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Background: Several studies have shown anti-inflammatory, anti-microbial, antifungal, and

antioxidant effects from Citrus limon–peel essential oil (Cl-PEO). Cl-PEO can be developed

as topical drugs for oral ulceration because of its potential active components. There have

been no studies on the topical application of Cl-PEO inducing type IV hypersensitivity

reaction.

Purpose: To investigate the potential of Cl-PEO from Batu City to induce type IV

hypersensitivity reactions based on clinical changes, lymphocytes, macrophages, IFNγ,

andIL10 expression.

Methods: This study was adapted from a guinea pig maximization-test method in Indonesia

and the guidance of ISO 10,993-10:2010, and conducted on 20 guinea pigs (Cavia cobaya)

divided into a control group and a treatment group. The treatment group was given Cl-PEO

and the control group CMC-Na. Clinical changes were observed, then tissue specimens taken

for hematoxylin–eosin and immunohistochemistry staining.

Results: There were no clinical changes after exposure. Lymphocyte and macrophage

numbers and IFNγ and IL10 expression increased in the treatment group compared to the

control group (p=0).

Conclusion: Cl-PEO can induce type IV hypersensitivity reactions in guinea pigs based on

cellular and molecular cytokines, but there are no clinical changes after topical application.

Keywords: Citrus limon, essential oil, type IV hypersensitivity, macrophages, lymphocytes,

interferon gamma, interleukin 10

Introduction
Lemon (Citrus limon) is one of the plants that is very useful for health and comes

from Southeast Asia, with its tropical and subtropical climates.1 One of the places

for lemonade plantations in Indonesia is Batu City, East Java Province, located in

an active volcanic area, such as Bromo, Tengger, and Semeru, which make land in

this area fertile. Batu is located on a plateau, so it has low temperatures and high

humidity. Such climate conditions are very suitable for agricultural development,

especially horticulture.2

C. limon is one of the many herbal ingredients that have been studied for use

in alternative medicine, including in Indonesia, and has been widely tested for

antibacterial, antifungal, anti-inflammatory, antiviral, antiseptic, anticancer, anti-

diabetes, and wound-healing properties.3–6 C. limon peel (CI-P) contains 6%

essential oil (EO). These EOs contain bioactive compounds, such as limonene, up

to 64%–90%, which are believed to have anti-inflammatory activity and low

toxicity.1,5,7–10
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According to the World Health Organization (WHO),

plants are the best source for various types of drugs. The

WHO estimates that around 3–4 billion people use herbal

medicine and as many as 80% of individuals from devel-

oping countries use traditional medicines with basic ingre-

dients from plants. Therefore, various types of plants are

examined to investigate their usefulness, safety, and effi-

ciency. Every material to be used as medicine must go

through the biocompatibility-test phase to assess whether

the material causes detrimental effects on the body.11–13

One of the biocompatibility tests as per the US Food

and Drug Administration (FDA) and International

Organization for Standardization (ISO) that can be done

is to assess the safety level of a material applied topically.

This is a sensitization test that looks at the potential of the

material to cause type IV hypersensitivity reactions. The

sensitization test recommended by the FDA and ISO for

research is the guinea pig maximization test using

Freund’s complete adjuvant. Cl-PEO has shown the ability

to inhibit fungal growth, eg, that of Candida albicans, and

increasehealing of oral ulcers,14,15 but the potential to

induce hypersensitivity has not been observed. There

have been no studies done on the topical use of Cl-PEO

effecting type IV hypersensitivity reactions by observing

the clinical changes and expression of cytokines involved.

The aims of this research were to investigate the poten-

tial of Cl-PEO to induce type IV hypersensitivity reac-

tions. Type IV reactions depend on the interaction of

antigens with T lymphocytes, called delayed-type hyper-

sensitivity. IFNγ is one of the cytokines that play a role at

the beginning of the type IV hypersensitivity process, and

involves macrophages and lymphocytes as indicators of

erythema and edema. Analysis of the potential of Cl-PEO

to cause type IV hypersensitivity reactions is based on

clinical changes, such as erythema and edema, then further

alteration in the number of macrophages and lymphocytes

by hematoxylin–eosin staining and IFNγ and IL10 expres-

sion by immunohistochemistry staining.12,16

Methods
This study was performed in strict accordance with the

Guide for the Care and Use of Laboratory Animals, and

the National Health Research and Development Ethics

Standards and Guidelines Council (2017), Ministry of

Health, Republic of Indonesia. Ethical clearance was

obtained by the Universitas Airlangga Faculty of Dental

Medicine from the Health Research Ethical Clearance

Commission ((022/HRECC.FODM/III/2018).

Citrus limon Peel Essential Oil
The C. limon was bought at Balai Penelitian Tanaman

Jeruk dan Buah SubtropikaBatu. EO was extracted from

its peel using steam distillation at the Biochemistry

Laboratory, Faculty of Science and Technology,

Universitas Airlangga. Five kilograms C. limon peel was

washed and put in a distillation flask, transferred to an

Erlenmeyer flask to separate the EO (300 mL) and water

(70 mL). Steam distillation was done for 10 hours. The of

distillation then had n-hexane (100 mL) solvent added

through a separating funnel to extract the EO in the dis-

tillation mixture, the water removed, then put in a rotary

vapor and heated at 50°C until the hexane had

evaporated completely. The final volume of Cl-CEO

obtained was 270 mL. The Cl-PEO was obtained at

a concentration of 100%, then diluted using 3% carbox-

ymethyl cellulose–sodium (CMC-Na) powder until

concentrations reached 1.56%, 0.78%, and 0.39%.

Component Analysis of Cl-PEO
To find out the compounds contained in Cl-PEO used in

this study, gas chromatography–mass spectrometry (GC-

MS) was performed at the Faculty of Pharmacy, Airlangga

University. Cl-PEO was analyzed after being extracted

twice with dichloromethane (pure analysis; Merck)The

0.4 μL obtained was then analyzed using GC-MS model

6890N equipped with an inert MSD 5973 MS detector

(Agilent Technologies, Santa Clara, CA, USA). A HP-

5MS UI column detector (polyethylene glycol, 30 m ×

0.25 mm, 0.25 μm; J&W Scientific). The temperature of

the injector was 230°C. The carrier gas was helium at

a constant flow rate of 1 mL/min. The initial oven tem-

perature of the column was raised from 40° to 300°C at

10°C/min, then maintained for 4 minutes at 300°C. The

MS-detector conditions were a capillary direct–interface

temperature of 270°C, MS source temperature 230°C, and

MS quad temperature 150°C. Identification of the indivi-

dual constituents was based on comparison of mass spectra

and retention-time indices of authentic reference com-

pounds stored in the NIST17 MS data library.

Type IV Hypersensitivity Model
This research used healthy young (2–3 months), maleadult

guinea pigs (Cavia cobaya) weighting 300–500 g that had

been acclimated for 2 weeks and were placed individually

in single cages. Cl-PEO testing was done in two phases:

called preliminary and main tests. The preliminary test
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was done with injected Cl-PEO to determine challenge and

induction doses. The main test was done with applied

topical Cl-PEO (Figure 1). Twenty C. cobaya were divided

into treatment and control groups based on the minimum

number of samples according to the of ISO guidance

10,993-10:2010for in vivo non-clinical toxicity testing.

At 24 hours before intradermal induction, the intrascapular

region was shaved, then an injection of Freund’s complete

adjuvant was made on point C bilaterally. There were three

points injected, shown in Figure 2A.

Seven days later, points A, B, and C had physiological

solution (NaCl) and CMC 3% (control group) and Cl-PEO

1.56% (treatment group) applied topically, then covered with

occlusive dressing and elastic bandage for 24 hours

(Figure 1). Fourteen days later (21 days after injection of

points A, B, and C), the challenge stage was carried out on

point D (Figure 2B) with topically applied Cl-PEO 0.78%

(treatment group), and physiological solution (NaCl) and

CMC 3% (control group), then covered with occlusive

dressings and elastic bandages. After 24 hours, occlusive

dressings and elastic bandages were opened, then observed

for 72 hours. After 72 hours, skin tissue at point D was

biopsied. Histopathology examination was carried out to

analyze the number of macrophages and lymphocytes with

hematoxylin (CI 75,290; Merck, Germany) and eosin

staining (C.I. 45,380, Merck, Germany). The immunohisto-

chemistry was carried out to analyze IFNγ (purified anti-

mouse IFNγ antibody; BioLegend, San Diego, CA, USA)

Figure 1 The diagram of Cl-PEO test in animal.

Figure 2 Type IV hypersensitivity model induced FCA in intrascapular region. (A)

Point (AC) in main test. (B) applied topically Cl-PEO 0.78% (treatment group) and

physiological solution (NaCl) and CMC 3% (control group) in point (D).
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and IL10 (purified antihuman IL10 antibody; BioLegend)

expression. All analysis used light microscopy with 400×

magnification.

Statistical Analysis
Data are expressed asmean ± SD for eachmeasurement. Data

were then analyzed using independent t-tests (SPSS 24.0 for

Windows) to determine significant differences (p<0.05).

Results
Taxonomic Tests
Taxonomic tests were carried out on lemons at the

Biochemistry Laboratory, Faculty of Science and

Technology, Universitas Airlangga as the first step before

all other tests were performed.

Gas Chromatography–Mass

Spectrometry
On GC-MS testing, 24 components were identified in

Cl-PEO (Table 1). The dominant component was

D-limonene (75.02%), followed by linalool (5.63%),

citral A (4.41%), citral B (3.68%), and limonene

oxide (0.94%), and 19 other components with concen-

trations <1% (Table 1).

Clinical Features
Clinical intrascapular assessment of the in both groups at

point D assessed using the Magnusson–Kligman test after

21 days showed normal features. After topical application

of Cl-PEO 0.78%, point D showed no form of erythema or

edema, indicators of type IV hypersensitivity reactions, at

48 and 72 hours.

Number of Lymphocytes and

Macrophages
Lymphocyte numbers in the control group (9.80±2.25,

Figure 3A) were lower than the treatment group (16.1

±3.90, Figure 3B). Macrophages numbers in the control

group (10.5±1.84, Figure 4A) were lower than the treatment

Table 1 Components Analysis of Citrus limon Using GC-MS

No RT Name of Component %

Area

1 4.63 6-methyl-5-hepten-2-one 0.67

2 6.02 d-limonene 75.02

3 6.83 Linalool oxide 0.39

4 7.18 Trans-linalool oxide 0.38

5 7.68 Linalool 5.63

6 7.93 1,5-dimethylbicyclo[3,2,1]octane 0.37

7 8.08 Cis-limonene oxide 0.57

8 8.19 Trans-limonene oxide 0.94

9 9.22 2,4,6-Trimethyl-1,3,6-heptatriene 0.79

10 9.50 Decanal 0.28

11 10.12 z-citral 3.68

12 10.63 e-citral 4.41

13 12.21 Geranyl acetate 0.33

14 12.60 Isolavandulal 0.82

15 12.82 α-bergamotene 0.38

16 13.76 β-bisabolene 0.63

17 15.39 2,7-dimethyl-2,6-octadiene 0.24

18 20.76 2,3-dihydro-benz[d]-1,3-isothiazol-2-one 0.12

19 20.87 6-hydroxy-2,7,7-trimethylcyclohept-2-enone 1.11

20 21.01 (z)-4-(1,5,9-trimethyl-4,8-decadienyl)-

3-cyclohexen-1-one

0.44

21 21.40 Trans-2-methyl-2(4-methyl-3-pentenyl)-

cyclopropanecarboxaldehyde

0.23

22 36.80 Ethyl 1-(2ʹ-2ʹ-dimethoxyethyl)-5-methoxy-

2-methyl-1H-Benz(g) indole-3-carboxylate

0.43

23 40.23 t-butyldimethyl-(12-methyleicocyloxy)silane 0.50

24 41.93 1,3-Dipalmitin trimethylsilyl ether 1.67

Figure 3 Number of lymphocytes using hematoxylin-eosin staining. (A) control group; (B) treatment group (observed using a light microscope with 400x magnification).
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group (16.2±1.81, Figure 4B). The number of cells in the

treatment group (Figures 3B and 4B) was higher than the

control group (Figures 3A and 4A). There were significant

differences among lymphocytes and macrophages between

the control and treatment groups (Table 2).

IFNγ Expression
IFNγ expression appears as a blackish-brown image in

macrophage cells. IFNγ expression in the control group

(3.40±0.69, Figure 5A) was significantly lower than the

treatment group (8.50±1.36, p=0, Figure 5B).

IL10 Expression
IL10 expression also appears as a blackish-brown image in

macrophage cells. IL10 expression in the control group

(9.60±1.65, Figure 6A) was lower than the treatment

group (20.40±4.40, p=0, Figure 6B). There were signifi-

cant differences in IFNγ and IL10 expression between the

control and treatment groups (Table 2).

Discussion
C. limon is part of the Rutaceae family. EOs in lemon are

obtained from the outer portion of the skin.17 It has been

shown in various studies that EOs of lemon peel have anti-

microbial, anti-inflammatory, and antifungal effects.5,6,14,18,19

Although the EOs of lemon peel come from plants and are

considered a natural ingredient, a common misunderstanding

is that the product is truly safe. Some unwanted reactions from

this oil that occur on the skin have been reported, especially

when this oil has been used often.13,20,21

In this research, the highest bioactive-compound concen-

tration in Cl-PEO was D-limonene (75.02%), followed by

linalool (5.63%), citral A (4.41%), citral B (3.68%), and limo-

nene oxide (0.94%). These concentrations maydifferamong

lemons. Variations in composition andconcentration of consti-

tuent chemical compounds, both qualitatively and quantita-

tively, are caused by intrinsic and extrinsic factors. Intrinsic

factors are related to such variables as time of planting and

fertilization, interactions with the environment, including the

type of soil and climatic conditions, maturity, and harvest time

of the plant. Extrinsic factors are related to extractionmethods,

environment, duration of extraction procedures, storage meth-

ods, and dehydration procedures.21

D-limonene, the main component, had an important role

in this research. D-limonene is a chemicals from the terpene

class contained in most cosmetics and detergents sold

throughout the world. In its unoxidized form, this substance

has been reported to be a weak allergen. However, when

contaminated with free air, this substance will auto-oxidize,

making it highly allergenic.22 In various studies, it has been

shown that D-Limonene, citral, and linalool have greater

effect in individuals with dermatitis or a history of allergies

such that they can cause type IV hypersensitivity reactions.23

Type IV hypersensitivity occurs in two phases: the sensi-

tization phase involving activation of innate immunity, and

the elicitationphase in the form of adaptive immunoactivity.

In the sensitization phase, allergens will be recognized and

Figure 4 Number of macrophages using hematoxylin-eosin staining. (A) control group; (B) treatment group (observed using a light microscope with 400x magnification).

Table 2 Mean and Standard Deviation and Significant Level

Control

Group

Treatment

Group

Significant

Level

lymphocytes 9.80±2.25 16.1±3.90 0.000

macrophages 10.5±1.84 16.2±1.81 0.000

IFN-ɣ

expression

9.60±1.65 20.40±4.40 0.000

IL-10

expression

3.40±0.69 8.50±1.36 0.000
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phagocytosed by dendritic cells, which act as antigen-

presenting cells. Dendritic cells that carry allergens migrate

to regional lymph nodes and cause recruitment of specific

T cells into the bloodstream and sensitization processes. At

this stage, specific T cells will become memory T cells that

will be sensitive to subsequent exposure to the antigen. The

sensitization phase usually lasts 1–2 weeks after antigen

exposure.24 In the next phase (elicitation), dendritic cells

phagocytose allergens, process these allergens, and present

them on the surface of major histocompatibility–complex

class II molecules, and will then be introduced to T-helper

cells. These cells will produce IFNγ, which will activate

more macrophages. Macrophages will also produce proin-

flammatory cytokines, such as IL1, IL6, and TNF-α, which

trigger the manifestation of type IV hypersensitivity reac-

tions in skin exposed to antigens, namely erythema and

edema. Therefore, macrophages, lymphocytes, and IFNγ

were selected as the main indicators in this study.25,26

In this study, the application of Cl-PEO led to numbers of

lymphocytes and macrophages and IFNγ expression increas-

ing. In the elicitation phase of hypersensitivity,

increased numbers of lymphocytes and macrophages, and

higher expression of IFNγ cytokines will manifest in such

clinical signs as edema and erythema. However, we observed

no signs of inflammationin C. cobaya after application of Cl-

PEO. This was probably due to the activity of proinflamma-

tory cytokines being inhibited well by anti-inflammatory

cytokine activity, in this case IL10.

An interesting result of this study was that examination

of the expression ofthe anti-inflammatory cytokine IL10

showed a significant increase. The increase in the number

of macrophages here not only functioned in the proinflam-

matory process but also in the anti-inflammatory process

by producing IL10. In previous studies, it has been found

that D-limonene and linalool induces macrophages to pro-

duce even more IL10.27,28 Limonene can increase the

Figure 5 IFN-ɣ expression in macrophages (black arrow). (A) control group; (B) treatment group (observed using a light microscope with 400x magnification).

Figure 6 IL-10 expression in macrophages (black arrow). (A) control group; (B) treatment group (observed using a light microscope with 400x magnification).
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amount of Treg cells in tissue, which function to modulate

both proinflammatory and anti-inflammatory cytokines.

Treg can induce monocyte differentiation into the M2-

macrophage phenotype (anti-inflammatory) and inhibit

induction of the M1 phenotype (proinflammatory) such

that the inflammatory process can be stopped. Linalool

can induce macrophages to produce IL10.29

It can be concluded that even though Cl-PEO was able to

induce type IV hypersensitivity reactions in guinea pigs, based

on cellular and molecular cytokines, there were no clinical

feature changes after topical application. Cellular and mole-

cular cytokines in a hypersensitivity reaction, with

increased lymphocyte and macrophage numbers and IFNγ,
can be suppressed by the activation of the mainly anti-

inflammatory cytokine IL10. This is the reason no change

clinical examination after topical application both erythema

and edema which usually occurs in type IV hypersensitivity

reactions.
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