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Abstract:

This study aimed to evaluate the potential activfypersimmon
fruit juice (PFJ) against rheumatoid arthri(RA). The study conducted on
35 female albino (Sprague-Dawley) rats weighindd@l0g)were randomly
divided into five groups(7each) fed on basal dret first group was the
control negative and four other groups were injusgth 1ml/kg of Freund's
complete adjuvant into the left hind knee joint/Adays to induce RA. They
were re-divided as follows: groug2rved as the control positive group and
the three other groups were treated with diffecoges of PFJ (low)1ml,
(high)2ml/kg bw and drugs Diclofenac sodium(DS)1Ckag bw,
respectively. The experiment lasted for 28 days. The chemicalltes
displayed that the persimmon fruit had a high aointef fiber, total
phenolic, ascorbic acid content and antioxidantiviigt While, the
biological results revealed that the all treatedugs bylow, high doses of
PFJ and DS) showeda significant decrease in paw volume as well as
improved biochemical and hematological analyse$ stscwhite blood cell
count, erythrocyte sedimentation rate, C-reactiatgin, rheumatoid factor,
malondialdehyde, interleukin(IL)-6 and tumors neso factor(TNF)e
levels. While showed a significant increase in bedsight, hemoglobin
level, red blood cell count, and antioxidant enzgma joint tissue.
Histological examination of joints tissue confirmetthe results of
biochemical analyzes of blood. It can be recommeéntat the necessity
consumption of persimmon fruit juice in the diefspgoples exposed to
rheumatoid arthritis, because of their anti-rhewaat arthritis and
antioxidants properties, and that play importate of health status.

Keywords: Diospyros kaki; Diclofenac Sodium; Rheumatoid hatis;
Joints tissue and Experimental animals.
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Introduction

Rheumatoid arthritis (RA) is a clinical example af autoimmune
disorder induced by several factors. The globalvadence of RA is
documented to be between 0.5 and @ton and Carmona, 2019) It is
most common in individuals within 25 and 55 old .agke incidence of RA
in women more than men by three tinfteroni et al., 201§. This disease
initially injured the smaller joints, manifesting @rosive and destructive
polyarthritis (Ben et al., 2023. In animal models of arthritis, pro-
inflammatory cytokines, such as (Il3,1IL-6, and TNFe) are conducted in
all stages of the disease's pathogenesis, involttreg development of
autoimmunity, the preservation of a persistentflammatory synovitis, and
the deterioration of joint tissue next to the afiéecjoint. Therefore, the
immune-regulatory and tissue-destructive mechaniginaé underlie the
development and clinical manifestation of rheunthtothritis are combined
by cytokines Andreev et al., 2022).

Complete Freund's adjuvant (CFA) has been linkedsdveral
inflammatory responses. Where it causes injectfd@FA to the footpad of
rats causes inflammation of the skin that confirrbgdedness and swilling
appear quickly 2 hours and peaks between 6 or BliNasuti et al., 2019)
Erythrocyte sedimentation rate (ESR), blood nedtilppand leukocyte
counts start to increase on the fourth day follgv@FA injection, and this
first inflammation lasts for three to four days.fédw weeks after the CFA
injection, there is a subsequent development omadand hyperalgesia in
the ankle as a result of considerable synovialnginiexpansion and
neutrophil infiltration(Luo et al., 2020)

Diclofenac sodium (DS) is a well-known non-sterdidanti-
inflammatory drug (NSAID) with analgesic, antipyogt and anti-
inflammatory propertiegOrabi et al., 2020) Long-term DS use can have
serious adverse effects on heart and kidiyarte et al., 2019) Because
of the limitations of these novel therapies and iciads, it is critical to
develop natural products for the treatment of RA.
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Persimmon fruitiospyros kaki) (PF) is an edible fruit that belongs
to Ebenacea family with a sweet/ slightly tangy taste and @ibs to the soft
texture. It is rich in vitamins, fibre, carbs, miaks, phenolic compounds
and proteins(Matheus et al., 2020) Its high levels of polyphenols,
carotenoids, ascorbic acid, and tannins suggestgerof health advantages.
One trait that distinguishes the persimmon fromenptfruits is its high
proanthocyanidins concentration, known as persimtaonin (PT)(Wang
et al., 2023) Both the fruit and the leaves of the PF have beported to
have significant biological significance, includirntioxidant and anti-
inflammatory properties, protection against rheumaharthritis, cholesterol
reduction, and resistance to free radiq&srrara, 2021) Therefore, this
study was carried out to evaluate the potentiaviagtof persimmon fruit
juice compared with Diclofenac sodium drug agarhsumatoid arthritis in
female rats.

Materials and methods
Materials

Fruits: Ripe mature seedless persimmaddio§pyros kaki) were
brought from local markets in Port Said, Egypt s €nd of September
2023. The fruit had red-orange color, sphericalpshavith an average
weight 150-170 gm. per fruit.

Chemicals: Basal diet, casein, cellulose, vitamins and misera
were purchased from the General Company for Comenand Chemicals,
(Cairo, Egypt). Diclofenac sodium (Voltaren®
SR 100 mgand CFA were acquired from Merck Company, (Cairgy[).

Kits: for biochemical estimations were provided from Gahnade
Company, (Cairo, Egypt).

Rats: 35 adult female (Sprague-Dawley) albino rats (weighl70
+10g) were bought from the National Research Cengarimal house in
Giza, Egypt.
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Methods
Preparation of Persimmon juice

Fresh, spotless, and seedless date plum persimmengschosen,
and the leaves were manually removed and washdd dsithkable water.
There is no need to remove the fruit skin to aagtive pulp for the juice
preparation; the ripe fruits (100 g) were combined in a food blender with
1000 ml distilled water for 10 minutes and filterglough a sieve to yield
fruit juices at a concentration of 10%. To preveistoloration, a solution of
citric acid (0.1%) was added to the strained pudfote filling sterilized
glass bottles. The juice was kept refrigerated&t@ until it was used.

Chemical investigations

Moisture, protein, fat, ash, and crude fibre weneasured in
accordance withA.O.A.C (2010) By using the differential, total
carbohydrates were computed.

Total phenolic content (TPC) and Total flavonoids ontent
(TFC): The Folin-Ciocalteu by method &ligueira et al., (2014)was used
to determinate phenolic compounds. Gallic acid \emants dry weight
extract (mg GAE/g DW) was used to express the t&s0bm and Hisil,
(2010) method were used to ascertain the total flavoramdtents. The
results were given in mg of catechin equivalentg/(®&) per 100 g of
persimmon.

Ascorbic acid content

The ascorbic acid concentration of the sample wasrtained using
a spectrometric method with certain adjustmenteasribed byigueira et
al.,, (2014) Its content was stated in mg of ascorbic acid ped g
persimmon.

Determination of Antioxidant Activity

The antioxidant activity was measured spectrophetaoally using
the DPPH free radical scavenging capagitgddouchi et al., 2014)

{ 6 )
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Determination of Phenolic andFlavonoid by HPLC

HPLC was used to determine the phenolic and flaxbno
components in fresh persimmons using the methodsl@@ed byGoupy et
al., (1999) and Mattilaet al., (2000)respectively.

Induction of rheumatoid arthritis

RA was generated in rats by injecting 1ml/kg of CHigshly
prepared with saline intraperitoneally into thd lehd paw, as described by
Khaled et al., (2022)

Biological Experiment

Ethical approval: the study was started after approved fribra research
Ethics Committee of Nursing Faculty of Port Saiduénsity, code number:
NUR (3-12-2023) (32).

After a week of acclimation in the animal housee ttats were
randomly allocated into five groups. Group (I): £id) the rats fed a basal
diet according tqReeveset al., 1993) which served as a negative control
group. Four other groups: (n=28) were fed basdl al injected with 1
mL/kg of CFA into the left hind knee joint for indtion of RA (Khaled et
al., 2022) RA was developed at"tay after a CFA injection. By the end of
the induction period (7 days), all of the rats ladjuired RA symptoms
such as edema, redness, stiffness, and troublengweints. From days 8
after CFA-induced RA rats divided into 4 equal greu7 rats each) as
following: group (2) served as a positive contasid the three other groups
were given oral doses of PFJ (low); 1ml/kg bw, (high); 2ml/kg bw at 10%
concentration and Diclofenac sodium at 10 mg/kg ibwD.5% dimethyl
sulfoxide as standard drug, respectiveyazragi and Baeissa, 2023jor
21 days.

For 21 days (from the'8to the 28' day), all animals were given the
prescribed doses of juice orally or stander drug.

After the experiment was completed, blood samiptas the orbital
plexus were collected followed by centrifugatior8800 rpm to extract the
sera, which were then stored in at -80°C until tiveye used for analyses.

R
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Biological Evaluation

The amount of food intake (FI) was recorded dailiile rat's
weight was measured once a week to identify tha gabody weight. In
according toChapman et al., (1959) body weight growth (BWG %) and
feed efficiency ratio (FER) are calculated using fibllowing equation:

Final body weight — Initial body weight

BWGY% = = 100
% [nitial body weight

ight Gain (g)
FER = weig ]
Feed intake (g)

Measurements of the volume of the Paw:

The volume of the hind paw was measured using atatig
plethysmometer before CFA administration on dayd then every 7 days
for the next 28 day§Alzarea et al., 2022)

Biochemical analysis

Complete blood count (CBC): Haemoglobin (Hb) aneitdtocrite
(Hct) were measured depending on the methodlildtt, (1990) and Bain
et al., (2016) Red blood cells (RBC) and white blood cells (WB@re
estimated according to the methdéischbach, (2015) Erythrocyte
sedimentation rate(ESR) was determined according WMestergren,
(1957) C-reactive protein (CRP) was evaluated usingntie¢hod ofVoila
et al., (1981)and Rheumatoid Factor (RF) was obtained usingnisiod of
Johnson and Faulk, (1976) For assessing lipid peroxidation, the plasma
level of Malondialdehyde (MDA) was determined acliog toDraper and
Hadley, (1990) Superoxide dismutase (SOD) activity was assessed
according toSpitz and Oberley, (1989) Catalase (CAT) was measured
according to previous method &ebi, (1984) Glutathione peroxidase
(GP) were measured method Moin, (1986) Pro-inflammatory cytokine
(IL-6 and TNFa) were evaluated using a commercially available kit
accordance the instructions of the manufacturery (Raotech, Inc.,
Norcross, GA)Tran et al., 2023)

{ 8 )
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Histopathology of left hind limb joint

Histopathological analysis was conducted as desdriiy Patel et
al., (2021)procedure. The joints of the rats' left hind limere detached
and immersed in formaldehyde (10%) for 24 hourshyideated formalin-
fixed tissue was embedded in paraffin wax, sectcete5 mm, and stained
with hematoxylin and eosin (H&E). A light microsepwvas used to
examine histopathological changes.

Statistical analysis

The data were expressed as mean £SE, and theediffebetween
means was examined using One-way ANOVA followed ayost hoc
(Tukey's) test. The difference in values was careid statistically
significant at (< 0.05).(Armitage and Berry, 1987)

Results and Discussion

The chemical composition of 100 g of edible patspmmon was
shown inTable (1). The moisture, carbohydrates, crude fiber, andnasie
significantly (p<0.05) high in fresh persimmon represent as (64.6834,9
%, 3.6% and 2.35% respectively).The results shqueesimmon fruit is full
of nutritious substances which were in line wkh Makhzangy et al.,
(2023) andAhmad et al., (2022) The quantities of these contents were also
close to the findings of other researchers.

Table (1): Chemical composition of persimmon (100g)f the edible part

Nutrients Crude Crude Fat| Ash Carb. Moisture Crude
Protein Fiber
Fresh Persimmon  0.76 0.42 2.35| 18.19 74.68 3.6

Each value represents the mean of three replicates.

The present work revealed that the fresh persimfnom had a
significant quantity of the total phenols conterasw298.03 mg/GAG, while
the total flavonoid content was 225 mg/CE. Thoutite ascorbic acid
content was 17.95 mg/AA, while, antioxidant acgrwtas 80.50 DPPH %
as shown inTable (2) These findings correspond with those BF
Makhzangy et al., (2023)who discovered that persimmon fruit is a great
C 9D
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source of antioxidantHu et al., (2022) observed that the microwave
hydrothermal extraction (MHE) processed persimmane] had the most
total phenolics, total flavonoids, and antioxidawtivity. Similar, Silva et

al., (2021)observed that the juice made via freeze conceotrantained a
high concentration of phenolic components and amant activity.
FurthermoreMochida et al., (2022) and Direitoet al., (2020)showed that
ascorbic acid concentrations in persimmon extraciged from 0.68 to
1.129 mg/100g iiospyros kaki is a good source of ascorbic, which is also
in accordance with the current results.

Table (2): Total phenolic compounds and ascorbic &t content
of persimmon fruit

—
Sample .
Fresh Persimmon
Parameters

Total phenols (mMg/GAG) 298.03
Total flavonoids (mg/CE) 225

Ascorbic acid content (mg /AA) 17.95
Antioxidant activity (DPPH %) 80.50

Each value represents the mean of three replicates
GAE: gallic acid equivalent; CE: Catechin equivége AA, ascorbic acid.

Tabulated data iTable (3) presented the types and concentrations
of phenolic and flavonoid compounds in fresh pemson. From this table,
it was eleven phenolic compounds; Pyrogallol it wasand in higher
concentration (1835ppm) followed by catechol (88@%) and benzoic acid
(50.50ppm) in decreasing orders. Tyro sol recordedthe lowest value
(3.34ppm) of the all detected phenolic compoundsesgé findings are
consistent with those obtained Wyl Makhzangy et al., (2023) Also,
Direito et al., (2019)found to be gallic acid was the most plentiful pbiec
compound in an aqueous persimmon fruit extract.aRigg, the flavonoid
compounds that presented in abundance were, Hdspefuercetrin,
Luteolin, Narengin and Rutin in decreasing ordessiRarinic acid was the
lowest value of flavonoids (47.30 u/100g). Our fessare compatible with

{ 10 )
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El Makhzangy et al., (2023) All these components are useful to human
health because of their potential to prevent otroba variety of ailments.

Table (3): Types of phenolic and flavonoid compourslin fresh

persimmon
Phenolic acids (ppm) | Flavonoid compounds (u/ 100g)
Gallic acid 5.93 Luteolin 559.40
Pyrogallol 1835 Narengin 534.70
4-Amino benzoic 4.78 Rutin 104.40
Tyrosol 3.34 Rosmarinic 47.30
Chlorogenic acid 43.20
Catechol 83.35 Hesperidin 2699
Caffein 49.29
Caffeic acid 43.73 Hispertin 57.64
Vanillic 28.82
Ferulic acid 27.45 Quercetrin 816.60
Benzoic 50.50

Each value represents the mean of three replicates

Table (4) showed the effects of PFJ (low, high) and Diclotena
sodium (DS) on paw volume (PV) in rheumatoid atihriemale rats. PV
increased in all rats except the control negatireug when measured on
day 7. CFA administration caused alterations is sfch as paw oedema,
paw swelling, weight loss, biochemical and histbpaigical abnormalities,
indicating the development of inflammatiddanen et al., (2022)reported
that CFA-induced arthritic rat is the most exteegiwused animal model for
RA because it closely resembles the characterisfidsuman RA. These
findings are matched withlzarea et al., (2022) and Nohet al., (2021)
whom demonstrated that CFA caused paw edema, dsnedd by 2-3-fold
higher paw volume. On the other hand, administeratidoses of PFJ (low,
high), and standard drug (DS), attenuated the Pallitested periods. The
maximum decrease PV was observed on dd} @Bmpared to the RA
control. These results indicated that high doseBFaf had a higher on PV

C 11 )
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impact than low-dose, and the outcomes were pramic@mpared to drug
DS. This could be due to persimmon's significantoardant properties and
its anti-inflammatory effects. These findings arensistent with those
obtained byDireito et al., (2020) and Direitoet al., (2019)who discovered
a reduction in edema volume induced by arthritiserafconsuming
persimmon extract. In additiodanen et al., (2022) andTriastuti et al.,
(2021), demonstrated that DS dramatically reduced paw oadem
comparison to the RA groups.

Table (4): Effect Persimmon fruit juice (PFJ)on paw volume incontrol
(-ve) and rheumatoid arthritis female rat groups

Groups Paw volume (ml)
Day 0 Day 7 Day 14 Day 21 Day 28
Control (-ve) 0.15+0.04 | 0.15+0.01 | 0.16 +0.028 | 0.13+0.0f | 0.14+0.02
Control (+ve) CFA | 0.13+0.04 | 1.04 +0.27 | 0.78+0.04 | 0.86+0.03 | 0.83+0.03
CFA+PFJ (low) 0.1620.04 | 1.08 +0.04 | 0.85+0.04 | 0.40+0.02 | 0.39+0.03
CFA+PFJ (high) 0.17+0.08° | 0.98 +0.04 | 0.89+0.04 | 0.39+0.02 | 0.21+0.08
CFA + Diclofenac 0.18+0.05 | 1.04+0.08 | 0.88 +0.04 | 0.41+0.08 | 0.29 +0.08

Results are expressed as mean = SE. Values irceghn which have different

letters are significantly different at<P.05).

The data inTable (5) demonstrate the changes in body weight, food
intake (FI), and feed efficiency ratio (FER) of Rats. The rats that were
injection of CFA showed substantial body weightsl¢ggBW) and (BWG)
compared to negative control with significant difiece although FI in both
CFA groups and normal rats was near. During thdysperiod, water and
food consumption were normal, indicating normal teirg lipid, and
carbohydrate metabolism within the bo@hang et al., 2022) One of the
evaluation factors in RA progression is body weigmdnge(Manen et al.,
2022) These findings are consistent wilzarea et al., (2022) and Nolet

al., (2021)observed thaCFA injection reduced body weight in rats when

compared to the negative control. Furthermore, ®RKknked to a decrease of

lean body massNasuti et al., 2019)Contrarily, treatment with PFJ at low

or high dosages and DS considerably (p<0.05) ingatdwody weight and
C 10
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alleviated RA, with better results observed at higises of PFJ, due to
attribute to PFJ’s high phenolic and flavonoid comgnts. These findings
agree withMochida et al., (2022)found that the after being given dried
persimmon increased the BW and food intake of desbrats Similarly, Ali

et al., (2020) andEl-Tour and El-Wahsh (2019) found that significant
increase in BWG, FI, and EFR were seen in ratsngpersimmon fruits.
Furthermore, it is worth noting that CFA+ Diclofengroup had the highest
FI and FER value when compared to the negativera@lordising DS as an
anti-inflammatory medicine normalizes absorptioestoring body weight
(Alazragi, and Baeissa, 2023)Similar, Manan et al., (2022)demonstrate
that treatment with the standard drug (DS) restdpedy weight and
improved nutrition absorption in comparison to CE@Antrol rats, while
alleviating the suffering caused by RA.

Table (5): Effect of Persimmon fruit juice (PFJ) on BWG%, FI and
FER in control (-ve) and rheumatoid arthritis female rat groups

T arameters IBW FBW BWG Fl FER
Groups (9) (9) % (g/day)

Control (-ve) 175.07+1.50 | 194.53+1.28 | 11.12+1.17 | 15.00 0.046+0.0%3
Control (+ve) CFA | 169.53+1.60 | 167.22+1.09 | -1.36+1.32 | 12.50 | -0.007+0.05
CFA+PFJ (low) 170.13+1.10 | 178.97+1.2% | 5.20+1.18 | 13.00 0.024+0.0%4
CFA+PFJ (high) | 172.70+1.20 | 183.96+1.08° | 6.52+1.12 | 13.60 0.030+0.05
CFA +Diclofenac | 174.32+0.78 | 190.87+2.19 | 9.49+1.8% | 14.50 0.041+0.01

Initial body weight (IBW), Final body weight (FBWBody weight
gain (BWG%) ,food intake (FI) and feed efficien&io (FER). Results are
expressed as mean = SE. Values in each column \bih different letters
are significantly different at (9.05).

The data in th&able (6) demonstrated the impact of persimmon
fruit juice (PFJ) on the hematological parametdr®A female rats. CFA-
induced rheumatoid arthritis causes anemia, asergat by significantly
(p<0.05) lower Hb, HCT, and RBC counts, while incregsWBC count
and ESR in comparison with the negative controligralue to hyperactive
immune system(Narendhirakannan and Limmy, 2012) Anemia, a

{ 13 )
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significant clinical characteristic of RA, may belated to reduce iron
storage in the reticuloendothelial system after Rz et al., 2020) In
addition, ESR and inflammatory markers are alsacatdrs of rheumatoid
activity. An increase in all of these measures fiewithe onset of RA
(Manan et al., 2022) These findings are agreed whAlrarea et al., (2022)
and Akhtar et al., (2022) whom showed that administration of CFA
decreased hemoglobin levels and RBC counts whieeased of the WBC
count and ESR in comparison with the negative cbgtoup.

Contrarily, treatment with PFJ at low or high dgsasd standard
drug DS significantly (§0.05) had reversed the hematological changes
induced by CFA in rats and improved Hb, HCT levelsd RBCs, led to
inhibit the onset of anemia. The highest doses @} Bnd DS had the
greatest inhibition imbnormal alterations in hematological and biochainic
indicators (Table 6). As a result of its anti-imflnatory properties, PFJ may
be a safer choice in this regard. These findingscansistent wittiKashif et
al., (2017) and Yaqubet al., (2016)reported that persimmon has been
found to be useful in reducing inflammation and réasing blood
circulation throughout the body, because of its nolie compounds
(particularly tannins), carotenoids, and vitaminT®e current findings are
consistent withManan et al., (2022) and Akhtaret al., (2022)indicated
that DS administration at 10 mg/kg oral dose carsidly changed
hematological parameters, and led to inhibit theebof anemia.

Table (6): Effect of Persimmon fruit juice (PFJ)on some hematological
parameters in control (-ve) and rheumatoid arthritis female rat groups

w Hb HCT RBCs WBCs ESR

Groups (g/dL) (%) (10°%mm3 | (A0¥mm® | (mm/hr)
Control (-ve) 16.05+0.50 | 40.86+0.15 | 9.04+0.0% | 5.01+0.08 | 4.46+0.43
Control (+ve) CFA | 9.67+0.58 | 25.07+0.33 | 4.22+0.06 | 9.86+0.03 | 9.77+0.40
CFA+PFJ (low) 12.74+0.48 | 30.54+0.25 | 6.35+0.09 | 7.10+0.08 | 6.51+0.28
CFA+PFJ (high) 14.46+0.28 | 34.76+0.2% | 7.67+0.04 | 6.54+0.05 | 5.04+0.27
CFA +Diclofenac 14.83+0.22 | 36.47+0.20 | 7.98+0.08 | 6.03+0.04 | 4.59+0.60

C 14)
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Hemoglobin (Hb), Hematocrit (HCT), red blood cdRECs), white
blood cells (WBCs) and Erythrocyte SedimentationteREvels (ESR).
Results are expressed as mean + \&ues in each column which have
different letters are significantly different at<05).

Table (7) showed the effects of PFJ (low, high) and DS o GRd
RF in rheumatoid arthritis female rats. IncreaseC&fP and RF values
above normally indicate active inflammation and Bévelopment in CFA
groups. The high levels of CRP and RF are assakiaith elevated levels
of IL-6 and TNFe which contribute to the acceleration of synovdisd
tissue injury, which were line with the findings Hissain et al., (2021)
observed that a significant elevate CRP and RFI leveCFA-induced
arthritic groups. CRP is an indicator of inflamnoatiand tissue damage
throughout the body. It is a reactive protein tisagenerated by the liver
stimulated IL-6 and TNk in response to infection, damage, and
inflammation (Kalaiselvan and Rasool, 2016) In addition, the
measurement of RF in serum is one of the most weditablished
biomarkers for assessing the severity of @Alwar et al., 2011)

Contrarily, treatment with PFJ at low or high dgsesd DS,
significantly reduced CRP and RF levels@@5) as compared to the CFA
group.These findings revealed that high dosages of Rfhlyhsignificance
in the improvement CRP and RF levels than low dosé&btar et al.,
(2022) and Manan et al., (2022)showed that cytokines such as IL-6 and
TNF-a, regulate growth of CRP and RF concentrationssé&limdings were
agreed withDireito et al., (2020)and Zou et al., (2014)observed that
persimmon administration reduce of CRP and redee inflammation
associated with RA. Furthermordlanan et al., (2022) showed that
standard drug (DS) reduced the level of CRP andnRiffoups treated by
formaldehyde injection. Similarlyjussainet al., (2021) and Daranmet al.,
(2021)disclosed that DS reduced CRP and RF levels imigecthats.
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Table (7): Effect of Persimmon fruit juice (PFJ) on rheumatoid
arthritis markers (CRP and RF) levels in control (ve) and rheumatoid
arthritis female rat groups

—
Parameters CRP RF

Groups (mg/L) (IU/mL)
Control (-ve) 12.75+1.30 10.18+0.48
Control (+ve) CFA 21.34+2.72 22.9+1.48
CFA+PFJ (low) 16.32+0.34 15.02+0.23
CFA+PFJ (high) 10.54+0.72 13.06+0.23
CFA +Diclofenac 7.54+0.56 9.72+0.60

C-Reactive proteifCRP) and Rheumatoid factor (RF). Results are
expressed as mean + SE. Values in each column vl different letters
are significantly different at 9.05).

Table (8) illustrates that CFA-induced rheumatoid arthritis
significantly increased MDA level §©.05). Whereas, the antioxidant
markers (SOD, CAT and GPx) in joint tissue werensigantly reduced
(p<0.05) CFA-treated rats in comparison to negativaipy indicating that
CFA caused oxidative stress damage. These findivgyge agreed with
Alzarea et al., (2022)thatsuggests, an oxidative stress is an underlying key
mechanism related with persistent inflammation i, Rvhich were line
with the findings ofHussain et al., (2021) Similar, Manan et al., (2020)
and Manan et al., (2022)confirmed this findings that antioxidants such as
GPx, CAT, and SOD were significantly reduced in GRAuced arthritis in
rats compared to negative control.

Contrarily, treatment with PFJ at low or high dgsasd standard
drug (DS) distinctly attenuated the oxidative #rés rats of RA treated
groups by decreasing (MDA) and increasing (SOD, G&d Gpx) levels,
significantly. These results indicate that persimrhas beneficial effects on
oxidative stress damage, due to its antioxidanpgmaes(Ferrara, 2021)
These findings are consistent witbhin et al., (2021) that suggested
consumption of ethanolic extract Bfiospyros kaki (EED) decreased the
production of MDA levels. SimilarlyTian et al., (2012) and Zouet al.,

{ 16 )
N




Research Journal Specific Education - Issue No. 82 - April 2024

(2012) observed that an oral dose of persimmon at 10008r ag/kg
alleviated oxidative stress in mice by increasi8QD, CAT and GPx) and
decreasing (MDA). FurthermoréJzarea et al., (2022) and Mananet al.,
(2022) showed that diclofenac sodium (10mg/kg) increasde t
concentrations of SOD and CAT While, MDA concentias were
significantly reduced in CFA -injected groups.

Table (8): Effect of Persimmon fruit juice (PFJ) on oxidative stress and
antioxidant enzymesin control (-ve) and rheumatoid arthritis female
rat groups

=

Pa ters MDA SOD CAT GPy
Groups (nmol/mg) (U/ml) (nmol/ ml) (U/ml)
Control (-ve) 8.30+0.75 13.31+1.08 | 12.45+2.1% | 15.05+0.38
Control (+ve) CFA 13.34+1.4 | 6.04+0.53 6.12+0.08 6.86+0.21
CFA+PFJ (low) 10.96+1.08 | 9.13+0.19 8.47+0.02 10.53+0.28
CFA+PFJ (high) 10.50+1.30 | 10.24+0.73 | 10.36+0.07 | 11.04+0.27
CFA +Diclofenac 8.70+1.07 11.60+0.87 | 11.85+0.02 | 14.52+0.29

Malondialdehyde (MDA), Superoxide dismutase (SODgtalase
(CAT) and Glutathione peroxidase (GPx). Resultsex@ressed as mean *
SE. Values in each column which have different lettars significantly
different at (R0.05).

Table (9) showed that CFA injection were significantly £p0.05)
increased proinflammatory cytokines (IL-6, and T&)Fin joint tissue
compared to negative control. An increase in atéhindicators verifies the
induction of RA(Alzarea et al., 2022) The results agree witBrotsch et
al., (2019)stated that CFA injection elicits T cells that sate monocytes
and macrophages, releasing proinflammatory cytaekiike IL-6 and TNF,
which accelerate bone erosion, and cell deathtimifc rats.

On the other hand, treatment with PFJ at (low ghlidoses), and DS
significantly  (p<0.05) reduced this elevated concentration of
proinflammatory cytokines in comparison to the CEPoup. The most
effective high dose of PFJ (2ml/kg BW daily at ancentration of 10%).
Which reduced levels of (IL-6, and TNE-and the results were significant
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when compared to the standard drug (DS). The cuagree withPark et
al., (2020) observed that persimmon fruit has a high antamfnatory
impact by blocking pro-inflammatory signaling patys in cells (IL-B,
IL-6, TNF-a).

Similarly, Direito et al., (2019) showed that administering
persimmon extract (15 mg/kg /day) reduces the lewél chronic
inflammation and tissue damage associated witlageii-induced arthritis
(CIA) in rats. This effect that is most likely dte the extract's antioxidant
properties. Seo et al., (2015) and Kim et al., (2013) observed that
Persimmon consumption of 200 mL (diluted 5 timeshwiater) reduced
pro-inflammatory cytokine production. Persimmonitfjuice found to be
antioxidant as well as an inhibitor of neutrophiin€tion, limiting the
generation of harmful ROS that enhanced inflamnyatoray be related to
the presence of several phytochemicals such asplpeipls, tannin,
carotenoids, and ascorbic a¢lEl Makhzangy et al., 2023 and Direitoet
al., 2020) FurthermoreRuckmani et al., (2017)reported that Diclofenac
decrease the elevated IL-6 and TiFevels.

Table (9): Effect of Persimmon fruit juice (PFJ) onthe pro-
inflammatory cytokines indicators in control (-ve) and rheumatoid
arthritis female rat groups

—
Parameters IL-6 TNF-a
Groups\ pg/ml
Control (-ve) 28.83+ 0.78 98.22+0.54
Control (+ve) CFA 70.36+ 0.84 415.54+ 0.4
CFA+PFJ (low) 52.87+ 0.63 221.08+0.38
CFA+PFJ (high) 43.23+0.35 156.30+ 0.43
CFA +Diclofenac 41.92+0.25 132.52+ 0.56

Interleukin-6 (IL-6) and Tumor necrotic factartTNF-o). Results
are expressed as mean * SBlues in each column which have different
letters are significantly different at<P.05).
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Histopathology examination

The examination of joints with light microscoperr the control
negative group °1L (Photo A) revealed normal joint histology free of
degenerative or inflammatory alterations; it appdato consist of two
cartilage covered bone heads with synovial membiarieg the joint
capsule internally and histopathological normalbécular bone of the
epiphysis. On the other hand, the joints of thetrobrpositive group %
(Photo B), revealed numerous alterations; theddiccartilage was thinner,
and the synovia and joint capsule were substaytiatlarged due to
enlargement by inflammatory edema and exudate.sizeeand number of
trabecular bones in the head were reduced. Comggtine group (3) (Photo
C and C1) treatment with low dose of PFJ at 1 mibgorally once daily
at a concentration of 10%, as show in (Photo C)rhadest thinning in the
articular cartilage covering the articular surfadde synovia and joint
capsule appeared normal, however the epiphysi®eduddr were thinner
than in the negative control group. While (Photg §dowed a normal joint,
all of its components were normal with no obvioustdpathological
abnormalities. Regarding the group (4) both aréicslurfaces and synovia
appeared normal by treatment with a high dose df&R2 mL/kg bw orally
once daily at a concentration of 10%, as showrPhofo D). The trabecular
of the epiphysis was also normal. The group (5} teaeived Diclofenac
sodium orally at 10 mg/kg bw (Photo E) recoveresllibst, as the joint was
devoid of degenerative or inflammatory lesions argkemed
histopathological normal.

According toAlzarea et al., (2022) and Triastuti et al., (2021)
demonstrated that CFA injection caused edema, b@wreow inflammatory
cell buildup, and cartilage degeneration in thedhpaw. Contrarily, the
treatment PFJ at (low or high doses) reversed nfflammatory response
caused by the CFA. Histopathological findings confiPersimmon fruit's
anti-inflammatory and antioxidant effects against FAdnduced
inflammation and arthritis. Our findings agree wibreito et al., (2019)
demonstrate that the administration of persimmotraek attenuates the

degree of chronic inflammation, tissue damage, iaroves the histology
C 19)
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of CIA in rats, most likely due to the extract'swmoful antioxidant
properties.

Photo (1): Photomicrograph of joint (H&E). A= Groups (1) (Ye-
higher magnification showing normal cartilage ¢flarrow). B= Group (2)
CFA; C and C1 = Group (3) CFA+PFJ (low); D = Group (4) CFA+PFJ
(high); and E= Group (5) CFA +Diclofenac. magnifioa power (x 400).
Conclusion

In conclusion, the adding of Persimmon fruit juite diets can
reduce the rheumatoid arthritis properties in femedts manifested by
increase antioxidant and reducing paw volume, weilgiss, anemia,
oxidative stress, normalizing pro-inflammatory dyites (IL-6 and TNFs
levels), and stopping aberrant biochemical andopathological changes.
Thus persimmon juice has functional nutritional a@ty for treatment of
rheumatoid arthritis as the Diclofenac sodium drug.
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