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INTRODUCTION
Arginase (L-arginine amidinohydrolase) is an enzyme that catalyzes the 
hydrolysis of L-arginine to produce L-ornithine and urea.1 Endothelial 
nitric oxide synthase (eNOS) also uses L-arginine as a substrate to form  
nitric oxide (NO) and L-citrullin.2 Arginase upregulation can reduce  
the bioavailability of NO which can cause endothelial dysfunction.3-4  
Endothelial dysfunction is the root cause of some cardiovascular diseases  
including atherosclerosis, myocardial infarction, stroke, and hyperten-
sion.5 Some organic compounds are available as arginase inhibitors,  
including boronic acid derivates (S-(2-boronoethyl)-L-cysteine) (BEC)), 
2-(S)-amino-6-boronohexanoic acid (ABH), and the arginine analogue 
(N (omega)-hydroxy-nor-L-arginine (nor-NOHA)). However, BEC and 
ABH have pharmacokinetic problems and potentially toxic in humans.6 
While nor-NOHA has short half-life.7 
Ethyl acetate extract of Caesalpinia sappan lignum showed IC50 value of  
36.82 μg/mL to arginase II. Brazilin, the purified compounds of C. sappan,  
belonged to homoisoflavonoids, have endothelial dependent vasorelaxant  
activity.8-9 In other studies, flavanones belonged to flavonoids isolated 
from Scutellaria indica were able to inhibit arginase activity with an IC50 
of 25.1 μM.10 Flavonoids can also be found in C. pulcherrima (L.) Sw.11-12 
C. pulcherrima (L.) Sw. displays activity as emmenagogue and can treat 
several diseases such as asthma, ulcers, fever, tumors, and skin diseases.12-13

In this study, we investigated the inhibition of arginase activity of  
n-hexane, ethyl acetate, and methanol extract of C. pulcherrima (L.) Sw. 
stem bark by urea measurement as the result of arginase and L-arginine 
reaction.

MATERIALS AND METHODS
Materials
The stem bark of C. pulcherrima (L.) Sw. was obtained from the Center 
for Plant Conservation-Bogor Botanical Garden. All other chemical and 
reagent were source commercially. nor-NOHA acetate from Cayman 
(USA), quercetin from Sigma Aldrich (India), and arginase, L-arginine,  
maleic acid, and MnSO4 from Sigma Aldrich (Singapore). Urea kit assay  
was obtained from Abnova (Taiwan), n-hexane, ethyl acetate, and meth-
anol from Merck (Germany). 

Preparation of C. pulcherrima stem bark extract
Stem bark of C. pulcherrima was collected in December 2016, obtained 
and identified by microscopic and morphology characteristics at the 
Center for Plant Conservation-Bogor Botanical Gardens. 

Extraction
Dried powdered stem bark (150 g) was extracted by multistage reflux 
and then evaporated. 

Arginase Activity Inhibition Test
The inhibition activity was determined by methods modified from the 
protocols described in the Sigma Aldrich (EC 3.5.3.1). Ten microliters of 
extract sample were mixed with 15 microliters of arginase 1 U/mL, 20 µL 
L-arginine 570 mM, and preincubated at 370C for 30 min. One hundred 
of urea assay reagent was then added and the mixture incubated at room 
temperature for one hour. Arginase activity was determined on a micro-
plate reader (Epoch, USA) by measuring the quantity of urea released  
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from arginase. nor-NOHA was used as a positive control for arginase  
inhibition. The concentration of the extract that inhibited 50% of arginase 
activity under the test condition was defined as IC50. 

Determination of Total Flavonoid Content
Total flavonoid content was determined according to the methods in 
Pharmacopoeia Herbal Indonesia Supplement III.14 Quercetin was used 
as a standard to develop calibration curves spanning the concentrations 
of 3, 4, 5, 6, 7 and 8 μg/mL in ethanol (AR). To determine the flavonoid 
content, a solution of quercetin or extract in 0.5 mL was added to a test 
tube. The solution then mixed with 1.5 mL ethanol (AR); 0.1 mL of 10% 
AlCl3 solution; 0.1 mL 1 M sodium acetate and 2.8 mL distilled water. 
For sample blank, the sample containing the listed components except 
AlCl3 was replaced by the same quantity of distilled water. The mixture 
was centrifuged at 1000 rpm for 10 min and then incubated at room 
temperature for 30 min. Absorbance was measured using UV-Vis spec-
trophotometer (Shimadzu 265, Japan) at λ 437.5 nm. The total flavonoid 
content was derived from the calibration curve.

Phytochemical Screening
Qualitative method of phytochemical screening for active extract was 
undertaken using the alkaloid test with Mayer, Dragendroff, and Wagner 
reagents;15-17 flavonoids test with Willstatter reaction;16 tannins test with 
gelatin test and ferrous (III) chloride;17-18 saponins test with honeycomb  
froth test;16 quinones with NaOH,15 steroids, and triterpenoids with  
Liebermann-Burchard reagent.17 

RESULTS 
Extraction
Extraction is a method to separate the active compound of the plant using  
a selective solvent through a particular procedure. The stem bark of  
C. pulcherrima (L.) Sw. was successfully extracted using the reflux 
method. The yield depended on the solvents used. From 150 gram of 
stem bark, the yields obtained were 2.53 g (1.68%) with n-hexane, 7.41 g 
(4.93%) with ethyl acetate, and 22.37 g (14.89%) with methanol. 

Arginase Activity Inhibition Test
Inhibitions of arginase activity of n-hexane, ethyl acetate, and methanol 
extract with L-arginine as the substrate were compared with standard, 
nor-NOHA acetate. The initial screening with sample concentration 
100 µg/mL, n-hexane extract has no arginase inhibition, ethyl acetate 
extract has 23.73% of arginase inhibition actity, and methanol extract 
has 79.13% of arginase inhibition activity. The IC50 value of methanol 
extract of C. pulcherrima (L.) Sw. was 21.969 µg/mL and 3.994 µg/mL for 
nor-NOHA acetate. 

Total Flavonoid Content Determination on The Most 
Active Extract
Total flavonoid content was determined in the most active extract, methanol  
extract. Methanol as the polar solvent dissolve polar compound like  
flavonoids, so total flavonoid content determination was the one of 
many ways provided. The standard curve for pure quercetin absorbance 
vs concentration was linear (r2=0,9989). This was used to estimate the 
total flavonoid content of the extract. The total flavonoid content of the 
methanol extract was determined to be 3.943 mg QE with pure quercetin 
as a standard through the method has been explaned above.

Phytochemical Screening
Phytochemical screening was used to know what was the phytochemical 
compound contained in the extract. Phytochemical screening reviewed 
from the methanol extract can be showed from Table 1. 

DISCUSSION
Extraction
The multistage reflux extraction method aims to separate the content of 
the bark of C. pulcherrima (L.) Sw. based on polarity. Reflux method is  
used to speed up the extraction time. The solvent of each solvent is carried 
out as much as three times in order to maximize the yield extraction. The 
more polar extracting solvent, the greater the yield. The greatest yield, 
14.89% showed by using methanol as a solvent. However, the yields was 
low eventhough the sample was extracted with methanol. Nevertheless, 
the amount extracted was enough for subsequent experiments.

Arginase Activity Inhibiton Test
Inhibitions of arginase activity using L-arginine as a substrat can reduce 
the urea production. Urea as aresult of arginase and L-arginine reaction 
was measured using microplate reader and used as a mark of arginase 
activity inhibition. The arginase activity inhibition of methanol extract 
was determined by methods modified from the protocols described in 
the Sigma Aldrich, while the arginase activity inhibition of nor-NOHA 
acetate was determined by method combinations of product informa-
tion of nor-NOHA acetate and arginase protocols. The result shows that 
n-hexane has no arginase inhibition activity, while ethyl acetate and  
methanol extract has 23.73% and 79.13% respectively with sample  
concentration 100 µg/mL. The IC50 value test has done only on methanol 
extract as the most active extract and then was compared with IC50 value  
of the standard compound, nor-NOHA acetate. The IC50 value of methanol  
extract of C. pulcherrima (L.) Sw. was 21.969 µg/mL and 3.994 µg/mL for 
nor-NOHA acetate. So the methanol extract, the most efficient extracting  
solvent, was only 20% as effective as the nor-NOHA acetate solution in 
inhibitory activity. 

Total Flavonoid Content Determination on The Most 
Active Extract
It is considered that polar compounds from methanol extract play the 
role in arginase inhibition activity. The one of polar chemical compounds 
was flavonoid. Flavonoid was reported can be found in C. pulcherrima 
(L.) Sw. Total flavonoid content deternination was the one of many ways 
to know how many flavonoid in extract. Total flavonoid content determi-
nation was done through colorimetric AlCl3 method and using quercetin 
as a standard. Based on the absorbance reading using UV-Vis spectro-
photometer of the extract solution tested the concentration was read 
from the standard curve. Total flavonoid content was estimated from the 
following formula:19

Total flavonoid content R DF V
W

=
× ×

where R = the quercetion concentration in the extract, DF = dilution factor, 
V = volume, W = weight of extract.

Table 1: The phytochemical compound result of methanol extract

Phytochemical compounds Methanol extract

Alkaloids -

Flavonoids +

Tannins +

Saponins +

Quinones -

Steroids -

Triterpenoids +
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Total flavonoid content determination was expressed in QE (Quercetin 
equivalent). It was defined as the milligram equivalent of quercetin in 
1 gram of sample. Methanol extract as the most active extract has total 
flavonoid content 3.943 mg QE. Although total flavonoid content in the  
methanol extract was low, flavonoid present in the extract may contribute  
to inhibition of arginase activity, but it also can not be denied that other 
compounds may also play a role in inhibiting arginase activity. 

Phytochemical Screening
Phytochemical screening reviewed that the methanol extract contains 
flavonoid, tannin, saponin, and triterpenoid. It is likely that flavonoids 
and tannins play an important role in the inhibition of arginase activity. 
In other studies, flavanones isolated from Scutellaria indica were able to 
inhibit arginase activity with an IC50 of 25.1 μM.20 Apart from flavonoid, 
tannin that was detected during phytochemical screening and probably  
also contributed to the arginase inhibition activity. It has been reported  
that (-)-epicatechin-3-gallate, a compound belonging to the tannin 
group, inhibited arginase activity with an IC50 of 3.8 μM.20 To prove what 
compounds that play a role in inhibition of arginase activity required 
further research including fractionation, isolation, and compound char-
acterization.

CONCLUSION
The bark of C. pulcherrima (L.) Sw. had the inhibitory effect on arginase 
activity. 
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ABBREVIATIONS
C. pulcherrima: Caesalpinia pulcherrima; nor-NOHA acetate: 
N(omega)-hydroxy-nor-L-arginine acetate; AlCl3: Alumunium Chlo-
ride; QE: Quercertin Equivalent; eNOS : Endothelial Nitric Oxide Syn-
thase; NO: Nitric Oxide; BEC: (S-(2-boronoethyl)L-cysteine); ABH: 
2-(S)-amino-6-boronohexanoic acid; AR: Analytical Reagent; UV: Ultra 
Violet; NaOH: Sodium Hydroxide.

SUMMARY
Methanol extract as the most active extract from Caesalpinia pulcher-
rima stem bark had IC50 value of 21.969 µg/mL for arginase activity in-
hibition
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