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Background: Studies regarding treatment of acute toxicity with diclofenac (ATD) are quite few. Diclofenac is commonly prescribed
in neurology, psychiatry, and general medicine practice. This study investigated possible colon-protective effects exerted by Ajwa date
fruit extract (ADFE), a prophetic medicine remedy native to Al-Madinah, Saudi Arabia against ATD. Phytochemicals in ADFE as
gallic acid and quercetin have reported protective effects against ATD.

Methods: Total phenols and flavonoids in ADFE were estimated as equivalents to gallic acid and quercetin. Four experimental groups
were allocated each of six rats: control group, ATD group received a single dose of 150 mg diclofenac intraperitoneally, toxicity
prevention group received a single dose of ADFE orally followed 4 hours later by diclofenac injection, and toxicity treatment group
received a similar diclofenac dose followed 4 hours later by a single dose of ADFE. Four days later, animals were sacrificed.
Histological and biochemical examinations were done.

Results: ADFE has a total phenolic content of 331.7 gallic acid equivalent/gram extract and a total flavonoid content of 70.23
quercetin equivalent/gram. ATD significantly increased oxidative stress markers as serum malondialdehyde (MDA) and hydrogen
peroxide (H,0O,). Serum MDA and H,O, were significantly scavenged by ADFE. ATD significantly (p<0.001) decreased antioxidant
power as serum total antioxidant capacity and catalase activity. That was reversed by ADFE in both prevention and treatment groups.
Histologically, ATD caused complete destruction of colonic crypts architecture, patchy loss of the crypts, loss of the surface
epithelium, absent goblet cells and submucosal exudate, heavy infiltration of the lamina propria and submucosa with inflammatory
cells, mainly lymphocytes and eosinophils. There were mucosal haemorrhages and submucosal dilated congested blood vessels. All
that was prevented and treated using ADFE.
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Conclusion: ADFE is rich in quercetin and gallic acid equivalents that exert potent antitoxic effects. ADFE is strongly recommended
for preventive and therapeutic colon effects against ATD.
Keywords: diclofenac, acute toxicity, Ajwa date extract, colon, histology, polyphenols and flavonoids

Introduction

Reports regarding treatment of life-threatening acute toxicity with diclofenac (ATD) are quite few. Being an over-the-
counter (OTC) drug, acute diclofenac overdosage is a commonly missed health problem in general medicine practice,
neurology and psychiatry' > that causes colopathy ranging from colitis to colonic perforation. Incidence of gastrointest-
inal side effects of diclofenac is 37%, which is significantly higher than the rates for ibuprofen and for acetaminophen
that are 7.2% and 7.6%, respectively.”” Diclofenac toxicity causes direct cellular toxicity to the intestinal cells,
diaphragm-like strictures, ulcerations of the colon, bloody stools, and anaemia.® Diclofenac toxicity caused massive small
intestinal ulcerations, perforated duodenal ulcers, and multiple ileal perforations that may cause pneumoperitoneum and
peritonitis. ATD caused death of experimental animals’® possibly due to colonic strictures, inflammatory bowel diseases
and/or gut perforation. Colonic perforation is a differential diagnosis in patients having acute abdominal symptoms
following toxicity with NSAIDs.’?

Ajwa date fruit (Phoenix dactylifera L.) is native to Al-Madinah, Saudi Arabia (Figure 1A-E). Ajwa date fruit is
famous in prophetic medicine (for its antitoxic effects). Prophetic medicine is the medical knowledge gained from
teachings of Prophet Muhammad peace be upon him. Medicinal purposes of Ajwa dates are diverse owing to its
phytochemical and nutritive components, eg, polyphenols as gallic acid and flavonoids as quercetin.'® Gallic acid
mitigated diclofenac-induced liver toxicity by modulating oxidative stress and suppressing IL-1B gene expression in
male rats.'" Similarly, quercetin exerted protective effects against diclofenac-induced liver toxicity through mitigation of
inflammatory response and oxidative stress.'> Harmfull effects of ATD to the liver and lungs were significantly alleviated
with Ajwa date fruits.'> Ajwa date fruit significantly reduced hospital admissions and infections and improved survival in
pediatric oncology practice.'* Ajwa date fruits maximally inhibited bacterial biofilm and protected the calf thymus DNA
against damage caused by hydroxyl radicals produced by Fenton reagent.'> Ajwa date fruit extract (ADFE) exhibited
potent antitoxic effects that abrogated carbon tetrachloride-induced hepatotoxicity.'® The phenolic contents of ADFE

A

Figure | Continued.

2602 e Drug Design, Development and Therapy 2022:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Hassan et al

Figure | Ajwa palm tree and Ajwa dates are native to Al-Madinah, Saudi Arabia. (A) Ajwa palm trees: They are usually found in groups of different heights. They are grown
in gardens in Aliah region at southern areas of Al-Madinah, Saudi Arabia. (B) Shorter fruitful trees are also present. (C) Seven Ajwa dates are the recommended doses by
prophetic medicine for antitoxin prevention and treatment: for giving protection for the whole day time ie about 12 hours. (D) Ajwa dates in the warm Arab hospitality: to
offer Ajwa dates to guests, visitors of prophetic masjid and visitors for pleasant taste and medicinal benefits. (E) Components of Ajwa dates: Each Ajwa date is formed of a
fleshy part (FI) and a hard nucleus (Nu). Prophetic medicine recommends the fleshy part for antitoxin prevention and treatment and the nucleus (after grinding) for oral
intake for treating heart diseases.

improved lipid profile and antioxidant defense system in rats fed a cholesterol-rich diet.'” In an interesting recent report,
ADFE reverted malignantly induced hepatocellular carcinoma cells (exposed to the hepatocarcinogen diethylnitrosamine)
to a normal hepatocyte phenotype.'®

Ajwa palm trees are grown in gardens in Aliah region at southern areas of Al-Madinah, Saudi Arabia and Ajwa date
fruit is recommended in prophetic medicine for antitoxin prevention and treatment giving protection for a daytime
duration (about 12 hours).'*°
This study aimed at investigating the preventive and tissue-protective effects exerted by ADFE to the colon against

ATD. This study also aims at introducing ADFE as a natural source for promising future antitoxins and therapeutics.

Materials and Methods
Study Design and Ethical Aspects

A prior ethical committee approval was gained from the College of Medicine, Taibah University, Saudi Arabia (no.
IORG0008716-IRB00010413). Study ID was 039-1440.

Preparation of Ajwa Date Fruit Extract (ADFE)
Ajwa date fruits (Phoenix dactylifera L.) cultivated in Al-Madinah (Figure 1 A—E) were harvested in summer season from
a local farm in Al-Madinah Al-Munawwarah, Saudi Arabia. ADFE preparation was carried out at the pharmacognosy
department at Taibah College of Pharmacy. Ajwa dates were air-dried to keep the active ingredients, sliced into small
portions and then minced. Three kilograms of Ajwa dates were lyophilized and then dried via freezing and were
macerated twice in 3 liters of ethyl alcohol (ethanol) and water in a ratio of 80:20 and then incubated at room temperature
for 72 hours. ADFE was filtered using Whatman filter paper Grade 4: having circles of 27 mm to 400 mm in a Biichner
funnel.

Ethanolic extract of Ajwa date fruit was concentrated under reduced pressure at 50 °C using rotary vacuum
evaporator. The solvent-free plant extracts (1800 grams) were kept in a refrigerator at 4 °C for further tests and
applications.
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Determination of Total Phenolic Compounds

Folin-Ciocalteau reagent was utilized for the evaluation of total phenolic content of Ajwa extract as described
earlier.”'** Briefly, 0.5 mL of the extract solution (10 mg/mL) was mixed with 0.5 mL of 10% Folin-Ciocalteau
and incubated for 5 minutes, then 2.5 mL of 7% NaNO, (w/v) was added to the extract-reagent mixture and incubated
for 1 hour in the dark room. Finally, absorbance of the resulting blue color was measured at 765 nm using a UV/Vis
spectrophotometer. For calibration, serial dilutions of gallic acid (0.078, 0.156, 0.312, 0.625 and 1.25 mg/mL) were
incubated similarly with Folin-Ciocalteau and 7% NaNO, solution. The experiments were done in triplicate and the
amount of total phenolic content was calculated as gallic acid equivalents (GAE) per gram of the extract based on the
calibration curve equation (y = 1.0036x + 0.0821, R?>=0.9862).

Determination of Total Flavonoids Content

Aluminum chloride colorimetric method was used to evaluate the flavonoid content of the extract as described
elsewhere.?® In brief, I mL of the extract solution (10 mg/mL) was filled up to 5 mL with double distilled water, then
0.3 mL of NaNO, (5% w/v, in water) was added, mixed thoroughly and incubated for 5 minutes before adding 0.3 mL
Aluminum chloride solution. After another incubation of 5 minutes, 2 mL of 1M NaOH was added and the volume was
filled up to 10 mL with double distilled water. The absorbance of the reaction product was measured at 416 nm using a
UV/Vis spectrophotometer. A calibration curve was established by conducting the same procedures for quercetin using a
series of concentrations (20, 40, 60, 80, and 100 ug/mL) and blotting the observed absorbance against these concentra-
tions. The total amount of flavonoid content was calculated as quercetin equivalents (QE) per gram of extract based on
the calibration curve equation (y = 0.0013x + 0.0117, R*=0.9997).

Experimental Studies

Our study investigated possible colon-damaging effects after a single intraperitoneal injection of a toxic dose of
diclofenac (150 mg/kg). Study timeline was indicated (Figure 2). White albino Sprague-Dawley rats weighing
350400 grams were purchased from the central animal facility of King Abdul-Aziz University, Jeddah, Saudi Arabia.
The animals were maintained for three weeks prior to experimentation in the animal facility unit at Taibah University in
completely aseptic and pathogen-free conditions. The animals were kept inside polypropylene cages at a temperature of
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Figure 2 Timeline of the study. Twenty-four rats including 12 male rats and 12 female rats. A total of six rats including three males and three females per group was
allocated. This acute toxicity study started in day 0 and ended in day 4 as indicated in the timeline.
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22 £ 3 °C with a relative humidity of 65% to 86%. The rats received a standard laboratory pellet chow diet (oral feeding)
in addition to pathogen-free water ad libitum throughout the duration of the experiment. Appropriate care and hygienic
measures were taken to ensure a healthy location and atmosphere for the rats all the time. They were housed under
standard conditions of temperature and lighting (12-hour light/dark cycles). The animals’ weights were periodically
evaluated. All rats received care in accordance with the rules and regulations of the medical research ethics committee of
Taibah College of Pharmacy, Taibah University, Al-Madinah Al-Munawwarah, Saudi Arabia.

Selection of an acute dose of diclofenac toxicity in this study (150 mg/kg once) on the colon was based on two
previous reports: the former by Aljuhani et al who used a single injection of diclofenac at a dose of 200 mg/kg'® and
Elshopakey et al used a dose of 100 mg/kg.** We used the average of the two doses.

Twenty-four rats, including 12 male rats and 12 female rats, were enrolled in this study. Average age was six months
and average body weight was about 375 grams per rat. They were assigned into four experimental groups. A total of six
rats, including three males and three females per group, were allocated.

1. Control group was group I that received sterile water injection.

2. Positive control was group II that received a single dose of 150 mg diclofenac injected intraperitoneally.

3. Toxicity treatment group was group III that received a single dose of 150 mg diclofenac intraperitoneally followed
four hours later by a single dose of ADFE orally using oral gavage.

4. Toxicity prevention group was group IV that received a single dose of ADFE 2 grams/kg orally using oral gavage
followed four hours later by a diclofenac at a dose of 150 mg diclofenac intraperitoneally.

Four days later, the animals were sacrificed by decapitation and blood samples were collected. Blood samples were
drawn (after decapitation) and cardiac puncture. Blood was collected in sterile plain tubes and centrifuged (4000 rpm/
minute) and the serum was kept in —30 C° for future biochemical assays. A histological examination of the colon was
carried out in the four experimental groups.

Assay of Serum Malondialdehyde (MDA)

The levels of serum MDA (uM) were assayed using the MDA ELISA Kit (E-EL-0060, Elabscience, TX, USA). Briefly,
the standards and samples were pipetted into microplates coated with a monoclonal antibody and incubated. Positive and
negative controls were included in each assay. Biotin was added to all wells, then streptavidin-HRP was added. After
incubation, 4 washes were performed to remove unbound reagents. After adding chromogen solutions, stop solution was
added, and the resulting optical density was measured at 450 nm using a plate reader (Biotek Synergy multimode
microplate reader (VT, USA)). The detection range of the kits was between 31.25 and 2000 ng/mL. The concentrations of
MDA were calculated from the standard curve for each assay.

Serum Hydrogen Peroxide Assay

Serum hydrogen peroxide assay was done using hydrogen peroxide assay kits (Elabscience, TX, USA), following the
manufacturer’s instructions. Briefly, 60 mmol/L H,O, of standard solution was used. Blank tubes (containing distilled
water), standard tubes (containing 60 mmol/L H,0, standard solution) and sample tubes (containing serum) were
prepared. Buffer solution and then ammonium molybdate solution were added according to the manufacturer’s instruc-
tions. Absorbance readings were taken at 405 nm wavelength using a Biotek Synergy multimode microplate reader (VT,
USA). A standard curve was drawn and H,O, concentrations were determined.

Serum Catalase Assay

Serum catalase activity (antioxidant) assay was done using catalase assay kits (Elabscience, TX, USA) according to the
manufacturer’s instructions and was based on the principle that catalase decomposes H,O, and that can be quickly
stopped by ammonium molybdate. The residual H,O, reacts with ammonium molybdate to generate a yellowish
complex. Briefly, blank tubes (containing distilled water), and test sample tubes (containing serum) were prepared
using buffer solution, reagent and chromogenic agents supplied in the kits. All tubes were allowed to stand at room
temperature for ten minutes followed by taking 200 pL of reaction solution to the microplate with a micropipette.
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Absorbance readings were taken at 405 nm wavelength using the Biotek Synergy multimode microplate reader. A
standard curve was drawn and catalase activity in the samples was assayed.

Total Antioxidant Capacity Assay

Total antioxidant capacity was assayed using total antioxidant capacity assay kits (elabscience, TX, USA) according to
manufacturer’s instructions. Briefly, fresh blood was collected and stood at 25°C for 30 min to clot. Then, centrifugation
was done at 2000 g for 15 min at 4°C. In test tubes, 100 puL of buffer solution was added to 1.5 mL eppendorf tubes
followed by adding 10 pL of serum. Then, 200 uL of chromogenic agent working solution and 50 pL of ferric salt
working solution was added to the samples tubes and control tubes. That was mixed fully to react at 37°C for 30 min.
Ferric salt diluent, stop solution and clarificant were sequentially added. After mixing fully and standing for 10 min at
room temperature, 300 pL of the reaction liquid was added to the 96 well microplates and the OD value of each well was

measured at 520 nm using Biotek Synergy multimode microplate reader.

Tissue Sample Preparation and Light Microscopic Study

Four days after starting this acute toxicity study experiment, all rats in the study were sacrificed using ether anaesthesia
followed by decapitation. Decapitation was used to gain blood samples. Colon was extracted from rats in all the
experimental groups. Ether anaesthesia did not affect the blood or tissues in all animals in the different experimental
groups. In addition, the animals were sacrificed immediately after administration of ether anaesthesia. Rat’s abdomen was
dissected, and samples of the proximal colon were obtained and washed with saline solution to remove faeces.

Colon specimens from each rat were cut into pieces, fixed in 10% phosphate buffered formaldehyde, and embedded in
paraffin wax. Then, 5-um-thick sections were cut using a microtome and fixed into glass slides for haematoxylin and
eosin (H&E) staining. The slides were examined under a high-resolution microscope (Nikon, Tokyo, Japan). Histological
colonic specimens received further preparation processes, such as staining using haematoxylin and eosin for general
morphology evaluation.

Specimens were fixed in 10% buffered formaldehyde for two days at 4°C and processed for paraffin sections.
Sections (5 pm thick) were cut and stained with haematoxylin and eosin (H&E), as was previously reported.”’

Morphometric Study

The haematoxylin and eosin slides were examined under a standard microscope using an X40 lens, and five fields of each
slide were photographed using a Nikon E400 digital microphotography system (N150, Nikon, Tokyo, Japan). The
number of goblet cells and lymphocytes were calculated using the Digimizer software program, version 4.6.1 (MedCalc
Software Ltd, Acacialaan, Belgium).*®

Quantitative Assessment and Statistics

All data (number of goblet cells and lymphocytes) was statistically analysed using SPSS software (version 16.00; SPSS
Inc., Chicago, Illinois, USA). Data was expressed as meant SD and analysed by using one-way ANOVA analysis of
variance followed by Bonferroni’s multiple comparison post-hoc tests for comparison between all groups. * indicates p
<0.05, ** indicates p <0.01 and ***indicates p <0.001. Testing for normality distribution of data was performed using
numerical methods in SPSS to determine skewness and kurtosis using SPSS as previously indicated.?’

Results
Total Phenolic and Total Flavonoid Contents in Ajwa Date Fruit Extract
The total phenolic content of the extract was quantified using Folin-Ciocalteau reagent, where the content was calculated

by the aid of gallic acid calibration curve. Based on these calculations, the extract had a total phenolic content of 331.7
GAE/g extract (Figure 3A).
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Figure 3 Total phenolics and total flavonoids assay in Ajwa date fruit. (A) Standard curve for estimation of total phenolics in ADFE measured as equivalents of gallic acid. (B)
Standard curve for estimation of total flavonoids in ADFE measured as equivalents of quercetin.

The total flavonoid content of the extract was quantified using aluminum chloride method, where the content was
calculated by the aid of quercetin calibration curve. Based on these calculations, the extract had a total flavonoid content
of 70.23 QE/g extract (Figure 3B).

Acute Diclofenac Toxicity-Induced Oxidative Stress That Was Counteracted by ADFE
Acute diclofenac toxicity significantly induced increased oxidative stress. That was evidenced by significantly increased
serum MDA following acute diclofenac toxicity (p<0.01). Serum MDA was significantly lower (p<0.01) in both toxicity
treatment and toxicity prevention groups (Figure 4A). Acute diclofenac toxicity-induced oxidative stress was also
evidenced by increased serum H,O, (74.63+ 26.65 mmol/L) versus baseline values (40.28+ 5.08 mmol/L). The H,O,
quantity was significantly scavenged by prior treatment with ADFE (prevention group) to below baseline values (33.54+
7.91 mmol/L). Giving ADFE after an acute toxic dose of diclofenac (treatment group) significantly decreased serum
H,0, to near baseline values (43.93+ 5.57 mmol/L) (Figure 4B). Oxidative stress data was approximately normally
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Figure 4 Acute toxicity with diclofenac (ATD) significantly induced oxidative biochemical changes that were prevented and treated using Ajwa date fruits. (A and B). Acute
toxicity effects of diclofenac (Group Il): ATD caused significantly increased oxidative stress eg increased serum malondialdehyde (p<0.01) and H,O, (p<0.05). ATD-induced
oxidative stress was significantly counteracted by a subsequent and a prior treatment using ajwa date fruit extract (ADFE). (C and D). Protective and preventive effects
induced by ADFE against ATD: ADFE caused significantly increased antioxidant effects eg increased serum catalase activity and serum total antioxidant capacity. ADFE-
induced an increase in antioxidant effects, ie, caused a significant increase in serum catalase activity (p<0.001) and serum total antioxidant capacity (p<0.001) upon
subsequent and prior exposure to ATD. * means p< 0.05, **means p< 0.0 and ***means p< 0.001.
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distributed for diclofenac-induced H,O, generation with a skewness of —0.098 (SE= 0.918) and a kurtosis of —1.908
(SE=2.0). Similarly, data on diclofenac-induced MDA generation was approximately normally distributed with a
skewness of —0.738 (SE=0.845) and a kurtosis of —1.178 (SE=1.741).

ADFE Significantly Prevented and Treated Diclofenac Toxicity-Induced Decrease in
Serum Catalase and TAC

Acute diclofenac toxicity significantly (p<<0.001) decreased antioxidant power as indicated by decreased serum catalase
activity to 5.91+ 0.73 U/mL versus 25.21+ 2.04 U/mL at baseline values. A prior intake of ADFE in prevention group
significantly protected against such decrease and increased serum catalase levels to about 27.66+ 2.18 U/mL at baseline
values. Giving ADFE after an acute toxic dose of diclofenac in the toxicity treatment group significantly increased serum
catalase to a higher value reaching 15.39+ 1.4 U/mL (Figure 4C). Serum TAC significantly decreased (p<0.001) upon
acute diclofenac toxicity. Serum TAC significantly increased (p<0.001) to near normal values upon the intake of ADFE
after acute toxic dose of diclofenac in the toxicity treatment group and also when giving ADFE prior to giving a toxic
dose of diclofenac (Figure 4D). Data of ADFE-induced increase in serum catalase was approximately normally
distributed with a skewness of —0.098 (SE=0.918) and a kurtosis of 0.753 (SE=0.687). Similarly, data on ADFE-induced
increase in TAC was approximately normally distributed with a skewness of —0.073 (SE=0.913) and a kurtosis of —1.477
(SE=2.00).

Light Microscopic Results (Haematoxylin and Eosin Staining)

Normal Colon Histology in the Control Group

Examination of colon sections of the control group (group I) revealed normal histological architecture of its mucosa
demonstrating numerous, regularly arranged, evenly spaced and tightly packed crypts. The crypts occupied the whole
thickness of the mucosa resting on the muscularis mucosa. The surface epithelium and crypt lining were formed mainly
of simple columnar absorptive cells and goblet cells. The number of simple columnar absorptive cells decreased when
going deeper into the crypt, while goblet cells became more numerous. Connective tissue lamina propria housed

normally resident immune cells, mainly lymphocytes (Figures 5A and 6A).

Acute Diclofenac Toxicity Effects on the Colon

Examination of colon sections of group II (acute diclofenac toxicity group) showed many features of mucosal affection,
namely distorted mucosa, absence of foldings, loss of columnar surface cells and goblet cells, and malformed crypts with
even patchy loss of colonic crypts (Figures 5B, 6B, 7A—7C and 5D). The lumen of some crypts showed cellular debris
(Figure 5B). There was a heavy inflammatory infiltration in the mucosa and in the widened submucosa together with the
presence of polymorph nuclear leukocytes and lymphocytes (Figures 5B, 6B and 7A) and eosinophil in the lamina
propria (Figures 6B and 7C). Also, areas of mucosal haemorrhage (Figure 7C), submucosal exudate (Figures 6B and 7A)

and dilated congested blood vessels in submucosa were found (Figure 7D).

Therapeutic Effects of Ajwa Date Fruit Against Acute Diclofenac Toxicity

Examination of the colon sections of the toxicity treatment group (that received an acute toxic dose of diclofenac and
then treated few hours later with ADFE) showed apparently normal histological architecture. Colon mucosa exhibited
preserved crypts with intact continuous surface epithelium and numerous goblet cells (Figures 5D and 6D).

Preventive Effects of Ajwa Date Fruit Against Acute Diclofenac Toxicity

Examination of colon sections of the toxicity prevention group of rats (that were treated with ADFE and exposed few
hours later to an acute toxic dose of diclofenac) showed marked improvement, with restored normal colon histological
architecture. Colon mucosa exhibited preserved crypts that were lined with columnar epithelium and numerous goblet
cells (Figures 5C and 6C).
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Figure 5 Acute diclofenac toxicity induced histological changes and damage of the colon layers that were prevented and treated using Ajwa date fruits. (A) Architecture of
normal colon histology: A photomicrograph of a section in the colon of group | (control group) showing normal mucosa (double head arrow), submucosa (black line),
musculosa (M) and serosa (S). The mucosa is folded, intact, continuous and has close regularly arranged tubular crypts (C) occupying the whole thickness of the mucosa and
resting on the muscularis mucosa (MM). (B) Disturbances of colon histological architecture induced by ATD: A photomicrograph of a section in the colon from group Il
(acute diclofenac toxicity group) showing distorted mucosa (double head arrow) with absence of folding, loss of surface columnar epithelial cells and malformed or even
absent crypts (C). There was heavy inflammatory infiltration (I) mainly lymphocytes in the lamina propria of the mucosa and in the widened submucosa (black line). (C)
Preventive effects induced by ADFE against ATD: A photomicrograph of a section in the colon from the toxicity prevention group (group IV) against acute diclofenac toxicity
using ADFE showing mostly normal folded mucosa (white line) and regular crypts (C) where the normal submucosa (black line), musculosa (M) and serosa (S) were normal.
(D) Therapeutic effects induced by ADFE against ATD: A photomicrograph of a section in the colon from group Il (toxicity treatment group against acute diclofenac toxicity
using ADFE) showing an almost normal histological appearance compared with the control group mucosa (double head arrow), crypt (C), submucosa (black line), musculosa
(M) and serosa (S) (H&E, x100).

Morphometric Results

There was a significant decrease in goblet cells count in the acute diclofenac toxicity group compared to the control
group. Also, toxicity treatment group showed a significant decrease in goblet cell count compared to the control group
and a significant increase compared to acute diclofenac toxicity group. Toxicity prevention group showed insignificant
differences in goblet cell counts compared with the control group, but showed statistically significant differences in
comparison with groups II (diclofenac toxicity) and toxicity prevention group (Figure 8).

There was a highly significant increase in the number of lymphocytes in group II compared to the control group
(group I) (p<0.001). Group III (toxicity treatment group) showed a significant increase in the number of lymphocytes
compared to the control group (group I) (p < 0.05), but group IV (toxicity prevention group) showed insignificant
differences compared to the control group (Figure 9).

Discussion

Toxicity with diclofenac is a vital health issue as NSAIDs are commonly used drugs in a wide range of medical
specialties, eg, neuropsychiatry,® orthopaedics,?’ rheumatology,®” internal medicine, and others. NSAIDs commonly
induce acute and chronic toxicity to the upper gastrointestinal mucosa, for example, causing inflammation and
ulcerations in the colon. Diclofenac is an OTC treatment' that may cause acute and chronic toxicity upon treating
painful conditions, particularly when taken at home away from medical supervision. Our data (Figures 5-7) agreed
with the report that diclofenac toxicity may present with abdominal pain, weight loss and diarrhoea. Proctitis,
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Figure 6 Acute diclofenac toxicity induced inflammatory effects in colon mucosa that were prevented and treated using Ajwa date fruit extract. (A) Normal cellularity of
the colon: A photomicrograph of a section in the colon of group | (control group) showing a normal histological architecture of mucosa of the colon. The crypt (C) is lined
mainly by simple columnar absorptive cells (stars) and goblet cells (G). Numerous immune cells mainly lymphocytes are detected in the lamina propria (arrows). (B) Damage
of colon cellularity induced by ATD: A photomicrograph of a section in the colon from group Il (acute diclofenac toxicity group) showing distorted mucosa with irregular
crypts (C) with decreased number of goblet cells (G). N.B: |-There is a heavy infiltration of the lamina propria and submucosa with inflammatory cells mainly lymphocytes (I)
and eosinophils (arrows) in the lamina propria. 2- There is a submucosal exudate (curved arrow). (C) Preventive effects to colon cells induced by ADFE against ATD (group
IV): A photomicrograph of a section in the colon from toxicity prevention group (prevention group of acute diclofenac toxicity using ADFE) showing mucosa with preserved
crypt architecture (C) lined with simple columnar epithelium (stars) and numerous goblet cells (G). (D) Therapeutic effects to colon cells induced by ADFE against ATD
(group lll): A photomicrograph of a section in the colon from toxicity treatment group (treatment group of acute diclofenac toxicity using ADFE) showing the crypts (C)
lined with simple columnar epithelium (stars) and numerous goblet cells (G). (H&E, x400).

colonic ulceration and associated complications, such as colon perforation, bleeding, stricture formation and even
fistula formation may also occur.®’ Lack of effective pharmacological remedies to prevent and treat diclofenac
toxicity encouraged the authors to investigate a possible role of ADFE for potential preventive and therapeutic
benefits to ATD.

Ajwa date fruit is a promising medicinal plant that is recommended in prophetic medicine for prevention and
treatment of toxicity in general.'” Ajwa date fruit is native to Al-Madinah, Saudi Arabia, where Ajwa palm trees are a
major part of the natural scenery there (Figure 1). Gallic acid is an active ingredient in Ajwa date fruit. Hamad et al found
p-coumaric acid, gallic acid and ferulic acid derivatives were the most dominant phenolic compounds in Ajwa dates.'*"'?
Ajwa date fruit is also rich in active flavonoids including quercetin, isoquercetin, luteolin, apigenin, and rutin.*> Both
gallic acid"' and quercetin'® proved effective in treating diclofenac toxicity. Our data agreed with these reports and
confirmed that ADFE is very rich in both gallic acid and quercetin (Figure 3A and B). Our data agreed with Khalid et al
who reported that more than 50% of the polyphenols in ADFE is gallic acid and more than 50% of the flavonoids in
ADFE is quercetin.'®'%*?

In this study, acute diclofenac toxicity caused significantly (p<0.001) increased serum oxidants, ie ATD caused
increased serum MDA and H,0O, concentration denoting increased oxidative stress. This is in agreement with the report
by Esmaeilzadeh et al where diclofenac toxicity caused increased serum MDA and decreased serum catalase and that was
corrected upon treatment with gallic acid.'' This explains that diclofenac-induced colonic tissue damage is due to
oxidative stress. Such oxidative stress was completely and significantly prevented (p<0.001) by giving ADFE before

administering a toxic dose of diclofenac in the toxicity prevention group (group IV). Likewise, serum H,O, levels
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Figure 7 Magnitude of colonic inflammatory reactions following acute diclofenac toxicity (group Il). (A-D): Photomicrographs of sections of the colon of rats in group Il
(acute diclofenac toxicity group) showing complete destruction of crypts architecture (C) and patchy loss of the crypts (arrow) in some areas. Loss of surface epithelium is
noted (stars). Absence of goblet cells and submucosal exudate (curved arrow) are also seen. The lumen of some crypts contains cellular debris (double headed arrow).
There is heavy infiltration of the lamina propria and submucosa with inflammatory cells mainly lymphocytes () and eosinophils in the lamina propria (bifid arrow). Notice
areas of haemorrhage in the mucosa (H) and dilated congested blood vessel (BV) in the submucosa. (H&E, x400).
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Figure 8 Goblet cells count (Mean + SD) in different study groups. *means p< 0.05 and ***means p< 0.001.

significantly decreased after treating diclofenac toxicity with ADFE. Biochemical oxidative stress is in line with the
tissue damage induced by diclofenac toxicity, denoting that acute diclofenac poisoning induces oxidative tissue damage
to the colon.

Our data illustrated the mechanism of acute diclofenac toxicity-induced tissue damage to be due to increased
oxidants versus decreased serum antioxidants as TAC and serum catalase activity, denoting decreased antioxidant
power versus increased oxidative stress effects. This further explains the mechanisms of diclofenac-induced colonic
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Figure 9 Lymphocytes count (Mean # SD) in different study groups. *means p< 0.05 and **means p< 0.001.
Abbreviation: ATD, acute toxicity with diclofenac.

tissue damage. This agreed with a previous report.'' Such a decrease in antioxidant power was completely and
significantly prevented upon giving ADFE before giving a toxic dose of diclofenac (prevention group). Likewise,
serum catalase activity levels significantly increased after treating diclofenac toxicity with ADFE. Biochemical
oxidative stress goes in line with the tissue damage induced by acute diclofenac toxicity, denoting that diclofenac
poisoning induces oxidative tissue damage to the colon that can be completely prevented and significantly treated by
the antioxidants contained in ADFE.

Our data (Figure 7) agreed with previous publications® that destruction of the colonic crypts architecture and patchy
loss of the crypts causing ulcers and damage are induced by acute diclofenac toxicity. Diclofenac is commonly prescribed
for treating geriatric conditions, where a relatively large dose of diclofenac (50 mg four times daily) may be given for
treating osteoarthritis. Diclofenac toxicity caused colonic ulcerations, positive stool tests for occult blood, anaemia,
minimal antral gastritis (by esophagogastroduodenoscopy), colonic ulceration of the ascending colon, cecum ulcerations
and perforation of the terminal ileum. All that was reported. A biopsy of the colonic mucosa showed focal necrosis and
an acute inflammatory infiltrate. This improved after stopping diclofenac intake.*”

In agreement with our data (Figure 4A—D), Aycan et al reported that subchronic diclofenac toxicity caused increased
generation of reactive oxygen/nitrogen species and decreased TAC in the tissues resulting in gastrointestinal lesions,
kidney lesions and increased fibrosis in rats. Thymoquinone, the major active antioxidant ingredient in Nigella Sativa,
significantly alleviated diclofenac-induced haematological and tissue damage in the stomach and duodenum. Diclofenac
treatment induced a decrease in TAC in the kidneys, stomach and duodenal tissue. Thymoquinone administration
increased gastrointestinal and renal TAC in diclofenac-treated rats, suggesting that thymoquinone can alleviate the
gastrointestinal and renal toxicity induced by diclofenac poisoning.>* Ajwa dates contain seed, moisture, fructose,
glucose, soluble protein, and fiber and strongly inhibit lipid peroxidation, and cyclooxygenase enzymes and exert potent
antioxidant and anti-inflammatory effects.>>° This agreed with our data that ADFE is rich in polyphenols and flavonoids
that exert potent antioxidant effects (Figure 3A and B).

Our study agreed with the previous reports®>~°

where examination of colonic sections of the control group
(group I) revealed normal histological architecture of the mucosa, demonstrating numerous, regularly arranged,
evenly spaced and tightly packed crypts. The crypts occupied the whole thickness of the mucosa resting on the
muscularis mucosa. The surface epithelium and crypt lining are formed mainly of simple columnar absorptive cells

and goblet cells. The simple columnar absorptive cells become fewer and deeper into the crypts, while goblet cells
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become more numerous. Connective tissue lamina propria houses normally resident immune cells, mainly
lymphocytes.

Moreover, examination of colon sections of group II (acute diclofenac toxicity group) showed many features of
mucosal affection as distorted mucosa, absence of foldings, loss of columnar surface cells and goblet cells,
malformed crypts and even patchy loss of crypts. The lumen of some crypts showed cellular debris. There was
heavy inflammatory infiltration in the mucosa and in the widened submucosa together with the presence of
polymorph nuclear leukocytes, lymphocytes and eosinophils in the lamina propria. Also, areas of mucosal
haemorrhage, submucosal exudates and dilated congested blood vessels in submucosa were found. This is in
agreement with the report by Khan et al who reported damaged architecture of hepatocytes exposed to
hepatocarcinogens.'®

Examination of colon sections of group III (acute diclofenac toxicity followed by treatment with ADFE) showed
apparently normal histological architecture. Colonic mucosa exhibited preserved crypts with intact continuous surface
epithelium and numerous goblet cells. Examination of colon sections of group IV (rats that received ADFE then exposed
to ATD) showed marked improvement and restored the normal colon histological architecture. Colonic mucosa exhibited
preserved crypts which were lined with columnar epithelium and numerous goblet cells. This is in agreement with the
report by Khan et al who reported a significant improvement of the damaged architecture of hepatocytes exposed to
hepatocarcinogens upon treatment using Ajwa date fruit.'® A graphical abstract (that summarized our methodology and
findings) is illustrated (Figure 10).

Novelty of our data came from using Ajwa date fruit to prevent and treat colon toxicity induced by diclofenac. This is
the first report on that. To the best of our knowledge, this study is novel. No similar studies were reported using Ajwa
date fruit to treat colonic effects of diclofenac toxicity. In the future, we plan to expand the course of this study to include
genomic expression studies.
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Figure 10 A graphic indicating the promising therapeutic and preventive effects induced by Ajwa date fruit against diclofenac-induced colon toxicity.
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Conclusion

ADFE is rich in polyphenols as gallic acid and flavonoids as quercetin that have potent antioxidant and antitoxic effects.
ADFE maximally and significantly prevented and treated diclofenac toxicity-induced biochemical and colonic damage
resulting in improved histology of the colon towards normal. Ajwa date fruit extract is strongly recommended for both
the prevention and treatment of diclofenac toxicity owing to its general antitoxic effects.
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