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ABSTRACT: Zingiber officinale and Citrus limon, well known as ginger and lemon, are two vegetals widely used in traditional
medicine and the culinary field. The juices of the two vegetals were evaluated based on their inflammation, both in vivo and in vitro.
High-performance liquid chromatography (HPLC) was used to characterize different juices from Zingiber officinale Roscoe and
Citrus limon. After the application of the HPLC method, different compounds were identified, such as 6-gingerol and 6-gingediol
from the ginger juice and isorhamnetin and hesperidin from the lemon juice. In addition, the two juices and their formulation were
assessed for their anti-inflammatory activity, in vitro by utilizing the BSA denaturation test, in vivo using the carrageenan-induced
inflammation test, and the vascular permeability test. Important and statistically significant anti-inflammatory activities were
observed for all juices, especially the formulation. The results of our work showed clearly that the Zingiber officinale and Citrus limon
juices protect in vivo the development of the rat paw edema, especially the formulation F composed of the Zingiber officinale and
Citrus limon juices, which shows an anti-inflammatory activity equal to —35.95% and —44.05% using 10 and 20 mg/kg of the dose,
respectively. Our work also showed that the formulation was the most effective tested extract since it inhibits the vascular
permeability by —37% and —44% at the doses of 200 and 400 mg/kg, respectively, and in vitro via the inhibition of the denaturation
of BSA by giving a synergetic effect with the highest ICs, equal to 684.61 + 7.62 ug/mL corresponding to the formulation F. This
work aims to develop nutraceutical preparations in the future and furnishes the support for a new investigation into the activities of

the various compounds found in Zingiber officinale Roscoe and Citrus limon.

1. INTRODUCTION tissue damage. The origin of infection may be infectious such
Inflammation is a complicated physiological and pathological as viruses, bacteria, or other microorganisms or non-infectious
process. Inflammation is generally an adaptive response such as frostbite, physical injury, burn, ionizing radiation,
resulting from dangerous stimuli and conditions (which toxins, alcohol, chemical irritants, or excitement. In reply to
include contamination and tissue damage) to maintain the tissue injury, the framework initiates a chemical signaling

framework of homeostasis. Inflammation may be divided into
acute infection and persistent infection. The acute infection is
best short-lived and is usually beneficial to the host. However,
if the infection persists for an extended period, it becomes
persistent. It might contribute to many persistent diseases,
including arthritis; diabetes obesity; pancreatitis; neuro-
degenerative, 1cardiovascular, and metabolic diseases; and
some cancers.

Numerous pathogenic factors, along with tissue injury,
cardiac infarction, or infection, can result in infection inflicting

cascade that stimulates responses toward recovering touched
tissues. These alerts set off leukocyte chemotaxis from the
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overall flow to damaged locations. These operated leukocytes
fabricate cytokines that result in inflammatory responses.

Over the past decades, pharmaceutical research has
deciphered the chemical composition of the properties of
many medicinal plants. The pharmaceutical industry has
succeeded in chemically reproducing many of their compo-
nents and in discovering new combinations for the benefit of
patients and the protection of natural resources.’

Potent anti-inflammatory molecules could represent treat-
ments for many health problems. Thus, polyphenols of
botanical sources have demonstrated an anti-inflammatory
power in vitro and in vivo, featuring their beneficial role as
therapeutic mechanisms in numerous acute and chronic
maladies.” Consequently, numerous epidemiological and
experimental studies have investigated dietary poly};henols’
anti-inflammatory and immune-modulating activities.”

Ginger is a herbal compound with the first-rate ability for
sickness treatment. A massive range of research has proved that
ginger has many organic capacities, including anti-inflamma-
tory impact, which is a notable characteristic. Inflammation is a
complicated and extensive physiological and pathological
process.” The chemical composition of ginger has been widely
studied since”"" all of the studies were able to determine the
chemical composition of Zingiber officinale, and all found that
Zingiber officinale was composed of a wide range of molecules,
where 6-gingerol was the main compound, accompanied by
several other bioactive compounds such as 4-gingerol and 8-
gingerol.

Citrus limon fruits carry high proportions of molecules that
have health benefits, including polyphenols, tocopherols,
carotenoids, and ascorbic acid.'”” They have a significant
value in traditional medicine and making edible products'” as
they present several biological effects, such as antioxidant, anti-
cancer, antimicrobial, and anti-inflammatory activities.'*
Consumption of fresh citrus fruits or their juices seems to be
correlated with ameliorated blood lipid profiles, survival in the
elderly, lower risk of cancers, decreased blood pressure,
diminished risk of heart maladies’ occurrence, and treatment
of obesity.">Citrus limon fruits also have anti-allergic properties
due to their richness in hesperidin and quercetin, which are
inhibitors of histamine, a neurotransmitter implicated in
allergic and inflammatory reactions.'® The anti-cancer activity
of flavonoids can occur through two effects according to ref 17.

This article aims to study Zingiber officinale and Citrus limon
juices, especially the formulation composed of the ginger and
lemon juices for their anti-inflammatory capacity, because of
their biological agents and phenolic molecules, which were
recognized by the HPLC method.

2. MATERIALS AND METHODS

2.1. Plant Material. 2.1.1. Ginger (Zingiber officinale
Roscoe). The Zingiber officinale rhizomes were acquired from a
herbalist from the town of Oujda, washed with distilled water
to eliminate any impurity, and then authenticated by Pr.
Mohammed Fennane of the Scientific Institute of Rabat. A
reference voucher specimen was placed in the Sciences
Faculty’s herbarium of the Mohamed First University
(Oujda, Morocco) with the reference number (HUMPOM-
352).

2.1.2. Lemon (Citrus limon L.). The Citrus limon culture was
obtained from the market of the metropolis of Oujda, nicely
washed, and then authenticated by Pr. Mohammed Fennane of
the medical institute of Rabat. A voucher specimen wide

variety was placed in the Sciences Faculty’s herbarium of the
Mohamed First University (Oujda, Morocco) with the
reference wide variety (HUMPOM-450).

2.2. Juice Extraction and Formulation Preparation.
2.2.1. Ginger Juice Extraction. The ginger rhizomes (500 g)
were minced into minor pieces and then ground in a blender to
extract maximum juice from the ginger, all under ambient
conditions. After this, the resulting juice (G.J.) was filtered,
concentrated using a rotary vacuum evaporator, and then dried
and stored at —20 °C until needed. The extraction yield was
2.3% (w/w).

2.2.2. Lemon Juice Extraction. 500 g of the lemon was
washed and then cut into smaller pieces and cold ground for
1—2 min until lemon juice was obtained. After filtering through
a filter paper, the lemon juice (L.J.) was concentrated through
a rotary evaporator and stored at —20 °C until needed. The
extraction yield was 2% (w/w).

2.2.3. Formulation of Ginger and Lemon Juices. The
formulation of Zingiber officinale juice and Citrus limon juice
(F) tested was composed of two juices: ginger and lemon
juices. The formulation consisted of 50% ginger juice (G.J.)
and 50% lemon juice (L.J.). This exact formulation was due to
the mixture of ginger and lemon juices and also due to studies
previously done on the formulation containing Zingiber
officinale and Citrus limon with different biological effects.”” >

2.3. Chemicals. Methanol, acetonitrile, formic acid, Folin—
Ciocalteu, gallic acid, quercetin, phosphate (Na;PO,), sodium
carbonate (Na,CO,;), aluminum chloride (AICl;), sodium
hydroxide (NaOH), sodium nitrate (NaNO,), sodium
phosphate dibasic (Na,HPO,), sodium phosphate monobasic
(NaH,PO,), carrageenan, indomethacin, B.S.A., Evans blue,
and acetic acid were all bought from Sigma Chemical Co.
(Taufkirchen, Germany).

2.4. Determination of Bioactive Compounds in
Zingiber officinale and Citrus limon Juices. 2.4.1. Deter-
mination of Total Phenols. The total polyphenol amounts of
Zingiber officinale and Citrus limon juices were determined
using the marginally changed Folin—Ciocalteu colorimetric
method.”” 1 mL of Folin—Ciocalteu reagent was mixed with
0.2 mL of every extract concentration. After S min of
incubation at room temperature, 0.8 mL of the aqueous
sodium carbonate solution (7.5%) was added to the mixture.
Then, the samples were vortexed and incubated in the dark for
1 h. The absorbances were recorded afterward at 760 nm
against a blank solution containing 0.2 mL of distilled water, 1
mL of Folin—Ciocalteu reagent, and 0.8 mL of the aqueous
sodium carbonate solution (7.5%). Gallic acid was used to
acquire a calibration line. The number of general polyphenols
was expressed as mg gallic acid/g plant extract of the gallic acid
equivalents. All measurements were performed in triplicate.

2.4.2. Determination of Flavonoids. The flavonoid content
was determined spectrophotometrically in line with that of
Chen et al.”’ with a few modifications and using a technique
primarily based on forming a flavonoid-aluminum complex
with an absorption maximum at 430 nm. To 0.2 mL of every
extract (0.5 mg/mL), SO uL of sodium nitrate (NaNO;, 5% w/
v) and 1 mL of bidistilled water were added, and after 6 min,
120 uL of aluminum chloride (AICl;, 10% w/v) was added.
After S min, the reaction mixture was basified with 400 uL of
NaOH (1 M). The absorbances were recorded at 430 nm
toward a blank solution containing S0 L of NaNO; (5%), 0.2
mL of bidistilled water, and 120 uL of AICl; (10%)]; quercetin
was used to determine a calibration line, and the flavonoid
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content material was expressed as mg quercetin/g plant extract
of the quercetin equivalents. Three replicates were taken for
every pattern tested.

2.4.3. HPLC Chromatography of Zingiber officinale and
Citrus limon Juices. The qualitative evaluation of phenolic
compounds found in Zingiber officinale and Citrus limon juices
was performed using a high-overall performance liquid
chromatography (HPLC) system (Waters Alliance 2695
system, Milford, MA, USA) using standards, such as 4-
gingerol, 6-gingerol, 6-gingediol, eriodictyol, rutin, hesperidin,
and isorhamnetin.

HPLC of the two juices was done in previous work.”"

Indeed, the chromatographic separation was done on a
reversed section C18 column (250 X 4.6 mm, S um pore size).

The mobile phase was composed of solvent A: water-formic
acid (90:10 (v/v)) and solvent B: water, methanol, and
acetonitrile (40:50:10 (v/v)).

The phenolic molecules were eluted with the use of the
subsequent gradient:

e 0 min: 88% A + 12% B;

e 20 min: 70% A + 30% B;
e 30 min: 0% A + 100% B;
® 45 min: 88% A + 12% B.

The eluent flow was 1 mL/min with the drift charge turned
into same to at least 1 mL/min with the administered quantity
at 20 uL. All studies were carried out at room temperature.
Standard and extract solutions ofZingiber officinaleandCitrus
limon(G.J., L.J., and F) were liquefied in methanol and filtered
via a millipore membrane (0.45 pm).

2.5. Study of the Anti-Inflammatory Activity of
Ginger and Lemon Juices. 2.5.1. Effects of Ginger and
Lemon Juices on the Inhibition of Heat-Induced Denatura-
tion of Bovine Serum Albumin (BSA). The effect of ginger and
lemon juices on the denaturation of BSA induced by high
temperature was studied utilizing the method described by
with some modifications. BSA (1% w/v) was prepared in
phosphate buffer solution (PBS, pH = 6.4), and PBS was
utilized as a reference. The reaction mixes were stored at 37 °C
for 20 min; the temperature was intensified to keep the test
tubes at 70 °C for 5 min. After refrigerating, turbidity was
quantified at 660 nm utilizing a UV—vis spectrophotometer
(Shimadzu Double Beam UV-2600, Japan). 100% of protein
denaturation was designated as the reference. The percent of
stopping the BSA denaturation was calculated using the
following relationship:

percentage inhibition of BSA denaturation (%)

A2
= 100)((1 - —)
Al

where Al represents the optical density of the reference and
A2 is the optical density of the sample.

2.5.2. Effects of Ginger and Lemon Juices on the
Inhibition of Carrageenan-Induced Edema of the Rat Paw.
2.5.2.1. Animal Grouping and Treatment. The effect of
ginger and lemon juices on carrageenan-induced inflammation
was determined following the method reported by Winter et al.
with slight adjustments.”

Wistar rats (200 to 250 g) raised at the Faculty of Sciences
of Oujda’s animal house were utilized. The anti-inflammatory
potential was evaluated utilizing the carrageenan-induced rat

paw edema test. Animals were fractionated into 12 groups of 6
rats each.

Each extract is liquefied in sterile bidistilled water and
administered intraperitoneally at numerous doses, and then the
right hind paw was put in carrageenan solution (1%, w/v).

e Group I: The control group was given carrageenan (1%,
w/v) in saline solution under the right hind paw;

e Groups II and III: Rats received the juice of Zingiber
officinale at two doses: 10 and 20 mg/kg, respectively,
and then administered carrageenan (1%, w/v) in saline
solution under the right hind paw;

e Groups IV and V: Rats received the Citrus limon juice at
two doses: 10 and 20 mg/kg, respectively, and were then
administered carrageenan;

e Groups VI and VII: Rats received the formulation at
two doses: 10 mg/kg (50% of Zingiber officinale juice and
50% of Citrus limon juice) and 20 mg/kg (50% of
Zingiber officinale juice and S0% of Citrus limon juice),
respectively, and then administered carrageenan;

e Group VIII: Rats received indomethacin at 10 mg/kg
and were then administered carrageenan;

Linear paw circumference is computed every hour for 3 h.

Paw circumference was quantified using calipers. Calcu-
lations were taken at 0, 1, 2, and 3 h after carrageenan
administration.

2.5.2.2. Ethical Approval. The anti-inflammatory studies
were done based on the American National Institutes of
Health and accredited with the aid of the Vice Dean of the
Scientific Research of the Faculty of Sciences, University
Mohammed First, Oujda. Indeed, the Vice Dean of Scientific
Research at the Faculty of Sciences, University Mohammed
First of Oujda attested to the overall admiration of the
requirements of animal experimentation through a signed and
stamped certificate, approving that each of the animal tests has
been performed following the internationally accepted Guide
for the care and use of laboratory animals.

2.5.3. Effects of Ginger and Lemon Juices on Acetic Acid-
Induced Vascular Permeability in Mice. According to Kou et
al.* vascular permeability in mice was studied. Eight groups of
10 mice were used, with treated mice receiving a 0.2 mL
volume of 200 and 400 mg/kg of ginger and lemon juices or 50
mg/kg of indomethacin orally.

Animals in the control group were given 0.2 mL of a 0.9%
NaCl solution, while mice in other treated groups received 0.2
mL of the different extracts (ginger juice, lemon juice,
formulation, and indomethacin) orally at different doses
(200 and 400 mg/kg for ginger, lemon, and formulation and
50 mg/kg for indomethacin). After 1 h, the mice received an
intravenous injection of 10 mL/kg of a 1% Evans blue solution,
followed by an intraperitoneal injection of 10 mL/kg of 0.7%
acetic acid. Thirty minutes later, the animals were anesthetized
by ether after washing the peritoneal cavity with 3 mL of a
saline solution of NaCl (9 %o). The exudate was assembled
and centrifuged. The optical density of the supernatant was
calculated at 610 nm besides a 0.9% NaCl solution as a blank.
The percent of inhibition of vascular permeability is calculated
based on the formula:

percentage of inhibition of vascular permeability (%)

control — treated
=100 X| —mM8M8M8M8M8 ™

control
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3. RESULTS

3.1. Determination of Biomolecules in Zingiber
officinale and Citrus limon Juices. 3.1.1. Determination
of Total Phenols. The whole polyphenol content material of
the juices of Zingiber officinale and Citrus limon was determined
using the Folin—Ciocalteu method; this method confirmed
that Zingiber officinale and Citrus limon juices contain an
important quantity of polyphenols. Thus, the G.J. includes
18.48 + 1.14 mg gallic acid equivalent/g extract, and the L.J.
includes 2523 + 1.54 mg gallic acid equivalent/g extract
(Table 1).

Table 1. Polyphenol and Flavonoid Amounts of Ginger and
Lemon Juices”

total phenols (mg GAE/g DW)

18.48 + 1.14
2523 + 1.54

flavonoids (mg QE/g of DW)

7.26 + 2.05
12.75 £ 2.10

GJ.

LJ.
“Values are expressed as “mean + SE.M.”; GJ.: ginger juice; LJ.:
lemon juice; GAE/g DW: gallic acid equivalent/gram of dry weight;
QE/g DW: quercetin equivalent/gram of dry weight.

3.1.2. Determination of Flavonoids. The determination of
the flavonoids revealed numerous flavonoids since the contents
obtained were 7.26 + 2.05 and 12.75 + 2.10 mg eq of
quercetin/g of extract for G.J. and L.J., respectively (Table 1).
These values indicate that G.J. and L.J. contain a large number
of flavonoids.

3.1.3. HPLC Analysis of Zingiber officinale and Citrus
limon Juices. The HPLC characterization was carried out on
the Zingiber officinale and Citrus limon juices, measured
according to the different standards; we could show that the
G.J. contains 6-gingerol as the main compound, 4-gingerol, and
6-gingediol (Figure 1A; Table 2).

The HPLC analysis of L.J. showed the existence of several
molecules since this analysis allowed us to prove the existence
of hesperidin, rutin, isorhamnetin, and eriodictyol (Figure 1B;
Table 3).

3.2. Study of the Anti-Inflammatory Activity of
Ginger and Lemon lJuices. 3.2.1. Effects of Ginger and
Lemon Juices on the Inhibition of Heat-Induced Denatura-
tion of BSA. The data in Table 4 show that concentrations of

Table 2. Peaks’ Characterization ofZingiber officinaleJuice

( A) %21
peak number compound retention time (min) % of area
1 4-gingerol 3.97 0.81
2 6-gingediol 6.41 0.19
3 6-gingerol 21.60 15.22

Table 3. Peaks’ Characterization of Citrus limon Juice (B)“*'

peak number compound retention time (min) % of area
1 eriodictyol 9.17 312

2 rutin 13.25 5.69

3 hesperidin 16.31 13.88

4 isorhamnetin 18.23 18.43

“Bekkouch Oussama et al., ginger (Zingiber officinale Roscoe), lemon
(Citrus limon L.) juices as preventive agents from chronic liver damage
induced by CCl,: a biochemical and histological study. Antioxidants.
2022;11(2)/Copyright [2022/Copyright Oussama Bekkouch]-
[MDPI/Copyright Oussama Bekkouch].

Table 4. Effect of Ginger and Lemon Juices on Heat-
Induced Denaturation of BSA?

concentration (ug/

extract mL) inhibition (%)  ICs, (ug/mL)
GJ. 250 12.23 + 0.89 838.86 + 9.81¢
500 2791 + 1.31
1000 59.82 + 2.07
LJ. 250 11.1 + 0.60 831.09 + 9.66
500 29.63 + 1.41
1000 60.09 + 1.96
F 250 17.71 + 0.92 684.61 + 7.62°
500 32.76 + 1.01
1000 74.5 £ 1.99
diclofenac 250 3543 + 161 449.32 + 5.97°
sodium 500 52.19 + 117
1000 91.58 + 1.45

“Values are expressed as “mean

+ SEM.”; GJ.: ginger juice; LJ.:

lemon juice; F: formulation of ginger and lemon juices; a: p < 0.001.

250 to 1000 ug/mL of Zingiber officinale, Citrus limon juices,
and diclofenac sodium stopped the denaturation of BSA
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Figure 1. HPLC chromatographic profiles of Zingiber officinale (A) and Citrus limon (B) juices.”" Ginger (Zingiber officinale Roscoe), lemon (Citrus
limon L.) juices as preventive agents from chronic liver damage induced by CCl,: a biochemical and histological study. Antioxidants. 2022;11(2)/
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Figure 2. Effects of Zingiber officinale and Citrus limon juices on acetic acid-induced vascular permeability in mice; values are expressed as “mean +
S.E.M.”; GJ. 1: ginger juice at the dose of 200 mg/kg; G.J. 2: ginger juice at the dose of 400 mg/kg; L.J. 1: lemon juice at the dose of 200 mg/kg;
L.J. 2: lemon juice at the dose of 400 mg/kg; F 1: formulation of ginger and lemon juices at the dose of 200 mg/kg; F 2: formulation of ginger and
lemon juices at the dose of 400 mg/kg a: p < 0.001; b: p < 0.01.

Table S. Effect of Zingiber officinale and Citrus limon Juices for 3 h on Inflammation of the Paw in Rats”

initial size 1h 2h 3h difference after 3 h (cm) inhibition (%)

control 1.79 + 0.05 3.31 + 0.06 3.87 + 0.07 3.95 + 0.06 2.16 -

GJ. 1 1.83 + 0.09 3.29 + 0.04 3.03 + 0.0 2.88 + 0.0S 1.05 27.09¢
GJ.2 1.80 + 0.06 3.15 + 0.0S 2.98 + 0.06 2.60 + 0.05 0.80 34.187
L] 1 1.81 + 0.04 3.24 + 0.06 3.08 + 0.0S 292 + 0.04 1.11 26.08“
LJ. 2 1.78 + 0.07 3.10 £+ 0.0 2.85 + 0.05 2.41 + 0.06 0.63 38.99¢
F1 1.81 + 0.05 3.17 + 0.06 2.90 + 0.07 2.53 + 0.07 0.72 35.95¢
F2 1.80 + 0.04 2.95 + 0.0 2.76 + 0.04 2.21 + 0.06 0.41 44.05"
indomethacin 1.81 + 0.06 2.98 + 0.07 2.61 + 0.06 2.18 + 0.05 0.37 44.81°

“Sizes were expressed in millimeters; inhibition of the inflammation was expressed in < % >>; G.J. 1: group treated with ginger juice at the dose of
10 mg/kg; G.J. 2: group treated with ginger juice at the dose of 20 mg/kg; L.J. 1: group treated with lemon juice at the dose of 10 mg/kg; L.J. 2:
group treated with lemon juice at the dose of 20 mg/kg; F 1: group treated with the formulation at the dose of 10 mg/kg; F 2: group treated with
the formulation at the dose of 20 mg/kg. Values are expressed as “mean + S.E.M.”; the control group was compared with the GJ. 1, GJ. 2,LJ. 1,

LJ. 2, F 1, and F 2 groups and the indometacin group. a: p < 0.001.

induced by high temperature in a concentration-dependent
way.

The formulation F showed the highest inhibition of BSA
denaturation (ICy, = 684.61 + 7.62 ug/mL), followed by LJ.
(ICso = 831.09 + 9.66 yg/mL). Then, GJ. (ICs, = 838.86 + 9,
81 pg/mL), which showed the lowest inhibition of BSA
denaturation, is resulted compared to diclofenac sodium, one
of the most internationally used anti-inflammatory cures
worldwide, which gave an ICs, equal to 449.32 + 5.97 ug/mL.

3.2.2. Effects of Ginger and Lemon Juices on Acetic Acid-
Induced Vascular Permeability in Mice. The results obtained
show that the groups treated with Zingiber officinale juice and
Citrus limon juice or indomethacin 1 h before induction of
inflammation by acetic acid significantly (p < 0.001 and p <
0.01) and in a dose-dependent manner reduced their vascular
permeability at the peritoneal level (Figure 2). Treatment with
50 mg/kg indomethacin-induced a 44% inhibition of vascular
permeability. At the same time, ginger juice decreased vascular
permeability by —18 and —25% at the 200 and 400 mg/kg
doses, respectively.

Treating 200 and 400 mg/kg of Citrus limon juice orally
induced a — 19 and —27% decrease in vascular permeability.
However, the formulation of both juices gave an equivalent
inhibition rate of —37 and —44% at 200 and 400 mg/kg,

26719

respectively, whose results are quite comparable to those
obtained with indomethacin (—43%) (Figure 2).

3.3. Effects of Ginger and Lemon Extracts on the
Inhibition of Carrageenan-Induced Edema of the Rat
Paw. Table S shows that carrageenan increases paw size in rats
by 2.16 mm after 3 h, corresponding to +220.67%. However,
the extracts of Zingiber officinale and Citrus limon all had anti-
inflammatory effects and dose-dependently prevented inflam-
mation of the mouse paws. Thus, the Zingiber officinale juice
also showed an anti-inflammatory effect of —27.09 and
—34.18%, corresponding to 10 and 20 mg/kg doses,
respectively. In addition, the Citrus limon juice revealed an
inhibition rate of inflammation in rat paws equal to —26.08 and
—38.99%, corresponding to the doses of 10 and 20 mg/kg,
respectively. Similarly, the formulation of Zingiber officinale and
Citrus limon juices also showed a synergistic effect and gave
inhibition rates of —35.95 and —44.05%. Finally, all these
extracts were compared to the positive control group treated
with indomethacin at a dose of 10 mg/kg and gave an
inhibition rate of —44.81% of the installation of edema.

4. DISCUSSION

Inflammation is a defense process of the body whose purpose
is to neutralize, fight, or eliminate the pathogen (endogenous
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or exogenous) and to prepare for tissue repair. Acute
inflammation is marked by signs including fever, redness,
swelling, and pain.”’ Inflammation is usually a helpful
operation: its goal is to remove the microbe and restore tissue
injury. At times, it could be painful because of the aggression of
the microbe, its perseverance, the site of the inflammation, the
anomaly of regulation of the inflammatory operation, or by a
quantitative or qualitative anomaly of the cells implicated in
the inflammation.*®

Medicinal plants are widely used in conventional therapy to
relieve inflammatory maladies like rheumatoid bronchitis,
asthma, arthritis, eczema, osteoarthritis, gout, allergic rhinitis,
and gastric and duodenal ulcers.””*°

Plant molecules with an anti-inflammatory effect are mainly
polyphenols, sterols, and terpenes.’’ Landolfi et al. showed that
some polyphenols, as an anti-inflammatory substance, can
modify the metabolism of arachidonic acid in platelets.*> For
example, the effects of quercetin and myricetin are dose-
dependent: at high concentrations, they inhibit cyclooxygenase
and lipoxygenase. However, at low concentrations, only
lipoxygenase is affected. In contrast, other flavonoids such as
apigenin and chrysin act primarily on cycloxygenase activity.

The denaturation of the protein is a natural biochemical
reaction that happens throughout a chronic inflammatory
replay that can lead to loss of tissue function.’>** Furthermore,
the disintegration of lysosomal membranes throughout chronic
inflammation has been shown to liberate pro-inflammatory
molecules, counting proteases, histamines, and operated
neutrophils, at the localized spot of tissue injury.”>>°
Therefore, a medicinal plant that inhibits the denaturation of
the protein and stabilizes the cell membrane besides
disintegration could serve as a potential source of anti-
inflammatory drug candidates.

The results demonstrate that Zingiber officinale and Citrus
limon juices stopped the denaturation of BSA induced by heat
in a manner dependent on the concentration compared with
diclofenac sodium.

Therefore, edema measurement is an excellent tool for
quantifying derm inflammation caused by phlogistic molecules
such as carrageenan. Carrageenan-induced pate edema is a
widely utilized method to examine the skin’s inflammatory
process, in addition to identifying anti-inflammatory agents
that can be useful in treating skin diseases and in the search for
anti-inflammatory extracts and compounds that act on different
levels.”

Carrageenan-induced paw edema is one of the famous and
widely used assessments searching for natural substances with
anti-inflammatory activities.”> It is a susceptible and duplicat-
able assessment for non-steroidal anti-inflammatory medica-
ments and has long been confirmed as a valid model for
studying new anti-inflammatory medicaments. In addition,
carrageenan-induced inflammation helps detect orally active
anti-inflammatory molecules; therefore, it has a notable
predictive value for anti-inflammatory molecules performing
via mediators of acute inflammation.’ It is prominent that the
progression of carrageenan-induced edema is a three-step
procedure: in the first step (the first 90 min), serotonin and
histamine are liberated. The second step (90—150 min) is
characterized by kinin, and the third step (after 180 min) is
prostaglandin moderated.”” Our results indicate that Zingiber
officinale and Citrus limon juices act effectively throughout the
third phase of the inflammatory procedure and consequently
may act by preventing prostaglandin release and/or action.

The molecular and cellular mechanism through which
carrageenan induces the inflammatory procedure is well
known. It activates the deliverance of serotonin and histamine
from mast cells, thereby beginning a succession of incidents
that fabricate other mediators that produce the acute
inflammatory response.40 In fact, through the early phase
(1—2 h) of the inflammatory reaction, carrageenan induces the
fabrication of pro-inflammatory factors such as histamine,
serotonin, leukotrienes, P.A.F., and prostanoids. These factors
provoke vascular modifications that lead to plasma ejection.
Throughout the final phase of this inflammatory process (4—
12 h), these chemoattractants provoke neutrophil recruitment
by chemotaxis to the inflammatory spot. They release their
cytotoxic arsenal and other inflammatory mediators.”’ Two
populations of inflammatory cells are involved during
carrageenan-induced inflammation. Neutrophils predominate
during the first 12 h. They are then replaced by monocytes that
differentiate into tissue macrophages. These mononuclear cells
control the inflammatory reaction till its resolution after 48 h.**
The infiltration of P.M.N.s within the pleural cavity of rats
through the primary 3 h after injection of A-carrageenan was
utilized in the present assessment to estimate the in vivo anti-
inflammatory activity of Zingiber officinale and Citrus limon
juices. We observed that providing oral dose of these extracts
to the rats notably diminished the progression of pleurisy. The
size of the exudate and the quantity of P.M.N.s migration
within the pleural cavity of these rats were significantly
reduced. In addition to inhibiting the fabrication of pro-
inflammatory mediators, biomolecules of Zingiber officinal and
Citrus limon juices inhibit the recruitment of neutrophils to the
pleural cavity by inhibiting the expression of adhesion
molecules on the wall of the endothelial cells.*’

The major characteristics of acute inflammation are the
dilatation of vessels, the efflux of plasma, the growth of
permeability of vessels, and cell migration (generally
neutrophils) within the location of inflammation.** Enhanced
vascular permeability happens because of the contraction and
separation of endothelial cells at their boundaries to expose the
basement membrane, freely permeable to plasma proteins and
fluid.** Acetic acid brought about vascular permeability is a
standard capillary permeability assay in mouse models.*

Zingiber officinale and Citrus limon juices substantially
inhibited the increase of vascular permeability, proving the
overpowering vascular reaction in the extreme irritation
process. Indeed, Zingiber officinale and Citrus limon juices
displayed an inhibitory movement in opposition to peritoneal
capillary permeability added through acetic acid provocation
withinside the mice model.

Alike to those found by Klimek et al., Haidari et al., Tag et
al,, and De Freitas et al. have all proved an anti-inflammatory
power of various extracts of Citrus limon," > effects
undoubtedly due to the bioactive compounds of the two
vegetals.

The results we found were quite comparable to those found
by Mohammed et al., Nile and Park, Lakhan et al,, and Li et al.,
which showed an anti-inflammatory effect of various extracts of
Zingiber officinale.”’ ~>* In addition, Habib et al. demonstrated
that the ginger extract could diminish the high expression of
NFkB and TNF-a in rats with liver cancer.”” NF-kB
stimulation is associated with various inflammatory maladies.
In experiments with rats, quercetin has been proven to be an
essential contributor to ulcer reduction and gastric cell
protection. Furthermore, it has been suggested that quercetin

https://doi.org/10.1021/acsomega.2c04263
ACS Omega 2023, 8, 26715—-26724


http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.2c04263?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega

http://pubs.acs.org/journal/acsodf

exerts its activity via a complex mechanism involving mucus
production, inhibiting leukotriene production.*®

The HPLC analysis of Zingiber officinale and Citrus limon
juices showed that ginger juice is composed of 6-gingerol as
the main compound along with 4-gingerol and 6-gingediol.

Flavonoids stop leukocyte migration by inhibiting their
adherence to the vascular membrane. This activity would be
because of the stopping of the fabrication of IL-1 and TNF-q,
the main inciters of the expression of adhering molecules on
the vascular wall.””

Indeed, gingerol, shogaol, and several other molecules
inhibited prostaglandin biosynthesis by suppressing S-lip-
oxygenase or prostaglandin synthetase. In addition, they are
also able to stop the fabrication of pro-inflammatory molecules
such as IL-1, TNF-q, and IL-8.%

6-Gingerol has been proven to inhibit IL6, IL8, and SAAl
expression in cytokine-inspired HuH?7 cells, suppressing COX2
expression. We have additionally proven that the repressing of
COX2 is accomplished through the obstruction of the NFxB
signaling pathway. Finally, we have proven that S-[6]-gingerol
blocks the NFxkB/COX2 path by repressing the cytokine-
caused oxidative stress.””

In other work by Liang et al, gingerol had an anti-
inflammatory power related to the NF-kB pathway by
inhibiting the expression of NO, TNF-a, IL-15, IL-6, and
PGE2 and decreasing the expression of iNOS and COX2, by
the downregulation of p-IkB and p-p65.”°

Jung et al. (2009) reported that the hexane extract of the
Zingiber officinale rhizome inhibited the uncontrolled fabrica-
tion of NO, P.G.E., TNF-alpha, and IL-1beta.®’ The powerful
biomolecules of the ginger rhizome to inhibit allergic responses
can help treat and prevent allergic diseases.”

Lantz et al. proved that gingerols could block LPS-induced
COX-2 expression, showing that essential compounds in ginger
can inhibit P.G.E. production.”> Rutin has also shown anti-
inflammatory effects because of its NO and TNF-« inhibitory
activities and inactivated human neutrophils.**

The HPLC analysis of the Citrus limon juice showed the
existence of several molecules as this analysis allowed us to
prove the existence of hesperidin, rutin, isorhamnetin, and
eriodictyol.

Rutin, one of the compounds found in Citrus limon juice, has
been validated for its anti-inflammatory effects by effectively
reducing arthritis problems.’

Also, rutin was found to inhibit HMGBI1 liberation,
downregulate HMGB1-dependent inflammatory reactions in
human endothelial cells, and stop HMGBI1-mediated hyper-
permeability and leukocyte migration in mice.*®

Patel and Patel have mentioned in their work the
pharmacological activities of rutin regarding its medicinal
utilizations and pharmacological effects in distinct biological
systems, including the anti-inflammatory activity.®’

Another essential molecule in Citrus limon juice, hesperidin,
exerted significant anti-inflammatory effects through the
Opuntia ficus-indica extract. Tejada et al. and Parhiz et al
demonstrated that hesperidin, another bioactive compound in
Citrus limon juice, possessed considerable anti-inflammatory
activity.ég’69

Hesperidin increased self-renewal capability and chondro-
genesis of mesenchymal stem cells, blocked the secretion of
pro-inflammatory molecules: IFN-y, IL-2, IL-4, and IL-10, and
repressed the expression of p6S, inhibited the secretion of pro-

inflammatory cytokines, and stopped the improving impact of
hesperidin on the chondrogenesis of mesenchymal stem cells.”’

Guazelli et al. (2021) demonstrated the anti-inflammatory
consequences of hesperidin methyl chalcone in acetic acid-
caused colitis. Hesperidin methyl chalcone blocked colitis-
caused tissue oxidative stress, inflammatory molecular
infiltration, and pro-inflammatory cytokine manufacturing by
blocking NF-kB stimulation.”" In addition, hesperidin methyl
chalcone notably diminishes colon edema, macroscopic
injuries, colon shortening, and histological harm, displaying
an extensive development in colon inflammation.

One of the bioactive compounds found in Citrus limon juice
through HPLC is isorhamnetin. It was also found that
isorhamnetin possesses extensive pharmacological activities,
including anti-inflammatory activity, involving the regulation of
PI3K/AKT/PKB, NF-kB, MAPK, and other signaling paths as
the expression of associated cytokines and kinases.”

Isorhamnetin extracted from Opuntia ficus-indica signifi-
cantly decreased the manufacturing of nitric oxide in RAW
264.7 macrophage cells without drastically influencing their
viability, while, in vivo, confirmed effectiveness near to
indomethacin to decrease rat ear edema caused by croton
oil, the effects were moderated by the suppression of COX-2
activity and block on the fabrication of pro-inflammatory
cytokines such as TNF-a and IL-6.”

Another discovered molecule by HPLC in Citrus limon juice
is eriodictyol. Indeed, pretreatment with eriodictyol notably
diminished pulmonary infection and lung damage in mice with
LPS-brought-on acute lung lesions, and the protecting impact
of eriodictyol may correspond to its capabilities to relieve the
immoderate oxidative damage and stop the manufacturing of
inflammatory cytokines, which include TNF-a, IL-6, IL-15,
and MIP-2, in macrophages. Additionally, the protecting
impact of eriodictyol in acute lung injury can be related to
the blocking of NF-kB signaling and the stimulation of the
Nrf2 path, which finally causes a significant decrease in
inflammatory reactions to oxidative damage in the lung
tissue.”*

Based on the results of Mokdad-Bzeouich et al., we conclude
that eriodictyol has immunomodulating effects on splenocytes,
NK cells, and macrophages.”> Furthermore, another study by
Wang et al. proved that eriodictyol diminishes the IL-153-
induced inflammatory activity in the chondrocytes of human
origin.”® More research on possible mechanisms demonstrated
that the protective activity of eriodictyol was performed by
stopping NF-xB stimulation via amplifying the Nrf2/HO-1
reaction path.

Taking these data together, the juices of Zingiber officinale
and Citrus limon, as well as their formulation, would exert their
anti-energetic effect by diminishing the production of
inflammatory intermediaries implicated in the course of the
steps of the acute inflammatory reaction caused by A-
carrageenan, as well as by stopping the employment of
leukocytes to the pleural cavity by exerting antichemoattractant
effects on the latter.”*

Based on our findings, it is observed that Zingiber officinale
and Citrus limon juices possess anti-inflammatory power in vivo
and in vitro, either by decreasing or inhibiting prostaglandin
synthesis and/or NO production and/or TNF-a synthesis or
by decreasing or inhibiting pro-inflammatory cytokine
production or by suppressing the pronouncement of genes
implicated in the inflammatory process.
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5. CONCLUSIONS

The different juices of ginger and lemon showed anti-
inflammatory activities in vivo by protecting the progress of
the rat paw edema and inhibiting the vascular permeability and
in vitro via the inhibition of the denaturation of BSA, of which
the most effective extract is the formulation F that has shown a
considerable synergistic effect, followed by lemon juice and
ginger juice; these numerous activities are indeed due to the
different biomolecules recognized utilizing HPLC, such as
gingediol, gingerol, hesperidin, isorhamnetin, rutin, and
eriodyctiol. Additional research studies need to be performed
for more utilizations of these vegetals as substitute tools to
prevent the treatment of immune and inflammatory maladies,
either by stopping the liberation of some pro-inflammatory
molecules or by regulating the transcription factors of genes
coding for pro-inflammatory substances.
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