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Abstract: Kabau fruit peel has higher antioxidant activity. Antioxidants can changes immunological
and oxidative stress parameters and enhance the immune system. This study aimed to determine the
immunostimulatory activity of 96 % and 50 % ethanol extracts of kabau fruit peel and to isolate the
major secondary metabolites. The immunostimulatory activity was tested using the carbon clearance
method. Eighteen male Swiss Webster mice were divided into groups, given each ethanol extract at a
respective dose of 100 and 200 mg/kg BW, 0.5 % Na-CMC as the negative control, and 19.5 mg/kg
BW Stimuno as the positive control. Each treatment was given for seven days. The active extract was
further fractionated and isolated using chromatography, followed by identification and characterization
of the isolate using TLC-Scanner and NMR. The 96 % ethanol extract had immunostimulatory activity,
with a phagocytic index of 1.17. Isolation of the ethanol extract revealed Quercitrin, a flavonoid, with
Rf value of 0.55. Results of this study indicate that kabau fruit peel extract has immunostimulatory
activity with flavonoid as the active ingredient.

Keywords: immunomodulatory; Kabau (Archidendron bubalinum); fruit peel; carbon clearance;
flavonoids.
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1. Introduction

Immunomodulators have a role in increasing, suppress, or modulate the immune system
(adaptive or innate immune system) [1]. A healthy immune system can kill pathogens and
tumor cells by identifying and killing foreign materials [2]. The phytochemical compounds of
plants can act as an immunomodulator; these include glycosides, flavonoids, alkaloids, phenaol,
saponins, sterols [3], terpenoid, and coumarin [1]. The flavonoid in the plant has several
biological activities, including immunomodulator and antioxidant [4,5]. Polysaccharides from
plants also have immunomodulatory and antioxidant activities [6-9].

One of the polyphenol groups, quercetin, has immunomodulatory and antioxidant
activity by increasing IFN-y secretion and reducing oxidative stress [10,11].
Cyclophosphamide-induced animals treated with vitamin C were shown to have improved
immunodeficiency as well as oxidative stress parameters [12]. This data shows the relationship
between oxidative body status and immune response.
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Kabau (Archidendron bubalinum) is a plant that is closely related to jengkol
(Archidendron pauciflorum), a plant with fruits known for its strong aroma. Kabau (A.
bubalinum) grows naturally in secondary forests in Sumatra (one of five major islands in
Indonesia), Malaysia, and Thailand [13]. Kabau seed is used as a flavoring agent in cooking
and traditional vegetable salad. Kabau log is used as construction materials for the construction
of houses and household appliances [13].

Kabau seed has the potential as an antioxidant [5]. However, the kabau fruit peel has
better antioxidant activity [14]. The phytochemical screening of kabau fruit peel and kabau
seed showed the presence of alkaloids, flavonoids, phenols, tannins, terpenoids/steroids,
mono/sesquiterpene, saponins, and quinones [14].

This study aimed to determine the immunostimulatory activity of 96 % and 50 %
ethanol extracts and to isolate the major secondary metabolites of kabau fruit peel.

2. Material and Method

Kabau fruits were collected from Silago, Dharmasraya, West Sumatra. The result of the
taxonomic determination in ANDA Herbarium at Andalas University showed that the plants
used were kabau (Archidendron bubalinum (jack) I.C. Nielsen). Kabau fruit peels were
chopped and then dried at temperature <50 °C and subsequently ground to powder.

2.1. Extraction.

Extraction was carried out by reflux using 96 % ethanol as the solvent. The residue
extraction was further extracted with 50 % ethanol for 2 hours. In total, one kilogram of kabau
fruit peel powder was extracted with 2.5 L of solvent three times. Phytochemical screening was
carried out on the crude drug and extracts to determine the secondary metabolites such as
alkaloid, flavonoid, phenol, tannin, saponin, quinone, and terpenoid/steroids.

2.2. Determination of total flavonoid content and total phenol content.

2.2.1. Total flavonoid content.

Determination of total flavonoid content referred to the method by Sujono et al., with
slight modification [4]. Extract solution (80 mg extracts diluted in 10 mL methanol) was
prepared in a volume of 0.5 mL. The solution was then mixed, then added with 1.5 mL
methanol, 0.1 mL of 10 % AICIs, 0.1 mL of sodium acetate, and 2.8 mL aqua dest, and
incubated at room temperature for 30 min. The absorbance of the final solutions was measured
at a wavelength of 425 nm.

2.2.2. Total phenol content.

Determination of total phenol content was performed using Folin-Cioucalteu reagent,
referred to the method by Yunitrianti et al., with slight modification [15]. Half a milliliter
solution (80 mg extracts diluted in 10 mL methanol) was added with 2.5 mL of 7.5 % Folin-
Cioucalteu reagent and incubated for 8 min. It was then added with 2 mL of 1 % NaOH and
incubated for 60 min. The absorbance of the final solutions was measured at a wavelength of
730 nm.
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2.3. Carbon clearance method.

The carbon clearance test aims to calculate the phagocytic index from the absorbance
values of blood samples following administration of Chinese ink through the tail veins
[16][17].

2.3.1. Preparation of test solutions.

The test solutions were the ethanol extracts at a dose of 100 and 200 mg/kg BW. The
positive control used a Stimuno® capsule was prepared in a suspension in 0.5 % Na-CMC to
be given at a dose of 19.5 mg/kg BW. Test solutions were administered once a day for seven
days.

2.3.2. Preparation of animal test.

Eight-week-old male Swiss Webster mice were obtained from the animal laboratory of
the Research and Innovation Center, ITB. Mice were acclimatized for one week before starting
the experiment. Mice were kept in a room at 25 + 2 °C with 55-60 % humidity and 12 hours-
12 hours light-dark cycle. The procedure for animal treatment in experiments has been
approved by the Ethics Committee of Padjadjaran University, Bandung (Ethical Approval No.:
141/ UN6.KEP / EC / 2021).

2.3.3. Carbon clearance measurement.

Mice were divided into six groups, each receiving vehicle (Na-CMC 0.5 %), ethanol
extracts at a dose of 100 mg/kg BW and 200 mg/kg BW, and Stimuno® suspension,
respectively. Following seven days of treatment, initial blood sampling was carried out from
the tip of the tail vein. All mice were then injected with Chinese ink at 0.1 mL/10 g BW via the
tail vein. At the 5" and 20" minutes after carbon injection, 20 pl of blood sample was taken
and then added to 4 mL of 1 % acetic acid solution. The final solution was measured for its
absorbance using a UV-Vis spectrophotometer at a wavelength of 675 nm. The absorbance
values were used to measure the rate of carbon clearance (k) and phagocytic index (o) according
to the following formula [17]:

InOD5 —LnOD 20

t2 —t1
3 Body Weight
Liver wt+spleen wt'

where OD5 and OD20: absorbance of blood sample at 5" and 20" minutes, t1 and t2: the initial
and the last time of blood collection, respectively.

o=

2.4. Isolation of active compound.

The active extract showing immunostimulant activity was further fractionated and
isolated using chromatography. Fractionation was carried out with vacuum liquid
chromatography using a column with a diameter of 10 cm and a length of 24 cm with silica gel
60 H as stationary phase. The solvent used as mobile phase for gradient separation is n-hexane,
ethyl acetate, and methanol. The mobile phase was used in gradually increasing polarity: n-
hexane-ethyl acetate (5:5), n-hexane-ethyl acetate (2.5:7.5), 100 % ethyl acetate, ethyl acetate-
methanol (9:1) to 100 % methanol with a mobile phase composition is 500 mL.
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The fraction obtained was monitored using thin-layer chromatography (TLC) with
silica gel GF2s4 as stationary phase and n-hexane-ethyl acetate-methanol (2:7.5:0.5) as mobile
phase. The TLC plates were sprayed with the citroborate reagent and observed under 366 nm
UV light. Fractions with the same chromatogram pattern were combined and were further
fractionated with column chromatography with gradient elution using 100 mL mobile phase
starting from n-hexane-ethyl acetate (2:8) to 100% methanol. The result of fractionation was
monitored using TLC.

The separation of flavonoids was continued with column chromatography using an
isocratic mobile phase of n-hexane-chloroform-methanol (4:80:20). The subfraction obtained
was monitored using TLC with silica gel GF2s4 as stationary phase and ethyl acetate-methanol
(9:1) as mobile phase. The isolate was characterized by a single spot on the TLC plate.

2.5. Identification and characterization of the isolate.

TLC-Scanner was used to determine the Rf value and the maximum wavelength of the
isolate, which was further characterized and identified using NMR spectroscopy Agilent 500
MHz.

3. Results and Discussion
3.1. Extraction and phytochemical screening.

Reflux was chosen as an extraction method in this study on the consideration that it can
extract more secondary metabolites. Sati et al., demonstrated that reflux produced the highest
flavonoid glycosides than soxhlet and maceration [18]. In addition, reflux has been shown to
be economical and efficient, which does not require expensive costs for tools, equipment
handling, and operating personnel [19]. The yields were 8.5 % and 12.3 % for 96 % and 50 %
ethanol extracts, respectively. The 96 % ethanol extract had a blackish-green color with a thick
texture, while the 50 % ethanol extract was reddish-brown with a dry texture.

Phytochemical screening of extracts and crude drug of kabau fruit peels were presented
in Table 1.

Table 1. Result of phytochemical screening of extracts and crude drug of Kabau fruit peels.

Group Crude 96 % 50 %
drug ethanol ethanol
extract extract
Flavonoid + + +
Phenol + + +
Alkaloid
Tannin + + +
Quinon
Saponin + - +
Terpenoid/Steroid + + +

Description: (+) = detected, (-) = not detected
3.2. Total flavonoid content and total phenol content.

A series of quercetin concentrations (40, 45, 50, 60, and 100 ppm) was used as a
standard. The addition of 0.1 mL of 10 % AICls produces a yellow complex compound that
shifts the wavelength toward visible light, maintained by sodium acetate [4,20]. At 425 nm, the
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quercetin regression equation was found to be (y) = 0.0098x - 0.1536, with a correlation
coefficient (r?) of 0.9983.

The addition of the Folin-Ciocalteu reagent in phenol determination produced complex
blue compounds [20]. A series of gallic acid concentrations used as a standard [21,22]. Upon
spectrophotometric measurement of gallic acid in several concentrations (40, 50, 60, 80 and
100 ppm), regression equation to be (y) = 0.0069x - 0.0209, with a correlation coefficient (r?)
of 0.9948.

Results of total flavonoid and phenol content determination are presented in Table 2.

Table 2. Total flavonoid and phenol content of ethanol extracts.

Extracts Total Total Phenol
Flavonoid Content (%)
Content
(%)
96 % 1.850+0.021 9.507+0.176
ethanol
extract
50 % 0.593+0.002 10.512+0.071
ethanol
extract

The 96 % ethanol extract had the highest flavonoid content, while the total phenol
content between the two extracts was not much different.

3.3. Immunomodulatory test.

The extracts were subsequently tested for immunostimulatory activity. The activity
testing used the carbon clearance method, which can measure the activity of macrophages to
clear the foreign material in circulation [16]. The foreign material in this study is represented
with Chinese ink. Results of the immunomodulatory test are manifested in the phagocytic
index, presented in Table 3.

Table 3. Phagocytic index.

Group Phagocytic | Category
index
Stimuno Capsule 19,5 mg/Kg BW 1.4564 Stimulant
Na CMC 0,5 1.0000 -

96 % ethanol extract 100 mg/kg BW 1.1682 Stimulant
50 % ethanol extract 100 mg/kg BW 0.9754 Suppressant

96 % ethanol extract 200 mg/kg BW 1.1699 Stimulant
50 % ethanol extract 200 mg/kg BW 0.9778 Suppressant

The results showed that the reference substance Stimuno® had the highest phagocytic
index of 1.4564, while the 96 % ethanol extracts at 100 and 200 mg/kg BW had phagocytic
indices of 1.1682 and 1.1699, respectively, indicating that these substances fall into the
category of immunostimulant and a value of lower than 1, as shown by 50 % ethanol extract is
categorized as an immunosuppressant [23].

The phagocytic indices obtained in this study could be correlated with the total
flavonoid content in the extracts. We observed that 96 % ethanol extract had higher total
flavonoid than 50 % ethanol extract. Zalizar demonstrated that the higher the flavonoid content,
the higher the phagocytic capacity and activity. In this study, the escalating doses of n-hexane
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extract of Phyllantus niruri produced gradually increasing phagocytic activity upon
Staphyloccocus aureus infection [24].

3.4. Isolation.

The active extract was further fractionated and isolated using chromatography. The
result was a yellow powder isolate, which was further analyzed using TLC scanner to visualize
the spectrodensitogram of the spots on the TLC plate.

(@) (b)
Figure 1. Thin Layer Chromatography of isolate. The stationary phase was silica gel GF254, with ethyl acetate-
methanol-formic acid (9:1:0,05) as mobile phase, (a) plate presentation after spraying with citroborate and
viewed under 366 nm UV light; (b) spectrodensitogram.

As presented in Figure 1, results of TLC-Scanning revealed an Rf value of 0.55 with
two peaks in spectrodensitogram at 350 and 262 nm. The result suggested the presence of a
flavonoid. The 350 nm peak might correspond to the cinnamoyl ring, while that of the 262 nm
to the benzoyl ring.

3.5. Characterization and structure identification of isolate by NMR.

The yellow powder isolate was identified as Quercitrin, based on the following
characteristics: *H-NMR (500 MHz, CDsOD) spectra: 0,93 (3H, d), 3,3 (1H, d), 3,4 (1H, m),
3,7 (1H, dd), 4,2 (1H, m), 5,3 (1H, d), 6,2 (1H, d), 6,3 (1H, d), 6,9 (1H, d), 7,31 (2H, t). 1°C-
NMR 125 MHz, CD3OD spectra : 17, 6 (C6”), 71,9 (C27), 72,0 (C3”), 72,1 (C4™), 73,2 (C57),
94,7 (C8), 99,7 (C6), 103.,5 (17), 105,8 (C10), 116,3 (C5), 116,9 (C2), 122,8 (C6), 122,9
(C1), 136,2 (C3), 146,4 (C3’), 149,7 (C2), 158,5 (C4’), 159,2 (C9), 163,1 (C5), 165,8 (C7),
179.6 (C4).

Based on *H-NMR spectra, as presented in Figure 2, a chemical shift at 0.93 ppm (3H,
d) suggested a methyl group. At a 3.33-4.22 ppm the chemical shift indicated multiple protons
in sugar. The chemical shift at 5.34 ppm showed more deshieldings, indicating protons bound
to oxygen that connected sugar and flavonoid. The chemical shift of 6.19 ppm (1H, d), which
was more upfield than the chemical shift of 6.36 ppm (1H, d), was estimated to be the proton
in C-6, which had one C neighbor atom, the proton at C-8 at a chemical shift of 6.36 ppm. A
chemical shift of 6.91-7.31 ppm (1H, d) suggested a proton bound to the cinnamoyl ring of the
flavonoid, which was more deshielding than the benzoyl ring. The chemical shift of 6.91 ppm
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(1H, d) indicated the proton attached to C-5', which had one neighboring proton, the proton at
C-6'.
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Figure 2. 'H-NMR spectra of isolate.

The chemical shift of 7.31-7.33 ppm (2H, t) demonstrated a proton bound to C-6 'and
C-2', when enlarged, showed a doublet-doublet signal on a chemical shift of 7.31 ppm (1H,
dd). The signal indicated a proton at C-6 ', which was close to the proton at C-5'and C-2". A
chemical shift of 7.33 ppm (1H, d) indicated the proton attached to C-2'.
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Figure 3. *C-NMR spectra of isolate.

13C-NMR spectral data of the isolate is shown in Figure 3. The chemical shift at 179.6
ppm indicated the presence of a carbon atom in the ketone group (C-4). The chemical shift of
95-170 ppm indicated the presence of carbon atoms in the aromatic moiety. The chemical shift
of 71-73 ppm suggested carbon atoms in the sugar group attached to the flavonoid. The
chemical shift at 17.6 ppm indicated the presence of a carbon atom attached to three protons
(methyl). With the presence of the methyl group, one might suggest that the type of sugar bound
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to this compound is rhamnose. Based on the result of the spectroscopic analysis comparison
with literature data, the compound might correspond to Quercitrin (Figure 4) [25].

Figure 4. Chemical structure of Quercitrin.

Cherng et al. had proposed two types of immunomodulation. Type | works in two ways,
namely stimulating Peripheral Blood Mononuclear Cell (PMBC) proliferation and secreting
IFN-y; and type Il works only by secreting IFN-y without causing PMBC proliferation.
Flavonoid compounds that stimulate type | immunomodulation include quercetin, while rutin
represents a substance that works on type Il. Sugar groups in rutin have been suggested to be
the main point of differences in immunomodulating responses in type | and type Il, in which
flavonoid was bound to sugar group [26]. This indicates flavonoid obtained work on type II
immunomodulation. Quercitrin meets the criteria of a flavonoid compound bound to sugar, as
characterized by black spots under 366 nm UV light [27].

Quercitrin has several biological activities, including antioxidant, inhibition of
thrombogenesis, antiplatelet, increasing lipid metabolism, and inducing hepatic steatosis [28-
29]. Ethanol extract from the leaves of Houttuynia cordata contains flavonoid compounds
Quercitrin and quercetin with antiviral activity (anti-DENV-2) [30]. The potential
immunostimulatory activity of the isolate obtained in the present study might be in line with
this data.

4. Conclusions

Results of this study indicate that 96 % ethanol extract of kabau fruit peel is potential
as immunostimulant at a dose of 100 mg/kg BW, and one of the active compounds is quercitrin.
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