39 � 0.04yx¶ 0.95 � 0.03*y|| 90.02 � 3.59*yx¶ 57.92 � 4.15* 100.83 � 7.63* 190.85 � 4.17*yx¶ 1.56 � 0.18y 0.65 � 0.07y 0.68 � 0.05

CD (500 mg/kg) 7.76 � 0.02*z|| 0.99 � 0.01*y|| 128.23 � 7.46*z|| 62.26 � 4.34* 118.52 � 6.29* 246.56 � 2.93*z|| 2.06 � 0.05 0.49 � 0.01 0.62 � 0.07

CT (250 mg/kg) 7.43 � 0.15yx 0.93 � 0.01*yzx¶ 73.29 � 5.41*yx¶ 47.8 � 6.63*||x¶ 88.33 � 11.27 161.63 � 13.77*yx¶ 1.56 � 0.34y 0.65 � 0.13y 0.72 � 0.07

CT (500 mg/kg) 7.82 � 0.05*z|| 0.99 � 0.01*y|| 119.87 � 5.47*yz|| 66.6 � 3.43*y|| 120.0 � 15.61* 239.87 � 19.29*z|| 1.81 � 0.16y 0.56 � 0.05 0.64 � 0.09

Data are means of 5 replicates�SD (Standard deviation); *p< 0.05 vs. Control (Dunnett's t test); yp< 0.05 vs. Frusemide (10 mg/kg); zp< 0.05 vs CD (250 mg/kg); xp<

0.05 vs CD (500 mg/kg); ||p < 0.05 vs. CT (250 mg/kg); ¶p < 0.05 vs. CT (550 mg/kg); pair-wise comparison by Post-hoc Tukey test.

Table 2. Effect of plant extracts on urine output and electrolytic excretion index after collecting 6 h of urine as well as index for the saluretic, natriuretic, kaliuretic and
CAI activity.

Treatment Group Diuretic Index Naþ Index Kþ Index Cl� Index Saluretic
Index

Natriuretic Index Kaliuretic Index CAI
Index

Frusemide (10 mg/kg) 3.88 2.86 1.61 1.72 2.22 1.79 0.56 0.73

CD (250 mg/kg) 1.38 1.78 1.74 1.53 1.64 1.02 0.97 0.87

CD (500 mg/kg) 2.13 2.53 1.87 1.80 2.12 1.35 0.73 0.79

CT (250 mg/kg) 1.13 1.45 1.43 1.34 1.39 1.02 0.99 0.93

CT (500 mg/kg) 2 2.37 1.99 1.82 2.06 1.18 0.84 0.82

Diuretic index, volume of urine in test group/volume of urine in control group; Naþ index, sodium excreted in test group/sodium excreted in control group; Kþ index,
potassium excreted in test group/potassium excreted in control group; Cl� index, chloride excreted in test group/chloride excreted in control group; saluretic index,
saluretic activity in test group/saluretic activity in control group; natriuretic index, natriuretic activity in test group/natriuretic activity in control group; kaliuretic
index, kaliuretic activity in test group/kaliuretic activity in control group; CAI index, CAI activity in test group/CAI activity in control group.
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CT. The weight of mice after 14 days was also measured and slight in-
crease in weight was detected (Figure 1).

3.3. Evaluation of diuretic activity

In the diuretic activity test, frusemide standard at 10 mg/kg b.w. and
both CD and CT at 500 mg/kg b.w. demonstrated significant (p < 0.05)
upsurge in urinary excretion rate in comparison with control. CD at 250
mg/kg b.w. also showed substantial increase in urinary excretion rate,
however, for CT at 250 mg/kg, the variation in excretion was insignifi-
cant. The diuretic action was highest for frusemide (Figure 2).

3.4. Analysis of urine

The pH and density of urine of extract treated mice was found fairly
comparable to that of control (pH ranging from 7.3 to 7.82 and density
ranging from0.93 to 0.99 g/mL). The urine of testedmicewas also analyzed
for the excretion of electrolytes like Naþ, Kþ, Cl�. The most (p < 0.05)
Figure 3. Determination of total terpenoid content of CD and CT plant extract using
contents of CD and CT; ‘b’ represents the calibration curve for the determination of
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upsurge in the excretion of Naþwas found in case of frusemide, followed by
CD at 500mg/kg, CT at 500mg/kg, CD at 250mg/kg and finally CT at 250
mg/kg. However, excretion of Kþ was fairly comparable to that of control
with slight increase in case ofmice treatedwith CDand CT at 500mg/kg. In
addition, substantial increase in the excretion of Cl� was demonstrated by
frusemide and extracts at 500 mg/kg.
3.5. Saluretic, natriuretic, kaliuretic and CAI activity

The saluretic, natriuretic, kaliuretic and CAI activity as well as the
saluretic, natriuretic, kaliuretic and CAI indexes after oral administra-
tions of samples were presented in the tables (Tables 1 and 2). Significant
(p< 0.05) saluretic effects were displayed by the standard frusemide and
both extracts at 500 mg/kg. Natriuretic and kaliuretic effects represent
the ratio of Naþ and Kþ excretion. Here, frusemide and both extracts at
500 mg/kg showed the most natriuretic ratio. The kaliuretic ratio was
comparable to that of control. Substantial fall in the CAI in sample treated
mice were also observed. The frusemide standard and extracts at 500
ursolic acid standard calibration curve. Here, ‘a’ represents the total terpenoid
total terpenoid contents.



Table 3. Binding affinity (kcal/mol) of the bioactive compounds previously reported in CD and CT with isomers of CA (CAII, CAIV, CAXII and CAXIV).

Source Compound Name hCA II hCA IV hCA XII hCA XIV

Standard Frusemide - 8.3 - 6.5 - 7.7 - 7.5

Compounds found in both CD and CT Lupeol - 7.4 - 6.8 - 7 - 8.1

Betulin - 7.5 - 6.4 - 6.5 - 7.4

Betulinic acid - 7.4 - 6.5 - 7.4 - 7.7

Epibetulinic acid - 7.7 - 6.4 - 7.1 - 7.7

Tagalsin X - 7.6 - 5.9 - 6.8 - 8.6

Tagalsin P - 8 - 7.4 - 8.6 - 8.8

Beta-Sitosterol - 7.7 - 6.1 - 8 - 7.9

Compounds found in CD Ceriopsin A - 6.9 - 6.7 - 7.4 - 7.9

Ceriopsin B - 6.8 - 6.3 - 6.8 - 7.9

Ceriopsin C - 7.8 - 5.9 - 7.3 - 7.3

Ceriopsin D - 8.1 - 6.1 - 7 - 7.2

Ceriopsin E - 6.4 - 5.8 - 7.3 - 7.5

Ceriopsin F - 6.8 - 6.5 - 7 - 8.2

Ceriopsin G - 7 - 6.2 - 7.4 - 7.5

Decandrin A - 9 - 6.6 - 9.1 - 8

Decandrin B - 8.1 - 6.2 - 7.6 - 8

Decandrin C - 9 - 7.3 - 10 - 8.5

Decandrin D - 8.8 - 6.5 - 8.9 - 7.8

Decandrin E - 8.5 - 6.5 - 8.8 - 8.3

Decandrin F - 6.6 - 5.6 - 6.5 - 7.4

Decandrin G - 9.1 - 7.3 - 9.1 - 8.8

Decandrin H - 8.8 - 6.3 - 8.8 - 8.5

Decandrin I - 8.1 - 6.2 - 8.6 - 8.6

Decandrin J - 8 - 6 - 7.2 - 7.2

Decandrin K - 7.9 - 5.9 - 7.4 - 7.2

Ent-5α,2-oxodolabr-3-ene-3,15,16-triol - 6.5 - 6.1 - 6.7 - 7.1

Pinoresinol - 7.8 - 6.6 - 7.9 - 7.3

Betulinaldehyde - 7.5 - 6.7 - 7.4 - 7.8

Lupan-3β,20-diol - 7.2 - 6.9 - 7.2 - 8.1

Lupenone - 7.5 - 7.1 - 7.1 - 8.4

Compounds found in CT Tagalsin A - 7.7 - 6.5 - 6.9 - 8

Tagalsin B - 8 - 6.4 - 7 - 8

Tagalsin C - 7.6 - 6.2 - 6.8 - 7.3

Tagalsin D - 7.3 - 6.1 - 7.3 - 7.4

Tagalsin E - 7.4 - 6.1 - 6.6 - 7.6

Tagalsin F - 7.6 - 6.3 - 6.9 - 7.3

Tagalsin G - 7.6 - 6.1 - 6.6 - 7.8

Tagalsin H - 6.6 - 5.4 - 6.2 - 6.6

Squalene - 7.3 - 5.2 - 7.2 - 6.8

(5S*, 8S*,9S*,10R*,13S*) -2,16-dihydroxydolabr-4R*, 18 –epoxy 3, 15-dione - 6.8 - 5.8 - 7.1 - 6.8

Ent-5α,2-oxodolabr-3-ene-3,15,16-triol - 6.6 - 6.1 - 6.4 - 7.2

(5S*,8S*,9S*,10R*)-3,13S*-dihydroxy-15,16-dinorlabr-3-en-2-one - 6.8 - 5.5 - 6.4 - 7.6

(5S*,8S*,9S*,10R*,13S*)-3-hydroxy-16-nor-2-oxodolar-3-ene-15-oic acid - 6.7 - 6 - 6.8 - 7.2

(5S*,8S*,9S*,10R*)-13S*,18-dihydroxy-15,16-dinordolabr-4(18)-ene-3-one - 6.7 - 5.5 - 7.2 - 7.2

(5S*,8S*,9S*,10R*,13S*)-18-hydroxy-16-nor-3-oxodolabr-4(18)-en-15-oic acid - 6.3 - 5.8 - 6.8 - 7.2

(5S*,8S*,9S*,10R*)-13S*-hydroxy-4S*,18-epoxy-15,16-dinordolabr-1-en-3-one - 6.5 - 6.9 - 8.4 - 8.7

Ent-8(14)-pimarane-16,18-dihydroxy-15-one - 7.5 - 6.1 - 6.9 - 7.6

Ent-8(14)-pimarane-15,18-diol - 6.6 - 5.1 - 6.6 - 7.2
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mg/kg dose revealed the most CAI activity. The index values represent
the ratio of the effectiveness of samples in relation to the effects in
control. Hence, higher saluretic, natriuretic as well as the Naþ, Kþ, Cl�

indexes in frusemide and in CD and CT (at 500 mg/kg) represents a
higher ratio of effectiveness.
3.6. Determination of total terpenoid content (TTC)

In determining TTC, ursolic acid was used to generate the standard
calibration curve (calibration equation y ¼ 0.1532x þ 0.073;
5

R2 ¼ 0.9628). The TTC of CD and CT was calculated in terms of mg
ursolic acid equivalent (mgUAE)/g of dried plant extract. Here, the TTC
of CD and CT was found to be 226.57 and 69.75 mgUAE/g (Figure 3).
3.7. Site specific molecular docking study of reported compounds

The binding affinity of the compounds obtained in the in-silico study
as well as the interacting amino acids of components having high binding
affinity have been presented in tables (Tables 3 and 4). Here, phyto-
constituents of CD demonstrated greater binding affinity against hCA



Table 4. Interaction of selected components having high binding affinity with CAII, CAIV, CAXII and CAXIV.

Protein Compound Name Binding affinity
(kcal/mol)

Interacting Amino Acids

hCA II Tagalsin P - 8 THR199 (conventional hydrogen bond), VAL119, LEU139, LEU197, PRO201
(alkyl bond)

Decandrin A - 9 THR199 (conventional hydrogen bond), LEU197 (pi-sigma bond), HIS91,
HIS117, VAL119, VAL141, LEU197, VAL206, TRP208 (alkyl/pi-alkyl bond)

Decandrin C - 9 SER133, THR199 (conventional hydrogen bond), LEU197 (pi-sigma bond),
VAL119 (alkyl/pi-alkyl bond)

Decandrin D - 8.8 THR199 (conventional hydrogen bond), LEU197 (pi-sigma bond), HIS91,
HIS117, VAL119, VAL141, LEU197, VAL206, TRP208 (alkyl/pi-alkyl bond)

Decandrin E - 8.5 THR199 (pi-donor hydrogen bond), HIS91 (pi-sigma bond), HIS91 (pi-pi T
shaped bond), HIS66, HIS93, VAL119, ALA129, LEU139, LEU197 (alkyl/pi-
alkyl bond)

Decandrin G - 9.1 THR198, THR199 (conventional hydrogen bond), LEU197 (pi-sigma bond),
VAL119 (alkyl/pi-alkyl bond)

Decandrin H - 8.8 THR199 (conventional hydrogen bond), HIS91, HIS117, VAL119, LEU139,
VAL141, LEU197, VAL206, TRP208 (alkyl/pi-alkyl bond)

hCA IV Tagalsin P - 7.4 ASN62 (conventional hydrogen bond), TRP5, HIS64, LEU198 (alkyl/pi-alkyl
bond)

Decandrin C - 7.3 THR199, THR200 (conventional hydrogen bond), HIS94, LEU198 (pi-sigma
bond), VAL121, LEU198 (alkyl/pi-alkyl bond)

Decandrin G - 7.3 THR199, THR200 (conventional hydrogen bond), LEU198 (pi-sigma bond),
VAL121, LEU198 (alkyl/pi-alkyl bond)

(5S*,8S*,9S*,10R*)-13S*-hydroxy-4S*,
18-epoxy-15,
16-dinordolabr-1-en-3-one

- 6.9 GLN92 (conventional hydrogen bond), HIS94 (pi-donor hydrogen bond),
HIS94 (pi-sigma bond), HIS64, LEU198 (alkyl/pi-alkyl bond)

hCA XII Tagalsin P - 8.6 SER133, THR199 (conventional hydrogen bond), SER133 (carbon hydrogen
bond), HIS91, ALA129, LEU197 (alkyl/pi-alkyl bond)

Decandrin A - 9.1 THR199 (conventional hydrogen bond), LEU197 (pi-sigma bond), HIS91,
HIS117, VAL119, VAL141, VAL206, LEU197, TRP208 (alkyl/pi-alkyl bond)

Decandrin C - 10 SER133, THR199 (conventional hydrogen bond), LEU197 (pi-sigma bond),
VAL119 (alkyl/pi-alkyl bond)

Decandrin D - 8.9 THR199 (conventional hydrogen bond), LEU197 (pi-sigma bond), HIS91,
HIS117, VAL119, VAL141, LEU197, VAL206, TRP208 (alkyl/pi-alkyl bond)

Decandrin E - 8.8 THR199 (pi-donor hydrogen bond), HIS91, VAL119, LEU139, LEU197 (alkyl/
pi-alkyl bond)

Decandrin G - 9.1 THR198, THR199 (conventional hydrogen bond), LEU197 (pi-sigma bond),
VAL119, LEU197 (alkyl/pi-alkyl bond)

Decandrin H - 8.8 THR199 (conventional hydrogen bond), HIS91, HIS117, VAL119, ALA129,
LEU139, VAL141, LEU197, VAL206, TRP208 (alkyl/pi-alkyl bond)

hCA XIV Tagalsin P - 8.8 THR199, PRO201 (conventional hydrogen bond), HIS94, VAL121, LEU198
(alkyl/pi-alkyl bond)

Decandrin G - 8.8 THR199 (conventional hydrogen bond), HIS94 (pi-pi T shaped bond), LEU198
(pi-sigma bond), VAL121, LEU131, ALA135, LEU198, PRO202 (alkyl/pi-alkyl
bond)

Decandrin I - 8.6 HIS64, HIS119, THR199 (conventional hydrogen bond), LEU198 (pi-alkyl
bond)

(5S*,8S*,9S*,10R*)-13S*-hydroxy-4S*,
18-epoxy-15,16-dinordolabr-1-en-3-one

- 8.7 THR199 (conventional hydrogen bond), HIS94, VAL121, LEU198 (alkyl/pi-
alkyl bond)
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isoforms. Decandrin G of CD demonstrated the maximum binding affinity
against hCAII (- 9.1 kcal/mol). The ligand formed multiple hydrogen
bond with THR198 and THR199 at C15 OH and C7 O where, the bond
distances were 1.93492 and 1.97098, respectively (Figures 4 and 5).
Decandrin C was found to be the most potent inhibitor of hCAXII (- 10.0
kcal/mol), which formed hydrogen bonds with SER133 and THR199 at
C3 and C7 O with bond distance of 2.47229 and 1.98688, respectively
(Figures 4 and 5). For hCAIV, tagalsin P had the maximum binding af-
finity (- 7.4 kcal/mol) with a conventional hydrogen bond between
ASN62 and C2 O (bond distance 2.56418, Figures 4 and 5). Finally, for
hCAXIV, both tagalsin P and decandrin G demonstrated the highest
binding affinity (- 8.8 kcal/mol). Here, C3 and C16 OH of tagalsin P
formed hydrogen bonds with PRO201 and THR199 (bond distance
6

2.14257 and 2.43257, respectively). On the other hand, a hydrogen bond
was formed between C15 OH of decandrin G and THR199 of hCAXIV
with a bond distance of 2.03058 (Figures 4 and 5).

4. Discussion

Diuretics are useful modulators of body fluids that are therapeutically
effective in magnitude of clinical conditions like hypertension, nephritic
cirrhosis, cardiovascular failures [24]. Plant oriented terpenoids have
previously been reported to have substantial diuretic activity and both
CD and CT have already been demonstrated to possess abundance of
terpenoids [7, 13]. In addition, total terpenoid contents of both plant
extracts were also found to be substantially high. Hence, this study



Figure 4. Bioactive compounds reported from CD and CT with substantial carbonic anhydrase (CA) enzyme inhibitory activity. Here, ‘a’ is tagalsin P; ‘b’ is
(5S*,8S*,9S*,10R*)-13S*-hydroxy-4S*,18-epoxy-15,16-dinordolabr-1-en-3-one; ‘c’ is decandrin A (R1 OH; R2 H) and decandrin D (R1 H; R2 OH), ‘d’ is decandrin C (R1

O) and decandrin G (R1 OH); ‘e’ is decandrin E (R1 OH; R2 H; R3 H) and decandrin I (R1 H; R2 OH; R3 OH); ‘f’ is decandrin H.
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focuses on scientific authentication of the presence of terpenoidal com-
ponents in CD and CT that stand for their diuretic effectiveness.

Phytochemical screening of the ethanolic plant extracts exhibited a
number of compounds which may partly or effusively responsible for
multiple bioactivities. In the acute toxicity evaluation, a high dose of
2000 mg/kg in mice didn't demonstrated any signs of adverse reactions.
Therefore, for the diuretic activity evaluation, the plant extracts were
tested at 250 and 500 mg/kg b.w. doses and then compared with fruse-
mide (10 mg/kg) standard.

Controlling the levels of Naþ, Kþ and Cl� in plasma is essential in
regulating blood volume, blood pressure, acid-base balance as well as
maintaining the functionality of cardiac and skeletal muscles [33]. Here,
a dose related upsurge in the urinary output as well as a higher excretion
of Naþ and Cl� ions were observed during the diuretic activity test along
with a slight alkalization of the excreted urine. The upsurge in the level of
Kþ was marginal. When measuring the saluretic effect, CD and CT at 500
mg/kg b.w. doses showed a greater effectiveness compared to the lower
doses, with CD being at top between the two. The ratio of Naþ/Kþ was
the indicator for natriuretic activity and a value greater than 10.0 would
indicate a potassium sparing effect. However, in our study, a value
greater than 2.0 for CD and CT at 500 mg/kg b.w. dose represented a
good natriuretic effect without the potassium sparing activity [34]. CAI
7

activity [Cl�/(NaþþKþ)] was also calculated and the extracts exhibited
noticeable CAI effect (at 500 mg/kg for both CD and CT with CD being at
top), demonstrated by a reduction in CAI ratio with values lower than 0.8
(values between 1.0 and 0.8 do not represent CA inhibition) [35]. Hence,
diuretic activity of the plant extracts may be attributed, but not limited to
the inhibition of carbonic anhydrase enzyme. Inhibition of CA reduce the
availability of proton for Naþ - Hþ antiporter of proximal tubule. This
maintains a low concentration of protein in cell and subsequently
transports sodium bicarbonate to the interstitial space from tubular
lumen. The overall effect of the process is the augmentation of water in
renal tubule, causing diuresis [18].

In conducting the literature review of the plants, terpenoids were
found to be the most abundant phytoconstituents [7]. Moreover, in our
estimation of total terpenoid content, substantial amount of terpenoids
were found in both extracts, with CD having the highest. So, for further in
silico assessment, the previously reported terpenoids of CD and CT were
docked against four isoforms of h CA - hCAII, hCAIV, hCAXII and hCAXIV
as these isoenzymes have been reported to be present in the epithelial
cells of renal tubulin [18]. The active site of the isoenzymes consists of a
metal binding site as well as amino acid residues amongst which, Thr199,
a catalytic residue, has been reported to form hydrogen bonds with the
classical hCA inhibitors [36, 37, 38, 39]. Typical inhibitors of hCA bind to



Figure 5. Molecular docking analysis of major bioactive compounds from CD and CT with the isoforms of CA. Here, ‘a’ is presenting the docking of decandrin G with
hCA II; ‘b’ is presenting the docking of tagalsin P with hCA IV; ‘c’ is presenting the docking of decandrin C with hCA XII; ‘d’ is presenting the docking of tagalsin P with
hCA XIV and ‘e’ is presenting the docking of decandrin G with hCA XIV.
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the metal at the active site, however, multitude of recently reported in-
hibitors bind to alternative parts of active site, without interacting with
the catalytic metal [37]. In our work, reported terpenoids of CD and CT
were docked at the active site of hCAII, hCAⅣ, hCAⅫ and hCAⅩIⅤ
without considering the catalytic metal. Decandrins A, C, D, E, G, H, I of
CD as well as tagalsin P and (5S*,8S*,9S*,10R*)-13S*-hydroxy-4S*,
18-epoxy-15,16-dinordolabr-1-en-3-one of CT demonstrated substantial
binding affinity to the inhibitory site of hCA isoforms. In addition, all of
the stated components formed strong conventional hydrogen bond with
the catalytic residue Thr199.

5. Conclusion

To sum up, comparative diuretic activity assessment of the aerial
roots of CD and CT demonstrated substantial diuretic effectiveness of
both extracts at a high dose with CD being at top of the two. This is
possibly attributed to the higher terpenoid content of CD as themolecular
docking study demonstrated a greater binding affinity of terpenoidal
constituents from CD against hCA isoforms. Further in vitro and in vivo
assessments are required in future to establish the drug-ability as well as
to assess the pharmacodynamic and pharmacokinetic parameters of the
reported components.
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