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Physalis angulata L fruit extract is a promising natural substance with immunomodulatory properties. Therefore,
this study aimed to characterize and investigate the immunostimulatory effect of P. angulata L fruit extract using
hematological parameters and nitric oxide (NO) production. Fruit extract was characterized through standardization,
LC-ESI-MS analysis, and determination of total phenolic content. /n vivo immunostimulatory effect tests were
conducted on Wistar rats using hematological parameters. Meanwhile, an in vitro test was performed on RAW
264.7 cells through cell viability and NO assays. LC-ESI-MS analysis showed 16 secondary metabolite compounds
in P. angulata L fruit extract, and the total phenolic content was 2.895 mg/g gallic acid. Additionally, an in vivo
immunostimulatory effect test identified that a 300 mg/70 kg BW dose of fruit extract increased the levels of
leukocytes, lymphocytes, monocytes, and granulocytes in male Wistar rats. In vitro test results showed that cell
viability induced by P. angulata L fruit extract averaged above 100% to a concentration of 500 ppm. Furthermore,
NO production in cells administered with extract was higher compared to other treatments. In conclusion, P.
angulata L fruit extract could enhance the immune system, suggesting the potential for development as a natural
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immunostimulant.

INTRODUCTION

The immune system is essential in protecting the body
against infectious diseases and pathogens, as well as supporting
cell cycle homeostasis [1]. Two groups of cells, macrophages
and lymphocytes, play crucial roles in innate and adaptive
immunity, respectively [2]. Furthermore, Pattern Recognized
Receptors found on the surface of innate immune cells identify
foreign microbes for destruction through defense mechanisms,
such as NK cells and macrophage-mediated phagocytosis [3].
In adaptive immunity, microorganisms are recognized by T
and B lymphocytes through antigen-specific surface receptors,
then eliminated by cytotoxic responses (neutrophils, CD45+
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lymphocytes, CD8+ T cells, monocytes, and B lymphocytes)
and antibody production [4].

Natural —materials are increasingly used as
immunostimulants due to their stronger tolerance ability and
minimal side effects [5]. The World Health Organization estimates
that approximately three-quarters of the global population
currently use herbs and other forms of traditional medicine to
treat various diseases [6]. Ciplukan (Physalis angulata L) is
among such plants applied in traditional medicine for many years.

Physalis angulata L belongs to the Solanaceae family
widely distributed in tropical and sub-tropical regions. This plant
is traditionally used to treat malaria, asthma, hepatitis, dermatitis,
and rheumatism [7]. The components include phenolic acids
(21.51%), flavonoids (15.59%), chalcones (1.08%), coumarins
(7.53%), other phenolic compounds (16.13%), amino acid-related
compounds (10.75%), fatty acid-related compounds (6.45%), and
terpenoids (20.97%) [8]. Daltro et al. [9] reported that ethanol
extract from P. angulata L stems reduced the production of NO,
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interleukin 6, interleukin 12, and TNF-a in activated macrophage
cells without affecting cell viability. Wang er al. [10] found
that Physagulin A, C, and H isolated from the stems and leaves
inhibited the production of NO, IL-6, IL-12, and TNF-a in RAW
264.7 cells without initiating toxicity. Additionally, P. angulata L
fruit callus extract can prevent the induction of IL-1B, (TNF-a),
IL-6, IL-12, cyclooxygenase-2 (COX-2), and inducible nitric
oxide synthase (iNOS), as well as increase the levels of arginase
1, IL-10, and mannose receptor C [11].

The activity of P. angulata L extract which addressed
it as an immunomodulator has been widely reviewed in various
studies above, but existing studies on the use of P. angulata L
fruit extracts specific as an immunostimulatory agent are still
limited. Kusumaningtyas et al. [12] have been reported that P,
angulata L fruit ethanol extract at a concentration of 1 mg/100
ul increased lymphocyte cell proliferation with a stimulation
index of 204.09% [12], and Marin Sisley et al. [13] found that
inducing a 17.2 mg/kg dose of P. angulata L herb extract for 6
hours extract elevated the average activation of immune system
response by 58.8% [13]. However, in vitro activity of P. angulata
L fruit extract against macrophage cells and in vivo effects on
male Wistar rats as immunostimulants have not been widely
explored. Therefore, this study aimed to characterize as well as
investigate in vivo and in vitro immunostimulatory effect of P.
angulata L fruit extract in male Wistar rats and RAW 264.7 cells.

MATERIALS AND METHODS

Material

The materials used in this study included P. angulata L
fruit, ethanol 70%, methanol, water, gallic acid, folin ciocalteu
reagent, male Wistar rats, RAW 264.7 cells (Elabscience, Texas,
USA), Dulbecco’s Modified Eagle medium (DMEM), Fetal
Bovine Serum (FBS), penicillin-streptomycin, WST-1 reagent,
and a Nitric oxide (NO) kit (Catalog no.MAK367, Sigma).

Extraction of P. angulata L fruit

This research was carried out from August 2021 to
December 2023. The ripe fruit of P angulata L with yellow—
purple color of epicarp, age 2-3 months was collected in the
summer season from the Ciwidey plantation area, Bandung,
West Java, Indonesia. The samples were then identified at
the National Research and Innovation Agency, Bogor. Fruit
samples were dried as well as macerated with a 1:1 mixture
of 70% ethanol and water, then evaporated using a rotavapor.
The resulting thick extract was granulated with mannitol and
acrosil, dried, and powdered.

Standardization

The dried extract was standardized by assessing
moisture content, density, loss on drying, total ash content,
water-soluble compounds, and ethanol-soluble compounds
based on the evaluation procedure in practical pharmacognosy
[14].

Metabolite identification using LC-ESI-MS

Physalis angulata L fruit extract was analyzed using
an LC-ESI-MS instrument (Waters Acquity UPLC I-Class and

XEVO G2-XS QTOF). During this process, 10 mg of extract
samples were weighed, dissolved in 10 ml of methanol, and
inserted into a 5 pl microsyringe. The samples were eluted with
a gradient system using a mobile phase of water/formic acid
(99.9/0.1 [v/v]) and acetonitrile/formic acid (99.9/0.1 [v/v]).
The resulting separation chromatogram was processed with
Masslynx 4.1 software to obtain data in the form of the peak
areas and m/z spectra of each peak. Furthermore, predicted
compounds were interpreted using ChemSpider and PubChem

[15].

Determination of total phenolic content

The total phenolic content in the samples was
determined using the Folin-Ciocalteu colorimetric method.
Furthermore, gallic acid served as a standard, and the results
were presented in the form of mg gallic acid equivalent/100 g P,
angulata L fruit extract [9].

In vivo immunostimulatory effect

The immunostimulatory effect of P angulata L
fruit extract was determined according to Adnyana et al. [16]
and Fitria et al. [17] with some modifications. Male Wistar
rats of 2-3 months old, weighing 150-250 g, were obtained
from SITH, Bandung Institute of Technology. Handling and
treatment of these test animals adhered to the ethics approval
no. 269/HRECC.FODM/V1/2021. The rats were divided into
four groups of six members each, then adapted. Treatments
including 300 mg P. angulata L fruit extract/70 kg BW, a gallic
acid equivalent dose of 300 mg P. angulata L fruit extract/70
kg BW, negative control, and positive control, were orally
administered to groups 1, 2, 3, and 4, respectively, for 14 days.
Hematological measurements of leukocytes, lymphocytes,
monocytes, and granulocytes were conducted on day 14 using a
hematology analyzer.

Cell culture

The entire RAW 264.7 cells (Elabscience, Texas,
USA) were cultured in DMEM, supplemented with 10% FBS
and 1% penicillin-streptomycin, then incubated at 37°C with
5% CO2 [18].

Cell viability

RAW 264.7 cells at 7 x 10° were cultured in 96 well
plates and incubated for 24 hours. Approximately 50 pl of P,
angulata L fruit extract with concentrations of 1,000 ppm, 500
ppm, 250 ppm, 125 ppm, 62.5 ppm, 31.25, and 15, 63 ppm
were added to each well, then incubated for another 24 hours.
Subsequently, WST-1 reagent was added and incubated for 2
hours before measuring absorbance with a microplate reader at
a wavelength of 450/620 nm [17].

Nitric oxide assay

RAW 264.7 cells (1 x 10°) were cultured in 24 well
plates and incubated for 24 hours at 37°C with 5% CO,. The
previously used medium was discarded, and then 500 pl of P
angulata L fruit extract dissolved in FBS-free medium was
added to the wells at concentrations of 500 ppm, 250 ppm, and
125 ppm. After incubation for 48 hours, 100 pl of supernatant
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collected from each sample was reacted with 100 pl of Griess
reagent (Catalog no.MAK367, Sigma) according to the
manufacturer’s instructions. NO concentration was calculated
based on the NO, standard curve, and absorbance was measured
at 540 nm using a microplate reader [19].

Statistical analysis

Collected data were analyzed with one-way ANOVA
using Minitab® statistical software version 21.3.1. Subsequently,
the values obtained from this process were considered to be
significantly different when p < 0.05.

RESULTS AND DISCUSSION

Standardization of P. angulata L fruit extract

Standardization of P. angulata L fruit extract was
conducted by assessing moisture content, density, loss on
drying, total ash content, water-soluble compounds, and
ethanol-soluble compounds. The result is presented in Table 1.
The results of the moisture content test showed that P. angulata
L fruit extract met the moisture requirements (< 10%), which
was the threshold for the water content of the extract to avoid
microbial contamination and enzymatic hydrolysis [20]. The
results of loss on drying test also indicated that P. angulata L
fruit extract met the requirements, which was < 11%, where
loss on drying indicated the amount of compounds lost after
drying at a temperature of 105°C. The total ash content obtained
also met the requirements, which was < 16.6%, where the ash
content indicated the level of inorganic compounds, including
light metals, heavy metals, and transition metals present in the
extract. High levels of metals in the extract can affect its safety
[13]. The results also indicated that ethanol-soluble compounds
in P. angulata L fruit extract were higher than water-soluble

Table 1. Standardization results of P. angulata L fruit extract.

compounds [20]. In general, the test results signified that P,
angulata L fruit extract fulfilled the standardization parameters,
leading to suitability for traditional medicine development.

Metabolite identification by LC-ESI-MS

A total of 16 metabolite compounds were identified
from P. angulata L fruit extract using LC-ESI-MS (Fig. 1)
according to mass accuracy and fragmentation patterns. These
compounds belonged to gallic acid derivatives, coumarin,
flavonoids, diterpenoids, sesquiterpene, and triterpene
compounds. Table 2 shows the retention time, mass, and name
of the isolated compounds. Gallic acid is found to improve
immunomodulatory activity by enhancing the phagocytic
capacity of macrophages, lysosomal volume, nitric release,
and intracellular calcium levels while downregulating MAPK-
related phagocytic signaling pathways in murine macrophages
[21]. This compound also produces therapeutic effects against
infection by disrupting intracellular signaling pathways,
inducing cytokine production, and preventing bacterial
proliferation in mouse spleens [22]. Flavonoids have potential
preventive activity against oxidative cell destruction as well as
the ability to block tumor induction, stimulation, and progression
[23]. However, a group of terpenoids known as andrographolide
and boswellic acid suppress NO and iNOS production, along
with pro-inflammatory mediators [24]. Coumarins produce
anti-inflammatory effects in lipopolysaccharide-stimulated
mouse macrophages (RAW264.7) in an in vitro edema model,
inhibiting the protein expression of nitric oxide synthase and
COX-2 [25]. Additionally, cummarins have been reported to
block several inflammatory signaling pathways [26]. Based on
the observations in this study, the immunostimulatory activity
of P. angulata L is attributed to the gallic acid and flavonoid
content.

Total phenolic content of P. angulata L fruit extract

Total phenolic content was determined through the
Folin-Ciocalteu colorimetric method and recorded as gallic
acid equivalents. The principle of this method is the oxidation
reaction of the hydroxyl group of phenolic compounds with
Folin-Ciocalteu reagent to form a blue molybdenum-tungsten
complex detectible by a spectrophotometer [27]. Based on
Table 3, the total phenolic content of P. angulata L fruit
extract was 2.895 mg/g gallic acid. A previous study stated
that the total phenolic content equivalent to gallic acid from
water and ethanol extract of P. angulata L fruit was 0.46 and

Parameter Result Standard
Moisture content 1.41% <10%
Loss on drying 0.17 <11
Total ash content 2.94 <10
Water-soluble compound content 67.33 >8.5
Ethanol-soluble compound content 75.64 >45
Density 1.02 g/ml -
10
R 4.80
117 - 7.01 8.44
183 4077 603 791, 954 1072
2.00 4.00 6.00 8.00 10.00

11.56

12.00 14.00 16.00 18.00

16.09 18.51 _
Tim

20.00 22.00

Figure 1. Chromatogram of P. angulata L fruit extract (P. angulata L) sample using UPLC-QToFMS/MS method.
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Table 2. Metabolite identification results of P. angulata L fruit extract (P. angulata L) using UPLC-QToFMS/MS method.

Retention time

Peak (minute) Mass Formula Name Ontology
1 1.17 221.03 CH, 0, Syringic acid Gallic acid and
derivatives

2 1.63 319.05 C,H,0, (2R,3R)-2-(3,4-dihydroxyphenyl)-3,5-dihydroxy-7- 7-O-methylated
methoxy-2,3-dihydrochromen-4-one flavonoids

3 4.07 393.22 C,H.,0, 3-(acetyloxymethyl)-5-(2-formyl-4-hydroxy-5,5,8a- Diterpenoids
trimethyl-1,4,4a,6,7,8-hexahydronaphthalen-1-yl)pent-2-
enoic acid

4 4.79 1098.49 C,H,0, 2,5-bis(4-hydroxy-3-methoxyphenyl)- Lignan glycosides
3,4-dimethyloxolan-3-ol [IIN-based on:
CCMSLIB00000847949]

5 6.03 681.30 C,H,,CIN,O, Chondramide B Dipeptides

6 7.01 234.21 C,H, NO, Mimosamycin Isoquinoline quinones

7 7.91 504.29 C,H, NO, 4-Methylaconitane-1,8,14,16-tetrol, Aconitane-type
(lalpha,14alpha,16beta)-form, O16-Me, N-Et, tri-Ac diterpenoid alkaloids

8 8.44 421.22 C,H,,0, NCGCO00381146-01!2-[5-[2-[2-[5-(2-0oxopropyl)oxolan-  Dicarboxylic acids
2-yl]propanoyloxy]butyl]oxolan-2-yl]propanoic acid and derivatives
[IIN-based on: CCMSLIB00000845801]

9 9.54 471.37 C,H,0, 18 alpha-glycyrrhetinic acid Triterpenoids

10 10.72 335.22 C,,H,,0, Lapidin Sesquiterpenoids

11 11.56 289.19 CH 0, (2S,35)-3,5,7-trihydroxy-2-(4-hydroxyphenyl)-2,3- Flavanonols
dihydrochromen-4-one

12 12.75 673.34 C,H,0, (3S,4S,6aR,6bS,8R,8aR,12aS,14bR)-8-hydroxy- Triterpenoids
4,6a,6b,11,11,14b-hexamethyl-3-[(2S,3R,4S,5R)-3,4,5-
trihydroxyoxan-2-ylJoxy-1,2,3,4a,5,6,7,8,9,10,12,12a,14,
14a-tetradecahydropicene-4,8a-dicarboxylic acid

13 13.56 219.18 C,H,,0 Muurolladie-3-One Sesquiterpenoids

14 14.13 724.41 C, H, 0 [5-hydroxy-2-[4-hydroxy-2,5-bis(hydroxymethyl)- Saccharolipids
3-(2-methylpropanoyloxy)oxolan-2-yl]oxy-4-(2-
methylpropanoyloxy)-6-(2-methylpropanoyloxymethyl)
oxan-3-yl] decanoate

15 16.09 931.56 C,H.,0,, vina-ginsenoside R3 Triterpenoids

16 18.51 419.31 C,H,,0, hexadecyl (E)-3-(4-hydroxy-3-methoxyphenyl)prop-2- Coumaric acids and

enoate

derivatives

Table 3. Total phenolic content of P angulata L fruit extract.

Absorbance (560 Total phenolic content (mg/

Replication nm) GAE)
I 0.33 2.88
1I 0.33 2.89
I 0.34 2.92
Mean 2.89

0.51 mg/G, respectively [11]. Meanwhile, de Oliveira et al.
[28] reported the total phenolic content for water-soluble and
water-insoluble fractions of ripe P. angulata L fruit to be 749.10
and 3847.72 mg/100 g of extract, respectively [28]. Iwansyah
et al. [29] estimated the total phenolic content of P. angulata
L fruit juice as 18.74 mg GAE/L [29]. The difference in total
phenolic content is influenced by the polarity of the solvent
used for extraction and the non-specific characteristics of the

folin ciocalteu reagent, which can be easily reduced by non-
flavonoid compounds [30]. A literature study showed that
phenolic acid content of P. angulata L fruit decrease during
the ripening process due to being used as an energy source in
plant respiration and a carbon source in the synthesis of sugars

alongside other compounds [31].

Immunostimulatory effect in Male Wistar rats

The immunostimulatory effect in male Wistar rats
was determined using leukocyte, lymphocyte, monocyte, and
granulocyte counts. The measurement results showed that rats
induced with 300 mg/70 kg BW P. angulata L fruit extract had
increased leukocyte counts, compared to the negative control,
gallic acid, and positive control (Fig. 2). Leukocytes are white
blood cells essential to the immune system and capable of
protecting the body against infection. Foreign materials that
enter the body are surrounded, ingested, and eliminated by

leucocytes [32].
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Figure 2. Immunostimulatory activity of P. angulata L fruit extract with parameters of (A) leukocytes (B)
lymphocytes (C) monocytes (D) granulocytes. NC = Negative control; GA = Gallic Acid; PAE = Physalis

angulata Extract; PC = Positive Control.

Parameters of lymphocytes and granulocytes were
found to present similar patterns in this study. Lymphocytes
are a type of leukocytes that contribute to the immune response
and antibody production. These comprise 20%—40% of all
leukocytes in an adult individual and play an important role in
the immune system due to being cells that define the features
of the immune response to pathogenic bacteria alongside other
foreign substances. Meanwhile, granulocytes, with types mainly
including neutrophils, eosinophils, and basophils, are a sub-
group of leukocytes containing granules that release enzymes
when the immune system is attacked due to infection, allergy,
or asthma [33].

The experimental animals treated with P. angulata L
extract showed the same amounts of monocytes as the positive
control group. Monocytes are circulating immune cells in the
mononuclear phagocytic system that become macrophages
when migrating in tissues [34]. In adult humans, monocytes
are derived from precursor cells driven by the cytokine M-CSF
(Monocyte/Macrophage-Colony ~ Stimulating Factor) into
the bone marrow. These precursors mature into monocytes
then enter the circulation and migrate into tissues to form
macrophages. Monocytes are phagocytic, recruited rapidly at

sites of infection or tissue injury, and capable of producing
inflammatory mediators [35]. Leukocyte, lymphocyte,
monocyte, and granulocyte counts in male Wistar rats can all be
elevated by P. angulata L fruit extract induction.

Viability test

The viability test results showed that 500 ppm of P
angulata L extract was not harmful to RAW 264.7 cells (Fig.
3). At 250 ppm, 125 ppm, and 62.5 ppm concentrations, the
maximum survival rate was observed. All concentrations led to
a total survival rate greater than 100%, suggesting P. angulata
L fruit extract as non-cytotoxic.

Nitric oxide test

The test conducted showed that P. angulata L fruit
extract triggered RAW 264.7 cells to produce higher NO
compared to the control in a concentration-dependent manner
(Fig. 4). NO is a harmful chemical produced by cells to
facilitate the destruction of pathogenic bacteria and tumors as
well as mediate biological reactions [19]. The effectiveness
of P. angulata L fruit extract in eradicating harmful germs
was signified by the elevation in NO levels. These results
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Figure 3. Effect of P. angulata L fruit extract on RAW 264.7 cell viability.
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Figure 4. Effect of P. angulata L fruit extract on NO levels of RAW 264.7 cells.

showed that P. angulata L fruit extract had immunostimulatory
effects against macrophages. These also correlate with the
characteristics of activated macrophage cells that can secrete
several types of mediators including ROS, NO, and cytokines
to protect the body from infection.

CONCLUSION

In conclusion, this study identified that P. angulata L
fruit extract contained sesquiterpenes, triterpenes, coumarins,
flavonoids, and derivatives of gallic acid. Physalis angulata L
fruit extract had a total phenolic content of 2.895 mg/GAE. The
increase of leukocyte, lymphocyte, monocyte, and granulocyte
counts in the Wistar rats signified in vivo immunostimulant
activity. Meanwhile, in vitro immunostimulatory effect was

shown by lower toxicity to macrophages and enhanced NO
generation from control cells.
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