Journal of Applied and Natural Science
16(1), 58 - 68 (2024)

ISSN : 0974-9411 (Print), 2231-5209 (Online)
journals.ansfoundation.org

ANSF

APPLIEDAND NATURAL
SCIENCEFOUNDATION

Research Article

Isolation and extraction of gallic acid from Hylocereus undatus and a
biochemical and histological study on laboratory Wistar albino rats with
induced rheumatoid arthritis

Muthana Salahuddin Ibrahim

Department of Chemistry, College of Education for Pure Science, University of
Mosul, Mosul, Iraq

Luma Abd Almunim Baker

Department of Chemistry, College of Education for Pure Science, University of
Mosul, Mosul, Iraq

Article Info

https://doi.org/10.31018/
jans.v16i1.4990

Received: August 7, 2023
Revised: January 7, 2024
Accepted: January 22, 2024

*Corresponding author. E-mail: muthana.21esp21@student.uomosul.edu.iq

How to Cite

Ibrahim, M. S. and Baker, L. A. A. (2024). Isolation and extraction of gallic acid from Hylocereus undatus and a
biochemical and histological study on laboratory Wistar albino rats with induced rheumatoid arthritis. Journal of Applied and
Natural Science, 16(1), 58 - 68. https://doi.org/10.31018/jans.v16i1.4990

Abstract

The herb Hylocereus undatus, which is rich in phytochemicals and thought to contain antioxidants comparable to those in its
peel, has a lot of promise for use in the food field. The presented study aimed to study the protective effect of the aqueous ex-
trac and the active compounds (gallic acid) isolated from the dragon fruit (H. undates) to lessen the impact of rheumatoid arthri-
tis (RA) induced by Freund's Complete Adjuvant (CFA)) by studying some of the changes in biochemical and histochemical
parameters. The Wistar albino rats (male) were divided into four groups viz., Group | : A negative control group, dosed only
with plain water orally, Group Il : Induced for RA by CFA, a positive control group; Group Ill: dosed with aqueous extract of the
fruit of H. undatus (kg/500 mg); and Group IV: dosed with gallic acid isolated from this fruit (kg/mg20). The results showed a
significant increase in malondialdehyde (MDA), platelet, interleukin 6 ( IL-6), and RF in rats treated with CFA and a significant
decrease in Hb compared to the negative control group. There was a significant decrease of MDA, Platelet, IL-6, and RF in the
groups treated with aqueous extract and a significant increase in Hb compared with the positive control group while there was a
significant decrease in each of MDA, platelets, IL-6, and RF. Based on a histological analysis, the study group's liver and kid-
neys had smaller lesions and different abnormalities than the control . Thus, the fruit plant's gallic acid extracts were protective
in reducing RA damage caused by CFA and improving kidney and liver tissue.

Keywords: Freund's Complete Adjuvant (CFA), Dragon fruit, Gallic acid, Histological, Hylocereus undatus, Malondialdehyde,
Rheumatoid Arthritis

INTRODUCTION 2020). Sixty percent of patients with rheumatoid arthri-
tis suffer from symptoms of joint and muscle pain,

Rheumatoid Arthritis is one of the chronic autoimmune swelling of the metatarsophalangeal joints, high body

diseases that severely affects the joints, causing them
to become stiff and swollen, and causing the inflamma-
tion of the joint to become disabling. It is also one of the
main causes of physical disability (Jakobsson et al.,
2022). The incidence of Rheumatoid Arthritis in adults
worldwide is estimated at 1%, and middle age is the
most common period for the onset of the disease, alt-
hough it is not limited to a specific age. In addition, it is
estimated that its incidence is higher in females than in
males (Mclnnes and Schett, 2017). Arthritis was discov-
ered by Alfred Baring Garrod in the 1850s (Scott et al.,

temperatures, loss of appetite, as well as general
weakness. Arthritis can develop if it is not treated, and
many symptoms begin to appear, such as swelling in
the hands and feet due to joint stiffness and difficulty
moving in the morning, which may lead to disability
(Humphreys et al., 2014). The development of severe
inflammation causes enlarged blood vessels in the syn-
ovial membrane and expansion of the soft tissues in-
side the joints, which destroys the joint tissues (Aletaha
and Smolen, 2018).

Dragon fruit (Hylocereus undatus) because the plants
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have a distinctive role in medical treatments, in addition
to the use of this fruit in folk medicine in many Asian
countries as herbal medicines to prevent and treat dis-
eases. (Sofowora et al., 2013). The scientific name of
dragon fruit is derived from the Greek word (Hyle)
(Woody) and the Latin words (Cereus) (Waxen) and
(Undatus), which refer to its stems with wavy edges
(Eggli and Newton, 2004); addition of this fruit in the
daily diet may contribute a lot in fighting arthritis as well
as the anti-inflammatory properties of this fruit that work
to prevent many diseases such as arthritis (Verma et
al., 2017). So, this study aimed to extract gallic acid
(GA) from H. undatus and investigate a biochemical
and histological effect on laboratory male rats infected
with induced rheumatoid arthritis.

MATERIALS AND METHODS

The dragon fruits, H. undatus, were taken from a local
market in Nineveh Governorate 36.34076° N,
43.12685° S, collected, cleaned well, kept in bags, and
placed in the refrigerator until use. The chemicals that
were used in the study were the standard ready-made
analysis kits, which are: Rheumatic factor from Abbott
company, Interleukin-6 from BIOSORURCE company,
glutathione peroxide from Elabscience company,
malondialdehyde was estimated through its reaction
with thiobarbituric acid in a solution (Tri Chloro Acetic
Acid(T.CA.) with (150 microliters) of albino male rats
serum.

Animals used

Twenty-four adult albino Wistar male rats weighing 200-
250 grams were taken from the animal house in the
College of Veterinary Medicine / University of Mosul-
pleced in cages prepared for this regard and provided
with water and animal food for this purpose. They were
divided into four groups, left for one week to accommo-
date the laboratory conditions, such as light and
temperature, and then performed injection and dosing
operations.

Ethical approval

The ethical guidelines outlined in the Declaration of
Helsinki were followed to conduct this investigation. The
local ethics committee of the College of Education at
Mosul University in lraq examined and approved the
study protocol,the official form numbered
UM.VET.2022.029 .

Method of extraction of dragon fruit

The fruit was cleaned and washed well with water to get
rid of dust and impurities. Then it was dried from the
water. An electric blender was used to mash and mix it
to obtain juice. Gauze papers were used in several lay-

ers to filter this juice, and the juice was diluted using
20% distilled water. The mixture was wrapped using
aluminum leaves, which were left to stir to stir con-
stantly for 12 hours. Sterile containers were used to
put the mixture in it after filtering by using the electric
oven to dry at a temperature of (40°C). The extract
(crude) was collected by scraping it and placed in
clean, sterile and opaque glass containers in the refrig-
erator at a temperature (2-4 °c) until it was used in the
experiment. It was prepared according to the method
(Dey et al., 2020) and with modifications (Mitscher et
al., 2013).

Isolation of gallic acid

The quantitative measurement of the identified gallic
acid was carried out by Reverse-phase HPLC analysis
by using a SYKAMN HPLC chromatographic system
equipped with a UV detector (Chemstation) (C18-OSD)
with column dimensions (25cm and 4.6mm). The room
temperature of the column was 30 °C. By the stepwise
separation method, it was separated by taking A
(methanol) and B (1% formic acid) in water (vol/vol)
(70:30), and the flow rate was 0.9 ml/min. The volume
of injected samples was 100 pl, and the standards were
100 pl. This was done automatically using the automat-
ic sampling appliance at the wavelength of 280 nm
(Radovanovic et al., 2015).

Substances and dosages

One gram of fruit extract and gallic acid was dissolved
in10 ml of distilled water, and the rats) Laboratory
animals( were given these substances at a
concentration of 500 mg/kg and 20 mg/kg for 28 days
(Akomolafe e tal., 2014; Swarup et al., 2010). The rats
were injected with 0.1 ml of Freund's Complete Adju-
vant(CFA) in the toe of the right foot to induce rheuma-
toid arthritis (Adeneye et al., 2014).

Experiment design

Twenty-four Wistar albino male rats were taken and
divided into four groups, each with six rats:

Group I: A negative control group dosed with plain wa-
ter throughout the experiment.

Group lI: A positive control group. On the first day of
the experiment to induce arthritis, was counted as it
was injected with 0.1 ml of (CFA) in the right toe .
Group II: Rats were dosed orally with an aqueous ex-
tract of the dragon fruit of plant H. undatus at the dose
of 250 mg/kg on the first day of the experiment, and
after 7 days, they were injected with 0.1 ml of (CFA) in
the right sole to cause arthritis.

Group IV: Rats were dosed orally with gallic acid ex-
tracted from the same fruit plant at the dose of 20 mg/
kg on the first day of the experiment, and after 7 days,
they were injected with 0.1 ml of (CFA) in the right sole
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to cause the disease arthritis.

Blood samples

At a specified period (0, 14, 28 days), blood was drawn
from the rats' sinus, definitely in the eye socket,
through the method of blood drip by using special capil-
lary tubes (Stillinger et al., 1983). This was collected in
tubes and then left in the water bath for 10 minutes at a
temperature (37 °C), after which the serum was sepa-
rated by centrifugation for 15 minutes at a speed of
(5000 cycles/sec) and kept at a temperature -20°C in
special tubes for testing (Abd Al-azem et al., 2019).

Estimation of hemoglobin and platelet

Blood samples were collected using tubes containing
anticoagulants and were sent to the lab, where an ap-
paratus made by Beckman Coulter (Ac'T 5diff CP,
USA) was used to automatically estimate the hemoglo-
bin and platelets for the study groups (Hazzaa et al.,
2022).

Evaluation of malondialdehyde and interleukin-6
levels

Thiobarbituric acid reactions have been used to assess
malondialdehyde (MDA) concentrations using the Halli-
well and Chirico approach (1993). For interleukin-6 ,
whole blood was taken from each rat. The samples
were centrifuged at 4°C to extract the serum. The su-
pernatant was then packed and kept at -20 °C. Using
the enzyme-linked immunosorbent assay (ELISA), the
serum IL-6 concentrations of the rats in each of the five
groups were ascertained. The precise procedures fol-
lowed the instructions provided in the ELISA kit
(MyBiosource, USA).

Histopathological study

Histology was studied liver, kidney, and joint specimens
were fixed in 10% formalin saline, dehydrated in 70%
alcohol, and washed in tap water overnight. It was
cleaned in xylene for 20 minutes before being covered
in paraffin wax. Transverse serial slices measuring 5 m
thick were cut and deposited on an albuminized slide.
The slices were stained with hematoxylin and eosin (Hx

& E), and then inspected microscopically for histo-
pathological research (Singla et al., 2017).

Statistical analysis

The results were analyzed statistically, as the biochem-
ical variables' values were described using the Mean
and the Standard Deviation. The Duncan test was used
in (ANOVA) to analyze the effect of the studied bio-
chemical variables (Kirkwood, 1988).

RESULTS AND DISCUSSION

The weights of rat members among study groups are
summarized in Table 1.

The results of Table 1 showed that the induction of
rheumatoid arthritis with CFA in male the laboratory
animals resulted in a significant decrease in the proba-
bility level (P<0.05) in their weights, reaching (200.83+
2.67g) compared with the negative control group
(294.33+6.80 g). in which rheumatoid arthritis did not
develop, as this decrease in the weight of the positive
control group was agree with the fact that rheumatoid
arthritis is associated with a rheumatoid cachexia loss
of body mass , which shows the loss of muscle mass
and strength due to the development of Rheumatoid
arthritis. (Nasuti et al., 2019). It is also believed that the
development of rheumatoid arthritis leads to a weak-
ness in the absorption of nutrients by the intestine (Cui
et al., 2019) and that infections cause an abnormal
response of the neuroendocrine glands, as this in-
creases hormones such as glucocorticoids and an in-
crease in inflammatory cytokines, and this finally caus-
es hyperemia in metabolism and a significant decrease
in weight concerning rheumatoid arthritis rats (Granado
et al., 2007).

Also, the biological and protective effect of the aqueous
extract of dragon fruit (H. undatus) (kg/mg 500)
showed a significant increase in its weight (3.36650 +
332 g ), P<0.05 when compared with the positive con-
trol group (2.67603 + 200.833g), and this may be be-
cause these doses of plant extract may effect on sen-
sory perception, and then effect on appetite (Pansai e t

Table 1. Showing relative weights of the rats for the four groups

Weights of rats _ : MeaniSD. . .
(Units) Gallic acid Extract collection Positive control Negative control
(20mglkg) (500mg/kg) (0.1ml FCA) (DW)

Weight at the begin-
ning of the experi-
ment (g)

Weight at 14 days of
the experiment (g)
eight at 28 days of
the experiment (g)

264.16 +1.5793A

278+2.8519B

284.16+3.5158B

269.5 +3.43269A

313.33+£2.333C

332+3.3665D

269.6667+4.68093A  272+6.0991A

224.3333+4.92386A  289.3316.5557A

200.83+£2.676A 294.33+6.80B

Similar letters (a, b, ¢, and d) refer to the significant differences at P<0.05; Different letters (a, b, c, and d) refer to the non-significant

differences at P<0.05); FCA: Freund's Complete Adjuvant
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al., 2020), and dragon fruits H. undatus extract is a
good source of polyphenols that have antioxidant prop-
erties (Hernandez and Salazar, 2012); And that the
pulp and peel of this fruit have many chemical com-
pounds that possess antimicrobial activity that can be
used as a natural antioxidant (Patel and Ishnava,
2019), as well as containing many vitamins and miner-
als which have a significant effect on the body health
(Hossain et al., 2021).

The protective effect of Gallic acid showed a significant
increase in its weight at the probability level (P<0.05)
(3.51584 + 284.1667 g) when compared with the posi-
tive control (2.67603 + 200.833 g) of the body
(Reckziegel et al., 2016) By influencing the two hor-
mones responsible for feeling full and improving insulin
resistance, leptin and adiponectin (Hsu and Yen, 2007).
Furthermore, gallic acid has beneficial effects on whole
-body metabolism, and Gallic acid significantly stimu-
lates genes responsible for mitochondrial function, in-
cluding antioxidant genes (Doan et al., 2015).

Change in the number of platelets in the blood

The results of Table 2 indicated that the induction of
rheumatoid arthritis by CFA in rats caused a significant
increase in platelet count, i.e. (1.78 + 445.06 x 10/ ml)
at a probability level (P < 0.05) compared to the nega-
tive control group that was (1.64 + 346.6x 10% ml). In
which rheumatoid arthritis did not develop, the reason
for the high number of platelets is attributed to the stim-
ulation of the immune system against the invasion of
pathogenic microorganisms, Whereas, the infiltration of
single cells into the joints of mice resulting from arthritis
leads to the secretion of tumor necrosis factor (TNF)
(Hussain and Khalaf, 2020). Also, different cytokines
such as: (interleukin-1 beta) (interleukin-4) (Cytokines
IL-6, IL-4) are responsible for pathological thrombocyto-
sis in rheumatoid arthritis because they are positively
associated with elevated disease activity (Ertenli et al.,
2003). The protective effect of the aqueous extract of
the dragon fruit plant was 500 kg/mg. It worked on a

significant decrease (404+1.31x 103 ml) at the level of
probability (P < 0.05) in the number of platelets when
compared with the positive control group (445.06+1.78x
10%/ ml). The attribution of this is because the dragon
fruit extract contains phenolic compounds found in
many tropical plants, anthocyanins and flavonoids that
have an antioxidant effect that can affect the Immune
system (Kapcum etal., 2021). Flavonoids also have
antiviral activity against many viruses by eliminating
them and influencing their DNA (Clain et al., 2019). The
results indicated that the Positive effect for Gallic acid
led to a significant decrease (423.6+1.115x 10% ml) in
the number of platelets at the level of probability (P <
0.05) when compared with the positive control group
(445.06+1.78 x 10% ml), because Gallic acid is one of
the most important phenolic compounds that are biolog-
ically active and found in plants (Karamac et al., 2006;
Rasool et al., 2010). Gallic acid is an effective antioxi-
dant (Badhani et al., 2015), It is non-toxic to mammals
and is generally absorbed in the intestine (Nair and
Nair, 2013), as Gallic acid improves the effects of anti-
bodies, which indicates that it facilitates the immune
response (Cahyati et al., 2021).

Change in the haemoglobin level in the blood

The results of Table 2 showed that the induction of
rheumatoid arthritis with CFA in male laboratory rats
caused a significant decrease in haemoglobin (9.26+
0.055 g/dL) at a probability level (P < 0.05) compared
with the negative control group (13.3610.076 g/dL)
rheumatoid arthritis did not develop, the reason for this
is that the decrease in the haemoglobin level in the
presence of arthritis is due to a decrease in erythropoi-
etin levels and response, a in the bone marrow , and
early destruction of red blood cells (Patil et al., 2011),
as well as the toxic effects of CFA that may cause dis-
orders or changes in blood components. This, including
haemoglobin, is associated with developing arthritis and
low iron absorption (Ganna, 2014).

The protective effect of the aqueous extract of dragon

Table 2. Showing biochemical variables in the serum of rats in the five groups

Biochemical Mean+SD

VJm.:xbles Gallic acid Extract collection Positive control Negative control
(Units) (20mglkg) (500mg/kg) (0.1 mI FCA) (D.W.)
f'?gi"/atn‘]’loum 423.6+1.115C 404+1.31b 445.06+1.78D 346.6+1.64A

Hb g/dL 11.6£0.073C 10.30.091b 9.26+0.055D 13.36£0.076A
RF 1U/m 22.04+0.0915C 19.82+0.352b 40.26+0.269D 12.95£0.167A
IL-6 pg/m| 301.7667+1.84475C  287.8667+1.04329b  369.5+1.2463B 48.15+0.6483
MDA pmolll 3.52+0.0051c 2.9+0.0085b 3.97+0.069D 1.8240.0076A

Similar letters (a, b, ¢, and d) refer to the significant differences at (P<0.05); Different letters (a, b, ¢, and d) refer to the non-significant

differences at (P<0.05);

FCA: Freund's Complete Adjuvant, RF: Rheumatoid factor; MDA: Malondialdehyde
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fruit plant (H. undatus) (kg/mg 500), led to a significant
increase (10.3 £0.091 g/dL) at the level of probability
(P < 0.05) in the haemoglobin level when compared
with the positive control group (9.26+ 0.055 g/dL) and
the reason is attributed to the flavonoids found in the
plant are of pharmacological importance against the
new inflammation and on the other hand, stimulating
the production of red blood cells. One study also con-
firmed that the plant contains vitamin C, which can
change the oxidation state by inhibiting the gene ex-
pression of CD40 ligand (CD40L), produced in cases
that cause inflammation and clots (Mohammed et al.,
2017). The Biological effect of Gallic acid led to a signif-
icant increase (11.6+ 0.073 g/dL) at the level of proba-
bility (P < 0.05) in the haemoglobin level when com-
pared with the positive control group (9.26+0.055 g/dL)
and this is due to the ability of gallic acid in inhibiting of
lipid peroxidation and eliminating the free radicals and
its role in lessening oxidative stress (Punithavathi et al.,
2011). Gallic acid affects haemoglobin by inhibiting the
release of free iron from it, binding to the heme mole-
cule in the haemoglobin structure, and maintaining the
membranes of red blood cells (Ramkumar et al., 2014).

Change in the level of rheumatoid factor

The results of Table 2 showed that the induction of
rheumatoid arthritis by CFA in male laboratory rats re-
sulted in a significant increase in the rheumatoid factor
(40.26% 0.269 1U/ml) at a probability level (P < 0.05)
compared to the negative control group (12.95+0.167
IU/ml) in which rheumatoid arthritis did not develop and
the cause of the increase in the rheumatoid factor is
attributed to the response of the immune system
against the pathogenic microorganism (Patel and
Pundarikakshudu, 2016). CFA releases enzymes that
alter the connective tissue significantly, leading to an
immune response in the groups where rheumatoid ar-
thritis was developed (Vetal et al., 2013). Rheumatoid
factor is a clear diagnostic marker that indicates the risk
of developing rheumatoid arthritis (Nell et al., 2005).
The protective effect of the aqueous extract of dragon
fruit (kg/mg500) showed a decrease in the levels of
rheumatoid factor (19.82+ 0.352 [U/ml) at a probability
level (P < 0.05) when compared with the positive con-
trol (0.269 + 40.26). Dragon fruit extract decreased in-
flammatory cytokines such as (INF-a and IL-6)
(Harahap et al., 2018). The protective effect of gallic
acid showed a significant decrease (22.04 +0.0915 U/
ml) at the level of probability (P < 0.05) in the levels of
rheumatoid factor when compared with the positive
control (40.26+0.269 1U/ml). This is because gallic acid
is one of the effective compounds found in plants that
lessen inflammatory cytokines, the level of (INF-a) in
the blood serum, as well as its role in inhibiting the re-
lease of (interleukin-2 and interleukin-4) (IL-2 and IL-4)

from lymphocytes (Rathi et al., 2013).

Change in interleukin-6 levels

The results of Table 2 showed that the induction of
rheumatoid arthritis in the positive control of male labor-
atory rats through using CFA led to a significant in-
crease (369.503+1.2463 pg/ml) at the level of probabil-
ity (P < 0.05) in the levels of interleukin-6 when com-
pared with the control negative group (48.15+ 0.6483
pg/ml), in which rheumatoid arthritis did not change.
Maybe it is the reason for this is attributed to an in-
crease in responsible or pro-inflammatory cytokines
such as (TNF-a), as well as (IL-1b and IL-6), which it
leads to an increase in the exacerbation of inflamma-
tion, as it was observed when the substance (CFA) was
used, which led to a significant increase in these cyto-
kines that are responsible for inflammation in rat (Singh
and Vinayak, 2015). The protective and Biological
effect of the aqueous extract of the dragon fruit plant
(kg/mg 500) showed a significant decrease (287.8667+
1.04329 pg/ml) in interleukin-6 levels at a level of prob-
ability (P < 0.05) when compared with the positive con-
trol group (369.503+ 1.2463 pg/ml), and the reason for
this is because of some natural compounds found in
the plant at a high percentage such as (sesquiterpene)
that are present in the peels, which is regarded one of
the compounds with antioxidant and anti-inflammatory
properties through its effects on COX enzymes, or its
effect on the mechanism of activation or deactivation of
some inflammatory mediators such as histamine, inter-
leukins, and prostaglandins (Eldeen et al., 2016). The
protective and biological effect of Gallic acid showed a
low significance (301.7667+ 1.84475 pg/ml) in the lev-
els of interleukin-6 at the level of probability (P < 0.05)
when compared with the positive control (369.503+
1.2463 pg/ml), and the reason for this is attributed to
the fact that gallic acid can induces programmed cell
death in patients with rheumatoid arthritis it also ,inhibit
inflammatory cytokines as IL-6 in fibroblast-like synovial
cells, (Yoon et al., 2013).

Change in malondialdehyde (MDA) levels

The results of Table 2 indicated that the induction of
rheumatoid arthritis by CFA in rats causes a significant
increase (3.97 +0.069 pmol/l) at a potential level (P <
0.05) in MDA compared with the negative control group
(1.82 £0.0076 pmol/l ) Rheumatoid arthritis did not
develop, and this is due to the increase in oxidative
stress which is chemical reactions that lead to an im-
balance between each of the antioxidants and oxidants
and thus, what is known as occurs, and (ROS) leads to
damage to biological molecules and the occurrence of
many inflammatory diseases such as arthritis rheuma-
toid arthritis and vascular infections (Rochette et al.,
2014). The protective effect of the aqueous extract of
dragon fruit (kg/mg 500) showed a significant decrease
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(2.9 £0.0085 pmol/l) at the level of probability (P <
0.05) in malonaldehyde levels when compared with the
positive control (3.97+ 0.069 umol/l), and the reason
for this is attributed to the extract of the dragon fruit
plant is a source of many natural antioxidants such as
ascorbic acid (Machha et al., 2007), as well as the an-
thocyanin compound, which is one of the flavonoids
found in the plant, which improves the performance of
the mitochondrial function by lessening free radicals, as
a pigment that binds quickly with metal ions, which It is
a stable compound (metallic anthocyanin) that in turn
suppresses the toxic effect of free radicals (Machha et
al., 2007). The effect of gallic acid showed a significant
decrease (3.52+ 0.0051 pmol/l) at the level of probabil-
ity (P < 0.05) in malonaldehyde levels when compared
with the positive control (3.97+ 0.069 pmol/l) due to the
ability of gallic acid to remove free radicals, and it was
also found that gallic acid has significant effects con-
cerning the activity of antioxidant enzymes (Karimi-
Khouzani et al., 2017), as gallic acid works to eliminate
oxidative stress, and changes the balance between
oxidants and antioxidants, thus lessening malonalde-
hyde levels (Nouri et al., 2021).

Histological changes in the liver

The liver in the negative control group comprised polyg-
onally shaped hepatocyte cords with a centrally posi-
tioned spherical nucleus. These cell cords are arranged
around a central vein, with sinusoids separating them
(Fig. 1). On the other hand, the liver tissue from the
positive control group seemed to have histological ab-
normalities, such as necrosis and degeneration in
some liver cells. Along with the infiltration of certain
inflammatory cells close to the central vein, congestion
was also observed in the central vein (Fig. 2). The liver
texture is nearly normal in the third group, with slight
sinus dilatation and congestion in the central vein (Fig.
3). The fourth group's liver tissue revealed more severe
histological lesions than the second groups, including
increased sinus growth, congestion in the central vein,
increased inflammatory cells infiltrating the tissue, and
a rise in Kupfer cells (Fig. 4).

Liver dysfunction is caused by hepatotoxicity, and nu-
merous drugs or Hepatocyte death is involved in most
types of acute and chronic liver disorders, being an
important factor in disease progression. Although it is
necessary for the elimination of infected cells as a re-
sult of disease, it also occurs as a result of lack of re-
sistance to oxidative stress, liver fibrosis, and hepato-
cyte necrosis( Conde de. et al., 2022). The production
of reactive oxygen species after administration of the
substance is the cause of RF. It is the primary factor
that contributes to liver damage.

Free hydroxyl radicals (OH) are released when many
Chemicals (such as those used to induce disease in
laboratory rats) is taken. These radicals can break

down DNA and other essential components of the cell,
including membranes and cell walls (Vincenzi et al.,
2016). The present study's findings demonstrated sev-
eral histological alterations, including structural ones,
degenerative, necrotic, inflammatory, vascular, and
modifications to the constituents of liver tissue in the
study groups.

Phenolic components found in plant extracts can
strengthen the defense mechanism of the antibody ,
oxidative action resulting from the accumulation of free
radicals is caused by compounds containing groups
called aromatic rings and hydroxyl groups, which can
donate an electron to free radicals and neutralize them,
In addition, the Oxidative action is the process of
searching for and suppressing or eliminating free radi-
cals to prevent or reduce stress in large biological mol-
ecules, including DNA, lipids, and proteins (Finocchiaro
et al.,, 2021). Some studies have shown the effect of
natural materials on the liver organ, including an in-
crease in oxygen consumption, a decrease in glucone-
ogenesis, an increase in carbohydrate metabolism, and
a decrease in the metabolism of biologically active sub-
stances. Activated inflammatory cells also lead to the
production of types of free radicals in rheumatoid arthri-
tis, which leads to tissue damage resulting from in-
creased synthesis of oxidized fats and prostaglandins,
and this is evidenced by the results of an increased
level of MDA, IL-6, which causes tissue membrane
damage through the interaction of oxygen with acids.
Polyunsaturated fatty acids (PUFAs) are found in the
phospholipids of living cell membranes (Lad and
Bhatnagar,2017).Additionally, the research discovered
that giving the amino acids glycine and taurine consid-
erably lowers the vital indications of harm caused by
oxidative stress in the liver. (Heidari etal., 2016). In
addition, polyphenolic compounds, including gallic acid
and other plant flavonoids, have antioxidant properties
and have a strong activity in eliminating radicals, which
can interact with free radicals and ultimately end the
radical chain reactions. Here, the ability of phenols and
flavonoids appears to reduce oxidative stress in the
liver of rats suffering from inflammation in rheumatoid
joints (Sukketsiri et al.2016).

Histological changes in the kidney

The kidney's histological structure in the negative con-
trol group is shown in Fig. 5. It shows the typical config-
uration of kidney tissue, which is made up of proximal
and distal convoluted tubules, interstitial tissue that
links these parts, and glomeruli encircled by Bowman's
capsule. The kidney tissue in the positive control group
showed histological abnormalities, including dilatation
of Bowman's capsule, necrosis and vacuolar degenera-
tion in the epithelial cells lining the urry tubules, and
atrophy in some glomeruli (Fig. 6). Compared to the
previous group, the kidney tissue in the third group had
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Fig. 1. Histological section of a rat liver from the negative
control group showing the normal histological features of the
liver tissue represented by hepatocytes (H), central vein
(CV) and sinusoids (S). Hematoxylin and e

Sl -

0sin X400 stain
: ) 7L

3

Fig. 3. Histological section of a rat liver from the group
treated with aqueous extract Kg/mgb00 showing the nor-
mal composition of hepatocytes (H) and sinusoids (S) with
the existence of central vein congestion (C) stained by
hematoxylin and eosin X400

smaller severe histopathological lesions. These includ-
ed Bowman's capsule dilatation, atrophy in some glo-
meruli, and vacuolar degeneration in the urinary tubule
epithelial cells (Fig. 7). Histological lesions in the fourth
group included dilation of Bowman's capsule and the
appearance of a split in the glomerulus. Some urinary
tubules had swollen epithelial cells (Fig. 8).

The changes in kidney tissue (Fig.6) may be because
rheumatoid arthritis is considered a chronic inflammato-
ry disease and is characterized by tissue changes dur-
ing the disease. It is a systemic disorder that primarily
affects the joints but also affects the kidneys in a way
that is of clinical importance because it leads to a wors-
ening of the symptoms of the disease and its progres-
sion to the occurrence of death, including kidney infec-
tions when rheumatoid arthritis occurs, including sec-
ondary amyloidosis, and rheumatoid nephropathy as a
type of spread of the disease outside the joint when
compared (Fig.5). Balendran et al. (2017) also found

the positive con-
trol group, showing degeneration (D) and necrosis (N) of
hepatocytes, congestion of the central vein (C) and infiltration

Fig. 4. Histological section of a rat liver from the group
treated with Gallic acid, showing the existing of congestion
of hepatic sinusoids (A), infiltration of inflammatory cells
(B), an increase in the number of kupfer cells (arrow), and
the existing of binuclear hepatocytes (C). Hematoxylin and
eosin stain 400X

that rheumatoid arthritis patients who did not begin
drug treatment excreted six times more of the enzyme
B-N-acetyl glycosaminidase in the urine when com-
pared to healthy controls. It is demonstrated that the
lysosomal enzyme is found in clear concentration in
mammalian cells and higher concentrations in renal
parenchymal cells, indicating that rheumatoid arthritis
damages the kidneys (Keiteh and John , 2021). The
effect of the disease on the joints of induced laboratory
rats is shown in Fig. 6. On the other hand, the results of
histological sections of rats treated with plant extracts
indicate the role of the plant extracts containing phenol-
ic compounds also show an effect on affected kidney
tissue (Fig.7), which may be attributed to their anti-
inflammatory and immune-regulating effect. One of the
previous experiments indicated the role of phenolic
compounds, which may prevent the formation of blood
vessels and reduce inflammation in animal tissue af-
fected by arthritis (Rosa et al., 2021). As shown in Fig.
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Fig. 5. Histological section of a rat kidney from the nega-
tive control group showing normal histological features
represented by renal glomeruli (G) surrounded regularly by
renal proximal tubules (PT) and distal renal tubules (DT).
Hematoxylin and eosin 400X stain

) ! - .
Fig.7. Histological section of a rat kidney from the group
treated with aqueous extract Kg/mg 500, showing the atro-
phy in the glomeruli (A), dilatation in the Bowman's capsule
(D), and vacuolar degeneration in the epithelium cell of the
renal tubular (VD). Hematoxylin and eosin X100 stain

8, the effect of callic acid on kidney tissue may be be-
cause callic acid is one of the phenolic compounds that
is rapidly and globally distributed in all tissues. Perhaps
the kidney is the main metabolic organ, with the highest
percentage mechanisms of callic acid metabolism and
excretion, followed by the heart, liver, spleen, and
lung. Callic acid was demonstrated to reduce inflamma-
tory responses mighty therapeutic pro-inflammatory
such as nitrite, NO, PGE2 and IL-6. Moreover, it also
helps induce the apoptotic process by enhancing the
expression of Caspase-3, Bax, and p53 proteins and
improves the inflammatory response by reducing the
release of IL-6 and COX-2 and the regulation metabo-
lism and energy balance of intracellular pro-
inflammatory such as nitrite, NO, PGE2 and IL-6.
Moreover, it helps to induce the inflammatory response,
promote programmed cell death, reduce inflammation,
balance energy levels and regulate nutritional metabo-

control group, showing the presence of atrophy of the re-
nal glomeruli (A), expansion of Bowman's capsule (D),
vacuolar degeneration (VD), and necrosis (N) of the epi-
thelial cells lining the renal tubules. Hematoxylin and eosin
X400

stain

treated with Gallic acid, showing the fragmentation in the
glomeruli and dilatation in the Bowman's capsule (D), cel-
lular swelling in the epithelium cell of the renal tubular
(VD). Hematoxylin and eosin stain, 400X

lism (Jinrong, 2021). This demonstrates the effect of
gallic acid treatment in laboratory mice. Finally, gamma
acid comes from most common fruits and widespread
plants. Calic acid is considered one of the metabolites
of natural plants and has a vital anti-inflammatory effect
on cancerous tumors, neurological diseases, and dis-
eases of the digestive and skeletal systems, including
joints, vertebrae, and others that can be studied in the
future; in addition to studying the pharmacodynamic
mechanisms of GA and compare it with medical drugs.

Conclusion

The present study concluded that CFA caused chronic
arthritis, like human rheumatoid arthritis. The aqueous
extract of the dragon fruit plant, H. undatus comprised
many active compounds. The development of rheuma-
toid arthritis caused changes in the histological and
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biochemical parameters of Swiss albino male rats. The
isolated active compounds of Gallic acid improved
rheumatoid arthritis by the rheumatoid factor. Also, The
presence of phenolic compounds and flavonoids in the
plant extract had a positive relationship with antioxidant
activities, Significantly reducing the effects of oxidative
stress on the liver and kidneys in favour of reducing
oxidative stress resulting from arthritis caused by FCA
by enhancing the antioxidant defense within cells, This
is useful in developing of pharmaceuticals to treat ar-
thritis, plant extracts can also be used medically due to
their ease of availability, lack of side effects, and low cost
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