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ABSTRACT
Objective: This study aimed to evaluate the arginase inhibitory activity of Caesalpinia tortuosa Roxb. stem bark extracts.

Methods: C. tortuosa Roxb. stem bark extracts were obtained through reflux extraction using n-hexane, ethyl acetate, and methanol and their
inhibitory activity against arginase was measured using a microplate reader at 430 nm. Active extracts were subjected to phytochemical analysis
and based on the qualitative phytochemical analysis, quantitative data regarding flavonoid and phenolic contents were obtained. The total flavonoid
content of active extracts was determined using AlCl3 colorimetric method, and the phenolic content was determined using Folin–Ciocalteu method.

Results: Ethyl acetate and methanol extracts of C. tortuosa Roxb. inhibited activity of arginase with IC50 values of 33.81 and 11.58 μg/mL,
respectively, nor-NOHA acetate as standard drug inhibited arginase with IC50 values of I3.77 μg/mL. Both active extracts contained saponins,
tannins, and flavonoids. Ethyl acetate and methanol extracts showed a total flavonoid content of 7.41 mgQE/g and 5.05 mgQE/g and total
phenolic content of 27.55 mgGE/g and 17.16 mgGE/g, respectively. Methanol extracts had a higher inhibitory activity than ethyl acetate
extracts despite having flavonoid and phenolic content, thereby suggesting no correlation between arginase inhibitory activity and flavonoid
or phenolic content.
Conclusion: Ethyl acetate and methanolic extracts of C. tortuosa Roxb. stem barks containing flavonoids, tannins, and saponins displayed arginase
inhibitory activity, and no correlation was observed between arginase inhibitory activity and flavonoid and phenolic content.
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INTRODUCTION
Caesalpinia tortuosa Roxb., Leguminosae, which is endemic to the Asian
region (India, Myanmar, Burma, China, Malaysia, and Singapore), has
been mostly found in Indonesia, particularly in Sumatra, Java, and
Kalimantan [1,2]. The genus Caesalpinia has more than 500 species, each of
which has several benefits for humans [3]. Such benefits include their use
as dyes, preservatives, astringents, antioxidants, antibacterial agents, antiinflammatory agents, antimalarial agents, fat reduction agents, vasodilators,
liver protectants, wound healing agents, anticancer agents, antidiabetic
agents, antirheumatic agents, anti-acne agents, antiatherosclerotic agents,
antineoplastic agents, and immunostimulants [3]. Bioactive compounds
derived from Caesalpinia include flavonoids, polyphenols, saponins,
diterpenes, triterpenes, naphthoquinones, peltoginoids, chalcone,
steroids, gallic acid, tannic acid, tannins, resins, resorcin, brasilien, d-alphaphellandrene, oscimin, and several essentials oil [3,4]. Based on previous
studies, numerous phytochemical compounds, such as polyphenols [5],
flavonoids [6], flavanones [7], flavonols, quercetin [8], and quercitrin [9,10],
have shown to exhibit arginase inhibitory activity. Moreover, phytochemical
studies on Caesalpinia ferrea stem barks have revealed the presence of
flavonoids, saponins, tannins, coumarin, steroids, and phenolic compounds
and gallic acid, catechins, epicatechins, and ellagic acid [11,12]. A study
performed on ethyl acetate and methanol extracts from C. sappan L. lignum
showed an arginase inhibition with IC50 of 98.7 and 132.02 µg/mL,
respectively [8]. Another study on ethyl acetate extracts from C. sappan L.
lignum has reported an IC50 of 36.8 µg/mL [8].
Arginase (l-arginine ureahydrolase or amidino hydrolase) is a
hydrolysis enzyme that converts l-arginine to ornithine and urea.
During pathological conditions, the level of arginase may increase,
resulting in direct competition with endothelial nitric oxide synthase
(eNOS) for l-arginine, which is another substrate for arginase. High

levels of arginase deplete substrates for eNOS; thereby disturbing
NO production impaired NO balance in the body causes impaired
vascular endothelial function [13]. Studies on ethyl acetate extracts
from C. sappan lignum have demonstrated arginase inhibitory activity,
increased NO production, decreased reactive oxygen species production,
and improved eNOS dimer stability in cultured human umbilical vein
endothelial cells and aortic endothelial cells from mice [8]. Therefore,
the present study aimed to determine the arginase inhibitory activity of
C. tortuosa Roxb. stem bark extracts.
METHODS

Preparation of extracts
About 150 g of powder underwent successive multilevel reflux
extraction at 80°C with n-hexane, ethyl acetate, and methanol from low
to high solvent polarity for three cycles. The solution was filtered using
a 0.45-µm membrane filter, and the filtrate was concentrated using a
water bath.
Arginase inhibition assay
In vitro arginase inhibition assay was performed using a microplate
reader at 430 nm using nor-NOHA acetate as the standard drug.

Substrate optimization

Substrate optimization was performed using concentrations of
130, 570, 650, and 820 mM as suggested by the protocol. Substrate
concentrations were tested using 1 U/mL of arginase enzyme. The
procedure was performed in triplicate using 10 µL of bidistillation
water, 15 µl of enzyme solution, and 20 µl of substrate solution followed
by incubation for 30 min at 37°C. After incubation, 100 µl of urea was
directly added, followed by incubation at room temperature (25°C).
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Arginase inhibition of nor-NOHA acetate
Nor-NOHA acetate is a potential inhibitor of arginase. Concentrations
of 0.5, 1, 3, 4, and 5 µg/mL of nor-NOHA acetate were used included
in wells based on the IC50 range required by the protocol provided by
Sigma-Aldrich®.

Arginase inhibition of samples

Using procedure as mentioned before, 100 µg/mL of n-hexane, ethyl
acetate, and methanol extracts was prepared in wells to screen for
active extracts. Active extracts were tested using five concentrations to
determine the IC50 value based on potential screening.

Qualitative phytochemical analysis
Extracts underwent phytochemical analysis to determine the presence
of alkaloids, flavonoids, tannins, saponins, quinones, and triterpenoids
according to common method performed by Farnsworth [2,14].
Quantitative phytochemical analysis

Determination of total flavonoid content
Total flavonoid content was determined using AlCl3 colorimetric
method. 0.5 mL of ethyl acetate and methanol extracts, 1.5 mL of
ethanol pro-analysis, 0.1 mL of 10% AlCl3, 0.1 mL of 1 M potassium
acetate, and 2.8 mL of distilled water were added to each test tube. All
test tubes were incubated at room temperature for 30 min. Absorbance
Table 1: Results of multilevel extraction

Extract

Weight (g)

Yield (%)

n‑hexane
Ethyl acetate
Methanol

1.02
2.58
13.45

0.68
1.72
8.96

Table 2: Arginase inhibition of the ethyl acetate extract

Ethyl acetate extract in
wells (µg/mL)

% Inhibition (%)

IC50 (µg/mL)

20
50
70
90
100

35.75±4.934
67.69±7.283
76.11±1.704
82.05±2.417
89.37±5.273

33.812

Table 3: Arginase inhibition of the methanol extract

Methanol extract in
wells (µg/mL)

% Inhibition (%)

IC50 (µg/mL)

10
20
70
90
100

50.79±3.975
54.63±5.833
66.59±5.151
78.20±11.162
92.21±4.271

11.58

s, the IC50 values of ethyl acetate and methanol extracts were 33.812 and
11.58 µg/mL, respectively
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was measured at 437.5 nm. Quercetin was used as a standard to create
a calibration curve. The total flavonoid content in the extracts was
calculated in triplicate, after which mean values were presented.

Determination of total phenolic content

The total phenolic content was assessed using the Folin–Ciocalteu
method. Briefly, 1 mL of sample (100 µg/mL) was mixed with 0.5 mL
of Folin–Ciocalteu reagent and 4 mL of 1% NaOH. The reaction mixture
was incubated at 25°C for 1 h, and the absorbance of the mixture was
read at 730 nm. The sample was tested in triplicate, and a calibration
curve with six data points for gallic acid was obtained. Results were
compared using the gallic acid calibration curve, and the total phenolic
content of C. tortuosa Roxb. extracts was expressed as mg of gallic acid
equivalents (GE) per 100 g of extract.
RESULTS AND DISCUSSION

Reflux extraction was considered based on the efficiency of the
method employing a reduction in extractant viscosity, which increases
the solvent’s ability to penetrate into the sample matrix. The use
of different solvent polarities allows for varying dispersibility and
penetrability, such that phytochemical components can be selectively
identified [15,16]. Extraction temperature was set below 80°C to
minimize the degradation of flavonoid and phenolic compounds [17],
the results of extraction are shown in Table 1.

Arginase inhibition assay
After optimization, the optimum level of l-arginine substrate was
determined to be 570 mM at an arginase concentration of 1 U/mL.
Moreover, according to the standard assay, the IC50 value for norNOHA acetate was determined to be 3.77 µg/mL (y=4.8755x + 31.604,
r=0.9749). Nor-NOHA acetate was selected for this assay because it
exhibits the most potential arginase inhibitory activity compared with
that of other standard compounds, such as NOHA and boronic acid [13].

Extracts to be assayed were prepared by diluting them with Aquabidest
and dimethyl sulfoxide. A dimethyl sulfoxide concentration of 0–0.4%
was used to avoid significant effects of UV absorption [18]. Accordingly,
potential inhibition from n-hexane, ethyl acetate, and methanol extracts
were 48.68%, 88.39%, and 92.21%, respectively. IC50 values were
calculated for ethyl acetate and methanol extracts with >50% potential
inhibition, and these values presented in Tables 2 and 3, respectively.
Qualitative phytochemical analysis
Results of the phytochemical analysis are presented in Table 4.

Table 4 shows that ethyl acetate and methanol extracts contained
saponins, tannins, and flavonoids.
Quantitative phytochemical analysis

Determination of the total flavonoid content
The calibration curve for quercetin showed maximum absorbances at
437.5 nm (y=0.0774x+0.0035, r2=0.9994). The total flavonoid content
of ethyl acetate and methanol extracts was 7.41 and 5.052 mgQE/g,
respectively.

Table 4: Phytochemical analysis of C. tortuosa Roxb.

Phytochemical

Reagent

Ethyl acetate

Methanol

Alkaloids

Dragendorff
Mayer
Wagner
Mg, HCl: EtOH (1:1) + amyl alcohol
Gelatin
FeCl3 10%
Froth test
NaOH 10%
EtOH+diethyl ether+concentrated H2SO4+CH3COOH anhydrous

‑
‑
‑
+++
++
+++
++
‑
‑

‑
‑
‑
++
+++
+++
+++
‑
‑

Flavonoids
Tannins

Saponins
Quinones
Triterpenoids
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Determination of the total phenolic content

5.

The calibration curve for gallic acid showed maximum absorbances at
730 nm (y=0.0076x+0.1486, r2=0.9958). The total phenolic content
of active ethyl acetate and methanol extracts was 27.553 and 17.158
mgGE/g, respectively.

6.

Considering that the methanol extract had the highest arginase
inhibitory activity despite having lesser flavonoid and phenolic content
than the ethyl acetate extract, our results revealed no correlation
between arginase inhibitory activity and flavonoid and phenolic
content, which is consistent with findings of previous studies.
CONCLUSION

Our study findings suggested that methanol extracts from C. tortuosa
Roxb. stem barks have the greatest potential for arginase inhibition.
Moreover, ethyl acetate extracts had the highest total flavonoid and
phenolic content. Both active ethyl and methanol extracts contained
saponins, tannins, and flavonoids. Finally, no correlation between
arginase inhibitory activity and flavonoids and phenolics content was
observed.
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