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ABSTRACT

Objective: Inflammation is a localized reaction in the tissue in response to injury wherein mediators such as leukotrienes are produced as protective 
response leukotrienes are synthesized during the metabolism of arachidonic acid by lipoxygenase and they increase capillary permeability and 
leukocyte adhesion. Artocarpus heterophyllus is used in many medicines due to its natural anti-inflammatory activity. The aim of this study was to use 
the bark and leaf extracts of A. heterophyllus to obtain the most active fraction that could inhibit lipoxygenase and to investigate the total phenol and 
flavonoid levels in these extracts.

Methods: Barks and leaves were extracted by a multistage reflux method. An in vitro lipoxygenase inhibition assay was performed by measuring the 
total phenol and flavonoid contents for each fraction.

Results: Ethanol extract was found to be the most active extract in each fraction. IC50 values obtained in the two most active fractions were 31.82 
µg/mL in the ethyl acetate of bark extract and 46.61 μg/mL in the ethyl acetate of leaf extract. This value was higher than that of apigenin standard 
which has an IC50 value of 2.08 µg/mL. The highest phenol content was present in the ethanol leaf extract with 404.903 mg gallic acid equivalent/g 
extract. Meanwhile, the highest flavonoid content was found in the ethyl acetate of bark extract with 372.362 mg QE/g extract.

Conclusion: The bark and leaf extract tests showed that the increase in the total phenol or flavonoid content was proportional to the increase in the 
enzyme inhibitory activity.
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INTRODUCTION

Exogenous and endogenous stimuli cause cell injury, thereby causing 
inflammation of the connective tissue [1]. 5-lipoxygenase (5-LOX) 
is the main enzymes that play a role in inflammation. 5-LOX oxidizes 
arachidonic acid to leukotrienes, this reaction leads to the pathogenesis 
of several diseases such as asthma and rheumatoid arthritis [2,3]. 
Asthma is one of the most common chronic diseases caused by airway 
inflammation, and it has been reported in 300 million people worldwide, 
especially in children [4]. The prevalence of asthma has been increasing 
in the past 20 years – both in developed and developing countries.

Synthetic drugs in various dosage forms, including oral, aerosol, 
and liquid preparations, have been developed for treating asthma. 
Nonsteroidal anti-inflammatory drugs (NSAIDs) and corticosteroids are 
the most often used drugs for the treatment of inflammation. NSAIDs 
are known to have a strong effect as an anti-inflammatory agent in 
asthma and rheumatoid arthritis. However, NSAIDs should be carefully 
administered because they have many side effects, including digestive 
disorders such as abdominal pain, stomach ulcers, and anemia due to 
bleeding in the digestive tract [5].

As an alternative to synthetic drugs, natural ingredients have been used 
as traditional medicines in Indonesia for long. Artocarpus heterophyllus 
(jackfruit) is one of the plants in Indonesia that is used as a traditional 
medicinal ingredient for the treatment of asthma, cough, wounds, 
itching, and acne [6]. Jackfruit leaves contain alkaloids, saponins, 
phenols, and flavonoids [7]. However, to the best of our knowledge, the 
inhibition of 5-LOX by jackfruit leaves/barks has not been elucidated 
to date. Thus, we performed multistage extractions of A. heterophyllus 
bark and leaf fractions with n-hexane, ethyl acetate, and 96% ethanol. 

We analyzed the association between the total phenol and flavonoid 
contents in the bark and leaf extracts with the anti-inflammatory 
activity by performing the lipoxygenase inhibition assay.

METHODS

Duration of the study
This study was conducted for 5  months from February 2018 to May 
2018 in the Phytochemical Research Laboratory, Pharmacognition 
Laboratory, and Qualitative Analysis Pharmaceutical Chemistry 
Laboratory, Faculty of Pharmacy, University of Indonesia, Depok.

Equipment
The equipment used in this study was ultraviolet–visible 
spectrophotometer (PG Instruments Ltd. T80), incubator (Gemmyco), 
rotary vacuum evaporator (Janke and Kunkel IKA, Buchi Rotavapor R-205), 
water bath (Imperial IV Water Bath Lab-Line), refrigerator (Sharp), 
freezers (Sharp), analytical scales (Sartorius 7), digital scales (ACIS, Japan), 
blender (Kirin), vortex mixers (Wisemix), pH meters (Eutech Instrument, 
France), condensers, sonicators (WiseClean), 10–10  µL micropipettes 
(Corning), 100–1000 µL micropipettes (Finnpipette), quartz cuvettes 
(Merck, Germany), grinding machines, and glassware.

Materials
The materials used in this study were barks and leaves of A. heterophyllus 
(jackfruit) from the city of Depok, and these were analyzed at the Center 
for Plant Conservation Botanic Gardens-LIPI, Bogor. The other reagents 
used were apigenin standard (Apigenin analytical standard, Sigma-
Aldrich), water, potassium chloride P, sodium hydroxide, boric acid, 
linoleic acid, dimethyl sulfoxide, lipoxygenase enzymes (Sigma-Aldrich, 
USA), nitric acid (Merck, Germany), sodium sulfate anhydrous (Merck, 
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Germany), aquades, ethanol (technical), ethyl acetate (technical), and 
n-hexane (technical).

Extraction
n-Hexane, ethyl acetate, and ethanol were chosen as the solvents for 
extraction. A sample-solvent ratio of 1:10 was used for extracting the 
samples – the amount of this solvent was sufficient to wet the entire 
surface of the Simplicia with reflux method. After that, the liquid was 
evaporated until coagulate be extract.

Total phenol content test
The total phenol content in the extracts was analyzed using the 
Folin–Ciocalteu method [8]. This method is based on the reduction 
of a phosphotungstate (WO4

2−)-phosphomolybdate (MoO4
2−) reagent 

mixture by the phenolic hydroxyl group of phenol compounds, which 
results in the formation of a blue color. Color intensity was calculated 
based on reading the absorbance values in the spectrophotometer [9]. 
For measuring the total phenol content, gallic acid equivalent (GAE) 
was used as the reference. The curve was made by plotting gallic acid 
absorbance against concentrations of 30, 40, 50, 60, 70, and 80 µg/mL.

Total flavonoid content test
The aluminum chloride (AlCl3) method was performed for measuring 
the total flavonoid content. The principle of determining flavonoid 
content by theAlCl3 method is the complex formation between AlCl3 
and keto groups of C-4 atoms and the neighboring hydroxyl groups 
at C-3 or C-5 atoms. The standard control used for measuring the 
flavonoid content was quercetin because quercetin is a flavanol (a class 
of flavonoids) that has keto groups at the C-4 atoms and neighboring 
hydroxyl groups at C-3 and C-5 atoms (Fig. 1) (Azizah et al., 2014).

AlCl3 addition causes a bathochromic shift toward the visible 
wavelength, which is indicated by the intense yellow color in the 
solution. Adding sodium acetate maintains the wavelength in the visible 
area. Quercetin standards used in this study were made in several 
concentrations, i.e., 30, 40, 50, 60, 70, and 80 µg/mL. The absorbance 
of each quercetin concentration was used to find the linear regression 
equation from concentration against absorbance plot. The quercetin 
standard linear regression equation obtained was y=0.0068x-0.0079.

Enzyme inhibition assay
The enzyme used was 15-lipoxygenase, which was obtained from 
soybeans. Borate buffer was used to maintain the pH at 9.0. The 
concentration of linoleic acid as substrate was optimized for use in the 
enzyme inhibition assay. The concentrations of the substrate analyzed 
were in the range of 100–500 µM. The substrate concentration was 
selected based on the previous studies, which were performed with 
400 µM [10].

RESULTS

From the data below can be seen sample examination, characterization 
of the leaf samples, entrapment efficiency, lipoxygenase inhibition 
assay, leaf and bark extract characterization, optimization of linoleic 
acid uptake, inhibition analyses, total phenol contents, total flavonoid 
content.

Sample examination
The extraction results can be seen are listed Table 1. Yield of leaf and 
bark extracts of Artocarpus heterophyllus (jackfruit).

Characterization of the leaf samples
Macroscopic from leaf and bark of Artocarpus heterophyllus (jackfruit)  
are listed Table 2. Then, Microscopic from leaf and bark of Artocarpus 
heterophyllus (jackfruit)  are listed in Figs. 2 and 3. 

Entrapment efficiency
Maraviroc microspheres were characterized for percentage entrapment 
efficiency. The percentage entrapment efficiency ranged from 50.80% 
to 91.43% (Table 2).

Lipoxygenase inhibition assay
The graph of lipoxygenase inhibition by apigenin is shown in Fig. 4.

Fig. 1: Complex formation of quercetin-aluminum chloride (Source: Azizah et al., 2014)

Table 2: Macroscopic examination results

Sample Macroscopic examination results
Leaf In the form of an oval, round leaf with short leafstalk, 

blunt tip, flat-leaf edge, pinnate leaf, and brownish-green
Bark Yellowish-brown, odorless, in the form of cut or slice, 

fibrous and hard

Table 1: Yield of leaf and bark extracts of Artocarpus 
heterophyllus (jackfruit)

Plant 
section

Solvent Extracted Simplicia 
weight (g)

Extract 
weight (g)

Yield 
(%)

Leaf n-hexane ethyl 
acetate

2.23
2.56

2.23
2.56

Ethanol 70%
100 2.13 2.13

2.41 2.41
Bark Ethanol 70%

3.55
3.02

3.55
3.02
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Leaf and bark extract characterization
Based on the extraction results, the yield percentage is shown in Table 2.

Optimization of linoleic acid uptake
Optimization results showed that the uptake of linoleic acid substrate 
increased with increasing lipoxygenase concentration. The absorption 
value showed a significant increase up to a substrate concentration of 300 
µM; then, it became stable, after which there was a slight decrease in the 
absorption value at the substrate concentration of 400 and 500 µM. Thus, 
the optimal substrate concentration was found to be 300 µM. The results 
of the overall optimization of the substrate uptake are shown in Table 3.

Inhibition analyses
As shown in Table 4, the lowest IC50 value was shown by the ethyl acetate 
bark extract with an IC50 value of 31.82  µg/mL followed by the ethyl 

acetate leaf fraction with an IC50 value of 46.61 µg/mL. Because n-hexane 
bark and leaf fractions showed IC50 values >100 µg/mL, both fractions 
were considered to be less potent. This is because the n-hexane fraction 
is nonpolar with contents such as essential oils and chlorophyll.

Total phenol contents
As shown in Table  5, the highest total phenol content was observed 
in the ethanol leaf extract containing 404.903 μg GAE/mg extract and 
the ethyl acetate leaf extract containing 177.187 μg GAE/mg extract. 
Moreover, the highest total phenol content in the bark was found in the 
ethyl acetate bark extract containing 189.484 μg GAE/mg extract.

Total flavonoid content
As shown in Table 6, the highest average total flavonoid content in the 
bark was found in the ethyl acetate bark extract with 372.362 µg QE/mg 
extract, while the highest average total flavonoid content in the leaf was 
found in the ethyl acetate leaf extract with 302.658 µg QE/mg extract.

DISCUSSION

To the best of our knowledge, a lipoxygenase inhibition assay with 
jackfruit bark and leaf extracts has not been reported to date. In 
this study, a lipoxygenase inhibition assay was performed using 
fractions from multistage extraction of barks and leaves of jackfruits 
to investigate the specific properties of the compounds capable of 
inhibiting lipoxygenase activity based on their polarity. Lipoxygenase 
was found to be inhibited by jackfruit bark and leaf extracts. The results 
of our study and those of previous studies show that the polar or 
semipolar compounds in jackfruit bark and leaf extracts could inhibit 
the lipoxygenase activity.

In this study, plant extraction was performed by the reflux method, 
which is a simple extraction method that occurs within a relatively 
short time. In this method, the equipment is relatively inexpensive and 
the solvents can be reused [11]. Conventionally, phenolic acids and 
flavonoid compounds can be extracted by reflux extraction or Soxhlet 
extraction  [12]. n-Hexane, ethyl acetate, and ethanol were chosen for 
the extraction because each solvent has a different polarity, with the 
polarity index of n-hexane, ethyl acetate, and ethanol being 0, 4.4, and 
5.2, respectively [13]. Therefore, the solvents used in stages from the 
lowest polarity were n-hexane, followed by ethyl acetate, and finally 
ethanol.

Lipoxygenase is a group of cytosolic enzymes that catalyze the 
oxygenation of polyenoic fatty acids to the corresponding lipid 
hydroperoxides. This enzyme requires a fatty acid substrate with two 
cis double bonds separated by a methylene group. Arachidonate, which 
contains multiple double bonds with this configuration, is metabolized 
into a product that has hydroxyl groups at various positions. 
Arachidonate is metabolized into hydroperoxy-eicosatetraenoic 
acid [5], which is further converted into leukotriene-A4 (LTA4) that 
forms other leukotrienes such as LTB4, LTC4, LTD4, and LTE4. LTB4 
is an important compound in the production and release of pro-
inflammatory cytokines  [14]. Leukotrienes conjugate with triene 
compounds formed from eicosanoic acid in leukocytes, mast cells, 
platelets, and macrophages through the lipoxygenase pathway [15].

In this study, linoleic acid was used as the substrate because it is cheaper 
and more stable than arachidonic acid. However, the inhibition values of 
these two substrates are comparable. 15-lipoxygenase was maintained 
stably in borate buffer at the optimum pH of 9.0. The resulting product 
formed a conjugated double bond, which increased absorbance at 
234  nm. The increase in absorbance was used for the calculation 
of the number of products produced so that the inhibition value can 
be known  [10]. During the optimization of linoleic acid uptake, we 
observed that the uptake began to decrease at a concentration of 400 
µM because the active sites of the enzyme were filled with the linoleic 
acid substrate so that no enzyme was free to form the enzyme-substrate 
complex. Therefore, the addition of more substrate did not increase the 
reaction rate or have any significant effect on the measured uptake [15].

Fig. 4: Graph of lipoxygenase inhibition by apigenin

Fig. 2: Microscopic examination of jackfruit leaf Simplicia at ×10; 
1–3 hair cells (a); anisocytic stomata type (b); transport with 

thickened bands resembling ladder (c); oil glands (d)

dc

ba

Fig. 3: The results of the microscopic examination of jackfruit bark 
Simplicia at ×40; cork cells with oil (a); calcium oxalate crystals (b)

a b
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We performed the lipoxygenase inhibition assay with apigenin to assess 
if this method could be used as well as to compare the percentage 
inhibition and IC50 values between the samples and the positive 
controls. In the standard apigenin assay, a standard control test was 
also used, which was needed to correct the results of the standard 
uptake if the enzyme still showed activity after being stopped or if there 
were other compounds that provide absorption at the wavelength of 
the test solution measurement. Testing of blank solution and blank 
control facilitates the determination of the enzyme activity without 
inhibition. The test results showed that the IC50 value of apigenin for 
inhibiting lipoxygenase was 2.08 μg/mL. The previous studies showed 
that the IC50 value of apigenin was 2.03 μg/mL [10]. This difference may 
be attributed to the measurement conditions such as temperature and 
the use of different instruments.

At concentrations below 100  µg/mL, four extracts from jackfruit 
barks and leaves showed more than 50% inhibition activity in the 
lipoxygenase inhibition assay. Phenolic compounds such as flavonoids 
have been reported to inhibit lipoxygenase [16]. In the total phenol 
content assay test, gallic acid was chosen as the standard due to the 
availability of gallic acid as a stable and pure substance; moreover, 
gallic acid is relatively cheaper than other standard compounds [17]. 
The results of the total phenol content assay showed that there was an 
association between the increased total phenol content in the extract 
and the increase in the ability to inhibit enzyme activity, as shown by 
the jackfruit leaf extract. High levels of phenols also influence the anti-
inflammatory activity, which was shown by the decrease in the IC50 
values [7].

Several studies have shown that flavonoid compounds can inhibit 
lipoxygenase activity [18,19]. Some flavonoid compounds, including 
astragalin, quercitrin, luteolin, amentoflavone, lonicerin, rhoifolin, and 
genistein, can inhibit lipoxygenase activity with the highest percentage 
inhibition shown by luteolin with an IC50 value of 5 µg/mL.

Our study shows that an increase in the total phenol and flavonoid 
content is proportional to the increase in the enzyme inhibitory activity. 
Thus, barks and leaves of jackfruits extracted with ethanol or ethyl 
acetate can maximally inhibit lipoxygenase activity, thereby making 
them useful to be considered in the development of anti-inflammatory 
drugs.

CONCLUSION

In future studies, variations in the concentrations for comparing 
the IC50 values should be made the same. Further fractionation and 
isolation processes need to be performed on the extract with the 
highest inhibitory activity to identify the specific active compounds that 
are responsible for the inhibitory activity.
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