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A B S T R A C T   

Vitex agnus castus L. extract (VACE) was investigated for its gastroprotective properties and possible molecular 
mechanisms in rats. VACE (60 or 120 mg/kg) or Esomeprazole (20 mg/kg) were orally administered for 3 weeks 
before the induction of gastropathy using indomethacin (30 mg/kg, single oral dose). VACE ameliorated the 
indomethacin-induced gastric juice acidity and pathological changes. VACE significantly preserved GSH, SOD, 
NO and PGE2 contents, while decreased lipid-peroxide, TNF-α and MPO contents. Moreover, VACE down-
regulated NF-κB1, COX-2, Caspase-3 and upregulated Bcl-2 and HSP-70 expression. Ultra-high-performance 
liquid chromatography (UPLC) coupled with quadrupole high-resolution time of flight mass spectrometry 
(qTOF-MS) enabled the tentative identification of 87 compounds allocated in seven main classes including fla-
vonoids, glycosylated iridoid and labdane diterpenes. Notably, different agnuside derivatives and diterpenoids 
were reported in VACE for the first time. In conclusion, VACE contains an arsenal of bioactive metabolites which 
may exhibit gastroprotection by inhibiting inflammation, oxidative stress, and apoptosis.   

1. Introduction 

Gastric ulcer is a common health problem that affects the quality of 
life due to its dreadful implications (Lanas and Chan, 2017). The most 
common causes of gastric ulcer include Helicobacter pylori infection, the 
prolonged usage of nonsteroidal anti-inflammatory drugs (NSAID), 
stress, inappropriate diets, alcohol and smoking (Vomero and Colpo, 
2014; Yegen, 2018). The current therapeutic strategies for gastric ulcers 
face a major drawback due to increased antibiotic resistance which has 
led to a decreased H. pylori eradication rate alongside with NSAID- 
related side effects which mandate intensive searching for new anti-
ulcerogenic modalities (Al Khaja et al., 2017; Alba et al., 2017; 

Kadkhodaei et al., 2020; Lanas and Hirschowitz, 1999; Lopo et al., 2018; 
Shao et al., 2018; Tai and McAlindon, 2018; Yonezawa et al., 2015). 

The pathophysiology of ulcers is multifactorial, comprising an 
imbalance between the aggressive and the protective defence factors of 
the gastric mucosa (Laine et al., 2008). Such imbalance disrupts the 
redox status and favours oxidative and inflammatory damage of the 
gastric mucosa (Kwiecien et al., 2014). Thereby, controlling the exces-
sive generation of reactive oxygen species (ROS) is essential for the 
protection of gastric mucosal integrity. In this context, numerous me-
dicinal plants and their active natural components with anti- 
inflammatory and antioxidant prospective were evaluated for their 
anti-ulcerogenic effects and have been shown to exert promising results 
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with a potential safety profile (Zhou et al., 2020). 
Vitex agnus castus L. (VAC), known as the chaste tree or chasteberry 

(CB), belongs to the Verbenaceae family (Meier et al., 2000). Chaste-
berry is a small deciduous shrub, distributed throughout the Mediter-
ranean, Europe, central Asia and the United States, and its fruits have 
been used for more than 2500 years in ancient Egypt, Greece, Iran, and 
Rome for a variety of gynecologic problems (Niroumand et al., 2018). 
No safety concerns are reported for the usage of VAC fruits or its extracts 
(EMA, 2017), with LD50 (Median Lethal Dose) of 1.65 g/kg for Vitex 
agnus castus L. extract (VACE) (Ibrahim et al., 2017). Promising nutra-
ceutical and health-promoting potentials of Vitex agnus castus were 
previously reported (Souto et al., 2020). For instance, the broad anti-
oxidative and anti-inflammatory effects of Vitex agnus castus L. have 
been confirmed by several studies (Hajdú et al., 2007; Röhrl et al., 2016; 
Sarikurkcu et al., 2009). VAC has been demonstrated to have inhibiting 
activities on the pro-inflammatory cytokine production and 
inflammation-associated pain (Borghi et al., 2013). These effects could 
contribute to its pharmacological actions of relieving premenstrual 
syndrome, uterine contraction and bleeding, and breast pain (Verkaik 
et al., 2017). Moreover, antimutagenic, antifungal, antimicrobial, and 
immunomodulatory effects of VAC were previously reported (Röhrl 
et al., 2016; Souto et al., 2020). The relevance of VAC in mining for 
natural anti-inflammatory agents has increased due to its abundant 
flavonoids such as vitexin and casticin. Thus, we hypothesize that VAC 
may have gastro-protective and ulcer healing activities via its literature- 
reported pharmacological activities. In the current study, VACE was 
compared to esomeprazole, a widely used proton pump inhibitor, on 
indomethacin-induced gastric injury in rats, as well as the underlying 
molecular mechanisms exploration. In addition, the arsenal of metabo-
lites is to be profiled using ultra-high-performance liquid chromatog-
raphy (UPLC) coupled with quadrupole high-resolution time of flight 
mass spectrometry (qTOF-MS). 

2. Materials and methods 

2.1. Chemicals, drugs and diagnostic kits 

Analytical grade chemicals were utilised in the present study. Drugs 
including indomethacin (IND) (Sigma Chemical Co., St Louis, MO, USA), 
esomeprazole (Sigma-Aldrich, Taufkirchen, Germany) were used. 
Biochemical kits were used for measuring: Myeloperoxidase; Rat MPO 
ELISA kit, HK105-02, Hycult Biotech Inc., Wayne, USA; Tumor necrosis 
factor-alpha (TNFα): Rat ELISA kits (KRC3011), Thermo Fisher Scien-
tific, Waltham, MA, USA; Prostaglandin E2; PGE2 ELISA kit, 
MBS730592, MyBioSource, San Diego, USA, in addition to, oxidative 
stress parameters; malondialdehyde MDA (MD 25 29), reduced gluta-
thione activity GSH (GR 25 11), Superoxide dismutase SOD (SD 25 21) 
and Nitric Oxide NO (NO 25 33) were purchased from Biodiagnostic Co. 
(Dokki, Giza, Egypt). TRIzol™ Reagent (Invitrogen), SuperScript IV 
VILO reverse transcriptase kit (Invitrogen), and Luminaries Color 
HiGreen Low ROX qPCR Master kit (Thermo Scientific) were used for 
gene expression analysis. 

2.2. Plant material 

The dried ripped fruits of Vitex agnus castus L. (VAC) were obtained 
from a medicinal plant store (Haraz) in Cairo, Egypt. VAC herbarium 
(MZ3-20200313) was kept at the herbarium museum at Pharmacognosy 
department faculty of pharmacy, Cairo University. The dried VAC fruits 
were grounded into a fine powder and 250 g of powdered sample was 
weighed and kept air-tight before extraction. VAC powdered sample was 
exhaustively extracted with ethanol 70% (v/v) at 40 ◦C, (3 × 1.5 L) over 
for 72 h. The solvent was filtrated through a Whatman No. 1 filter paper 
and evaporated under vacuum (35̊C, 60 rpm), in a rotary evaporator 
(Büchi, Switzerland) (Ağalara et al., 2016). The obtained extract of 
Chasteberry (encoded VACE) was weighed, their percentage yields were 

calculated (10.5%), and was subdivided into small portions and kept in 
brown bottles at − 20 ◦C till used (Ahangarpour et al., 2016). 

2.3. UPLC-MS fingerprinting of Vitex agnus castus extract 

UPLC-MS analyses were performed using 1 mg/mL VACE in aceto-
nitrile. The metabolomic study was performed in Acquity UPLC (Waters, 
Milford, MA, USA) coupled with SYNAPT G2-S (Waters, Milford, MA, 
USA) mass spectrophotometer following literature reported methods 
(Alsherbiny et al., 2021; Azouz et al., 2021; Farag et al., 2021). In Brief, 
three technical replicates of 5 µL sample were injected in a 400 µL/ min 
flow rate in both electron spray ionization (ESI) modes. ACQUITY UPLC 
HSS T3 Column (1.8 μm, 2.1 × 150 mm, Waters Corporation, Milford, 
USA) was used for the chromatographic separation. A gradient elution at 
45 ◦C column temperature was implemented utilising 0.1% formic acid 
solution of both water (A), and acetonitrile (B). 1% mobile phase B was 
used for 2 min, and linearly increased to 35–60% B (2–4 min), 60–80% B 
(4–8 min), and 99% B (8–8.5 min) and finally declined to 10% B till 11.5 
min with 1.5 min equilibration at 1% B. G2-S high-definition mass 
spectrometer (HDMS) equipped with Z-spray source controlled by 
MassLynx v4.1 (Waters Corp, Manchester, England) was used for MS 
analyses in both ESI ionization modes using HDMS mode of operation. 
The following scanning mode parameters were employed; 120 ◦C source 
temperature, 500 ◦C desolvation temperature, 50 L/h cone gas flow, 
1000 L/h desolvation gas flow, 20–50 eV collision energy ramp, 2.5 kV 
capillary voltage, and 50–1200 m/z acquisition mass range. Profile 
mode acquisition was implemented, and data were corrected with a 
separate lock mass spray switching between the injected samples and 
external reference (Leucine enkephaline (1 ng/μL) in 1:1 acetonitrile–-
water containing 0.1% formic acid at a flow rate of 5 μL/min via a lock- 
Spray interface) permitting the MassLynx to continuously ensure mass 
analysis accuracy. [M-H]− of 554.261 and [M + H]+ of 556.2766 m/z 
were produced for the external reference in negative and positive ESI 
modes, respectively. Data processing utilised Progenesis QI (PQI) soft-
ware (Waters Corp., USA), where features were considered reproducible 
if their coefficient of variation (CV) among the samples were < 30%, 
ANOVA p- and Q value ≤ 0.01 against the blank samples. PQI was used 
for putative identification of metabolites of interest by comparison with 
all publicly available databases such as HMDB, MONA, LipidMaps and 
GNPS. Moreover, the literature review of Vitex isolated compounds and 
the CRC dictionary of natural products database v28.1. In silico frag-
mentation tools such as CFMID (Chao et al., 2020) and Sirius CSI: finger 
ID (Dührkop et al., 2015) were combined with database search for rapid 
annotation and candidate ranking. The calculated CCS of the detected 
metabolites was utilized implementing predicted and experimental CCS 
in ALLCCS webserver. Systematic chemical classification of the identi-
fied metabolites via ClassyFire webserver (Feunang et al., 2016). 

2.4. Experimental animals and laboratory diet 

The experimental protocol was approved by the Institutional Animal 
Care and Use Committee of Cairo University (CU-IACUC), approval 
code; CUIIIS7917. Adult (10–12 weeks of age) Wistar rats aged 10–12 
weeks of both sexes and weighing 250–300 g were procured from the 
Animal House Colony in VacSera, Egypt, and housed in the laboratory 
animal housing facilities at Cairo University, Giza, Egypt. Before 
beginning the experiment, the animals were given a week to acclimate 
and were kept in standard laboratory conditions (controlled room 
temperature, 22 ± 1 ◦C; relative humidity, 54–68%; 12 h light/dark 
cycle) with free access to a well-balanced diet (vitamins mixture, 1%; 
minerals mixture, 4%; corn oil, 10%; sucrose, 20%; cellulose, 0.2%). 

2.5. Experimental design 

Fifty rats were randomly allocated into 5 groups of 10 rats each. 
Animals of groups I and II serving as negative control and positive model 
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group (indomethacin group; IND), respectively. Both received a daily 
intragastric 1 mL distilled water, using gavage, for three weeks. Animals 
of group III serve as a standard treatment group and received a daily oral 
20 mg/kg dose of aqueous solutions of esomeprazole. Groups (IV-V) 
received daily oral doses of hydroethanolic VACE (60 and 120 mg/kg b. 
wt, respectively) (Ibrahim et al., 2008). The usually used dose of VACE 
in women (20 mg/kg) (Mayo, 1998), was converted to rat dose as 
described by (Nair and Jacob, 2016). Gastric lesions were induced in 
groups II-V according to the procedure described by (Sabiu et al., 2015). 
Briefly, a single oral dose of indomethacin (30 mg/kg b. wt.) was sus-
pended in distilled water (Bhattacharya et al., 2007). Rats were deprived 
of food but had free access to water 24 h before induction of gastric 
injury. On the twenty-second day of study, 4 h after indomethacin 
treatment, the animals were sacrificed by cervical dislocation under 
anaesthesia with ketamine 91 mg/kg, i.p. The gastric lesions were 
scored using a macroscopic scoring technique (El Badawy et al., 2021; 
Simões et al., 2019) after immediate stomach excision along the greater 
curvature and being washed with 0.9% NaCl solution. Score 1 was 
assigned for haemorrhage with punctiform size (<2 mm), 0–4 in number 
or unilateral site. While score 2 was given for mild haemorrhage (2–5 
mm), 5–6 in number or bilateral site, and score 3 was assigned for 
intense haemorrhage (>5 mm) and more than 7 in number. The contents 
of the stomach were emptied into centrifuge tubes for analysis of vol-
ume, pH, and acidity. Glandular gastric tissues specimens were divided 
into two groups: one that was fixed in 10% formalin/saline for histo-
pathological examination and immunohistochemical analysis, and the 
other that was scraped, weighed, and stored separately at − 80 ◦C for 
evaluation of inflammatory biomarkers, antioxidants, and gene expres-
sion analysis. Gastric homogenates were made using the appropriate 
buffer per the manufacturer’s procedure, and supernatants were 
collected by sonication, followed by 15 min of centrifugation at 1500 g 
at 4 ◦C. 

2.6. Determination of pH, volume, free and total acidity of gastric juice 

The pH of gastric juices of each animal was determined using a 
digital pH meter. Briefly, the sample was centrifuged at 1000 g for 10 
min and the diluted supernatant (1:10 V/V) was titrated with 0.01 N 
NaOH using Topfer’s reagent as an indicator until canary yellow colour 
come out (Sabiu et al., 2015), then phenolphthalein was added as an 
indicator and continues titrating until red colour appears as we 
described before (Soliman et al., 2016), and the total volume of added 
alkali indicated free and total acidity, respectively. 

2.7. Estimation of gastric inflammatory biomarkers 

Myeloperoxidase content was determined in gastric mucosal samples 
using the MPO Rat ELISA kit, where hexadecyltrimethylammonium 
bromide was used to negate the pseudo peroxidase activity of haemo-
globin and to solubilize membrane-bound MPO (Kim et al., 2012). In 
addition, tumour necrosis factor-alpha (TNF-α) was quantified using 
solid-phase sandwich ELISA implementing E. coli-expressed recombi-
nant rat TNF-alpha and antibodies raised against the recombinant fac-
tor. Prostaglandin E2 (PGE2) was determined using corresponding 
commercial competitive ELISA kits according to manufacturer in-
structions. The optical densities were measured at 450 nm and results 
were expressed as ng/g tissue. 

2.8. Antioxidant assays 

Gastric mucosal samples were used for spectrophotometric estima-
tion of GSH, SOD and NO activities according to (Montgomery and 
Dymock, 1961; Nishikimi et al., 1972; Ohkawa et al., 1979) using 
commercial kits, respectively. Also, Lipid peroxidation, as indicated by 
MDA formation, was determined spectrophotometrically (Beutler et al., 
1963). 

2.9. Histopathology 

Samples from stomachs of the different experimental groups were 
harvested and fixed in neutral buffered formalin 10% for 24–48 h then 
washed, dehydrated, cleared in xylene, and embedded in paraffin. 4–5- 
µm thickness tissue section slides were prepared by sectioning of 
paraffin blocks. Finally, the tissue sections were stained with routine 
Haematoxylin and Eosin stain (Ali et al., 2021;) for microscopical ex-
amination (Olympus BX50, Tokyo, Japan). Microscopical lesion scoring 
of the stomach was performed as reported in the literature (Shahin et al., 
2018). 

2.10. Immunohistochemical analysis of Caspase-3 and heat shock protein 

The immunohistochemical staining of Caspase-3 and heat shock 
protein were done following the methods described by (Abdel-Rahman 
et al., 2020; Khamis et al., 2020). After the stomach sections had been 
deparaffinized and rehydrated, the antigenic retrieval and blocking of 
the nonspecific background were performed (Abu-Elala et al., 2015). 
The stomach sections were washed three times with phosphate-buffered 
saline (PBS). The stomach sections of all experimental groups were 
incubated with one of the following primary antibody caspase-3, rabbit 
anti-caspase-3 polyclonal antibody (ab13847; Abcam, Cambridge, UK) 
at 1:100 dilution and heat shock protein heat-shock protein 70 (HSP-70 
– Santa Cruz Biotechnology USA,) at dilution 1:50 in a humid chamber 
for overnight. The primary antisera were omitted with 1 mg/mL BSA 
(Sigma) for negative control slides. The stomach sections were washed 
three times with PBS then incubated with secondary antibody Horse-
radish Peroxidase complex (Dako). 3,3diaminobenzidine (DAB) (Sigma) 
was used as chromogen for visualization of the immunopositive reac-
tion. Tissue sections were then counterstained with Mayer hematoxylin 
and mounted for microscopy. Caspase-3 and HSP-70 protein expression 
were calculated by assessing the percentage of positively stained areas in 
7 randomly selected fields per tissue slide using image analyser software 
(Image J, version 1.46a, NIH, Bethesda, MD, USA) (Abd-Elsalam et al., 
2021). 

2.11. Quantitative reverse transcription-polymerase chain reaction (qRT- 
PCR) 

Total RNA was extracted from the gastric mucosa using TRIzol™ 
Reagent (Invitrogen) as described by the manufacturer. The RNA purity 
was verified by UV spectrophotometric analysis at 260/280 nm. Equal 
concentrations of RNA (2 μg) were retro transcribed into first-strand 
complementary DNA (cDNA) using SuperScript IV VILO reverse tran-
scriptase kit (Invitrogen) (Saeedan et al., 2021). To assess the mRNA 
expression levels of antioxidant and inflammation-related genes nu-
clear factor kappa B subunit 1 (NF-κB1), Cyclooxygenase-2 (COX2), 
and B-cell lymphoma 2 (Bcl-2), PCR was performed using Luminaries 
Color HiGreen Low ROX qPCR Master kit (Thermo Scientific) according 
to the instructions provided. Amplification of the target genes was done 
using specific primers with the following sequences: NF-κB1 sense 
primer 5′-CTGGCAGCTCTTCTCAAAGC; antisense primer 5′- CCAGGT-
CATAGAGAGGCTCAA-3′ (GeneBank accession#: NM_001276711.1); 
COX-2 sense primer 5′- AAAGCC TCGTCCAGATGCTA-3′; antisense 
primer 5′-ATGGTGGCTGTCTTGGTAGG-3′(GeneBank accession#: 
NM_017232.3); Bcl-2 sense primer 5′-GAGGATTGTGGCCTTCTTTG-3′; 
antisense primer 5′-CGTTATCCTGGATCCAGGTG-3′(GeneBank acces-
sion#: NM_016993.2); and ß-actin sense primer 5′-ATGGTGGG-
TATGGGTCAG − 3′; antisense primer 5′-CAATGCCGTGTTCAATGG-3′

(GeneBank accession#: NM_031144.3). PCR temperature program 
included a pre-denaturation step at 95 ◦C/5 min for activation of Taq 
DNA Polymerase, followed by 40 amplification cycles [95 ◦C for 10 sec 
(denaturing), 57 ◦C for 15 sec (annealing), and 72 ◦C for 20 sec 
(extension)]. Triplicate analysis for each cDNA was done with a minus- 
template negative control. 2-ΔΔCT formula was used to calculate the 
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relative gene expression (Livak and Schmittgen, 2001). β-actin gene 
was amplified during the same RT-PCR run to serve as an endogenous 
control to normalize the Ct values of the target genes. Results are 
expressed as fold change relative to the negative control. 

2.12. Statistical analysis 

The various analytical estimations of the results were expressed as 
the mean ± SD (standard deviation) where n = 7. Data were analysed by 
one-way analysis of variance (ANOVA) test for multiple variable com-
parisons between groups using SPSS version 24 package for Windows 
(SPSS Inc, Chicago, IL, USA). Duncan’s post hoc test and L.S.D test were 

used to check the inter-group comparison. Superscript * or ** indicated 
the statistical significance compared to the IND group at P < 0.05 or <
0.005, respectively. The (#) or (##) indicated significant differences 
compared to the negative control group at P < 0.05 or < 0.005, 
respectively. Results were visualized using GraphPad Prism version 5.0 
(San Diego, California USA). After quantile-normalizing and log- 
transforming all biological results in MetaboAnalyst 5.0, Pareto- 
scaling and correlation analyses were performed. The algorithms of 
unsupervised Principal Component Analysis (PCA), supervised Partial 
Least Squares-Discriminant Analysis (PLS-DA), and random forest clus-
tering were investigated (Chong et al., 2018). Univariate correlation 
analysis implementing Pearson r correlations and hierarchical clustering 

Fig. 1A. LCMS tentatively identified flavonoids in the Vitex agnus castus extract.  
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using Euclidean distance measure and Ward clustering algorithm was 
also studied. 

3. Results 

3.1. UPLC-MS fingerprinting of VACE extract 

The VACE metabolomic profiling via UPLC-qTOF-MS facilitated the 
tentative identification of eighty-seven compounds among them, 41 and 
54 metabolites identified in negative and positive ESI modes, respec-
tively. Eight compounds were detected in both ionization modes 
including six glycerophospholipids, one glycolipid and one flavonoid. 
The identified metabolites can be allocated in seven main chemical 
classes, based on ClassiFire systematic classification, including 38 lipids, 
22 flavonoids, 10 diterpenes, 5 iridoid-O-glycosides, 5 triterpenes and 2 
cinnamic acid derivatives. In addition, 5 miscellaneous compounds 
belong to phenolic glycoside, glycosylated benzoic acid derivative, ste-
roid, tannin and sesquiterpene classes were also identified (Table S1 and 
S2 and Supplementary file B). The CCS values, CCS differences in Aͦ2 
compared from Waters Metabolomics Profiling CCS Library (Waters 
Corp. Milford, MA, USA), isotope similarity, database IDs, database 
links, and neutral masses were reported in supplementary file B. The 
mass spectra fragmentation database in mascot generic format (MGF) 
were reported as separate files for further access by the scientific 
community. 

The detected lipids include fifteen putatively identified glycer-
ophospholipids (GPLs), six of which detected in positive ESI mode and 
three in the negative mode and six in both ionization modes. These GPLs 
can be furtherly classified as eight glycerophosphocholines (PC), three 
glycerophosphoethanolamines (PE), three glycerophosphoinositols (PI) 
and one glycerophosphate. In addition, 8 glycerolipids (glycosylglycer-
ols), 9 fatty acids and 6 miscellaneous lipids belonging to sphingolipids, 
bactoprenols, terpene lactone, glycolipid and diarylheptanoids were 
identified. 

Flavonoids were the second frequently identified class, where 22 
flavonoids were detected with 14 detected in the positive mode and 7 in 
the negative mode and one detected in both ESI modes (Table S1, S2 and 
Fig. 1A). Among the detected flavonoids penta-hydroxy-flavones (N15, 
P22, P13) were detected in both ionization modes with a retention time 
2.78 and 3.7 min for (N15, P22) and P13, respectively. This indicated 
the presence of two isomers of pentahydroxyflavones with quercetin as 

possibly one of them as previously isolated from VACE (Högner et al., 
2013). Moreover, P1 and P2 were tentatively identified as vitexicarpin/ 
Casticin and Caffeoyl-isoorientin, respectively and were previously re-
ported in Vitex agnus castus (Kuruüzüm-Uz et al., 2008; Mesaik et al., 
2009). On the other hand, vitecetin (Trihydroxy-trimethoxyflavone; 
P33) was reported in Vitex peduncularis (Rudrapaul et al., 2014). 

Five iridoid O-glycosides were tentatively identified in the negative 
ESI mode (Compounds N6, N8, and N12-14, Fig. 1B), where agnuside 
(N8) showed a molecular ion [M-H]− at m/z 465 and fragment ions were 
matched with various fragment ions in the CFMID in silico fragmenta-
tion (Fig. S1). Other derivatives of anguside showing different dehy-
drogenation and/or deoxygenation levels such as 6,7-dihydroagnuside 
(N6, N12), 30-deoxy-agnuside (N13) and 30-deoxy-8,9-dihydro-agnu-
side (N14) were detected. The hydrogenation of the double bond be-
tween carbon 6 and 7 generated a chiral centre at carbon 7 where the R 
and S isomers could be anticipated and putatively assigned as N6 and 
N12 with a retention time difference of 0.27 min. This chiral separation 
is not likely to be achieved in the current analytical platform or even 
attributed to the utilized ion mobility spectrometry coupled with mass 
spectrometry (IMS-MS). Therefore, another hydrogenated isomer, like 
8,9-dihydroagnuside, may be expected. The detected derivatives 
showed matched fragmentation ions with the CFMID in silico frag-
mentation pattern, within 10 ppm mass tolerance, with a characteristic 
agnuside fragment at m/z 285 for N12 and m/z 255 for N6, N8 and N14 
(Table S1, S2 and Fig. S1). This is the first report of these hydrogenated 
and/or deoxygenated derivatives of agnuside in the fruits of Vitex agnus 
castus. Notably, the agnuside was reported in the fruits, sprouts and 
leaves of VAC and was detected in other Vitex species including Vitex 
negundo, Vitex trifolia and Vitex lucens (Hänsel et al., 1965; Mari et al., 
2015). 

Labdane diterpenoids are natural bicyclic diterpenes named after its 
first member which was isolated from gum labdanum (Cocker et al., 
1956; Cocker and Halsall, 1956). It exhibited structural diversity in the 
genus Vitex with chemotaxonomical potentiality and versatile biological 
activities (Ban et al., 2020). In the current study, ten labdane-type 
diterpenes were putatively identified in positive ionization mode. 
UPLC-MS enabled the identification of two lactam derivatives; vitex-
lactam A; P34 and 9-Hydroxy-13-labdene-16,15-lactam; P24, alongside 
with viteagnusin G/F; P25, P32, vitetrifolin D; P38, and Viteagnusin H; 
P48 (Fig. 1C), which were previously reported in the VAC fruits (Chen 
et al., 2011; Hajdú et al., 2007; Li et al., 2002; Meier et al., 2000; Ono 

Fig. 1B. LCMS tentatively identified glycosylated iridoids in the Vitex agnus castus extract.  
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et al., 2008, 2009; Pal et al., 2013). Moreover, limonidilactone; P26, 
negundoin E; P39, vitextrifolin F; P50 and vitrifolin B P60 were iden-
tified and reported in Vitex agnus castus for the first time, while were 
previously reported in other Vitex species (Aphaijitt et al., 1995; Wang 
et al., 2014; Zheng et al., 2010; 2013). 

Twelve miscellaneous compounds were also tentatively identified 
and classified into triterpenes, cinnamic acid derivatives, sesquiterpene, 
steroid, hydrolysable tannin and glycosylated phenol or benzoic acid 
derivatives (Table S1, S2 and supplementary file B). 

3.2. Macroscopic score evaluation 

Compared to the negative control group, the IND group had hae-
morrhagic lesions on the stomach mucosa and scored zero (Fig. 2A, B). 
VACE pre-treatments reduced IND-induced gastric lesions significantly 
in a dose-dependent manner and the recorded score for VACE-treated 
group (120 mg/kg) was comparable to that of esomeprazole (Fig. 2A, B). 

3.3. Effects on pH, volume, free and total acidity of gastric juice. 

Indomethacin induced gastric damage was manifested by an exces-
sive and significant increase in gastric juice pH, volume, free and total 

Fig. 1C. LCMS tentatively identified labdane-type diterpenes in the Vitex agnus castus extract.  
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Fig. 2. Macroscopic scores of indo-
methacin (IND)-induced gastric lesions 
observed after treatment with Vitex 
agnus castus ethanolic extract (60, 120 
mg/kg. b.wt): A) Gastric total macro-
scopic lesion scores, B) Specific macro-
scopic lesion scores including the 
evaluated parameters (hemorrhage size 
[mm], number, and site). Values 
expressed as mean ± SD, n = 7, (*) and 
(**) indicated the significant difference 
compared to the IND group at P < 0.05 
and < 0.005, respectively, whereas (#) 
and (##) indicated the significant dif-
ferences compared to the negative con-
trol group at P < 0.05 and < 0.005, 
respectively.   
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acidity value. Pre-treatments with VACE reduced gastric juice parame-
ters significantly, where recorded values for the dose VACE 120 mg/kg 
were comparable to the esomeprazole-treated group (Table 1). 

3.4. Gastric inflammatory biomarkers. 

A significant increase in gastric MPO and TNFα levels along with a 
declined PGE2 were observed upon indomethacin treatment, compared 
to the negative control group (p < 0.005). Notably, the pre-treatment 

with VACE and esomeprazole reversed the IND-induced detrimental 
effects on the inflammatory biomarkers (Fig. 3A, B, C). 

3.5. Oxidant/antioxidant biomarkers 

Indomethacin significantly reduced the levels of reduced GSH, SOD 
and NO, but increased that of MDA in gastric mucosal tissues. Treatment 
with VACE (both doses) and esomeprazole significantly increased the 
levels of reduced GSH, SOD and NO, but inhibited that of MDA, 
compared to the IND group. The effect of VACE at the high dose was not 
significantly different from that of the low dose (Fig. 3D-G). 

3.6. Histopathology 

The control group showed a normal histological overview of the 
gastric mucosa and submucosa (Fig. 4A). IND group revealed severe 
gastric lesions such as haemorrhage, erosion of gastric mucosa, necrosis 
of gastric glands, leucocytic infiltration in mucosa and submucosa with 
congestion and submucosal oedema (Fig. 4B, C). The groups that were 
pre-treated with Esomeprazole 20 mg/kg, VACE 60 mg/kg and VACE 
120 mg/kg showed minimal histopathological lesions in the form of few 
desquamated epithelial cells and slight mucosa and submucosa oedema 
with few numbers of inflammatory cells (Fig. 4D, E, F). 

Concerning the gastric lesion scorning, the IND group revealed a 
significant elevation in all gastric lesion parameters (mucosal loss, leu-
cocytic infiltration, gastric haemorrhage, and total lesion score) when 
were compared to the negative control group. A significant decrease in 
all histopathological lesion parameters compared to the IND-treated 
group upon pre-treatment with esomeprazole 20 mg/kg, VACE 60 
mg/kg, or VACE 120 mg/kg was revealed (Fig. 4G & H). 

Table 1 
Effect of Vitex agnus castus ethanolic extract (60, 120 mg/kg. b.wt) on pH, vol-
ume, free and total acidity of gastric juice, in IND-induced gastropathy in rats.  

Group Gastric Juice 

pH volume 
(ml) 

free acidity 
(Meq/l) 

total acidity 
(Meq/l) 

Normal 3.26 ±
0.101** 

1.6 ±
0.16** 

31.4 ±
2.95** 

41.5 ± 5.12** 

IND 2.08 ±
0.191## 

4.8 ±
0.46## 

71.0 ±
3.80## 

91.8 ±
3.05## 

Esomeprazole 20 
mg/kg 

3.17 ±
0.150** 

2.6 ±
0.41**# 

35.1 ±
1.95** 

43.1 ± 7.39** 

VACE 60 mg/kg 3.07 ±
0.168** 

2.8 ±
0.44**# 

38.8 ±
1.79**# 

52.467 ±
6.352**# 

VACE 120 mg/kg 3.27 ±
0.195** 

2.0 ±
0.34** 

34.0 ±
2.68** 

46.917 ±
1.158** 

Values expressed as mean ± SD, n = 7, IND; indomethacin, VACE; Vitex agnus 
castus ethanolic extract, (*) and (**) indicated the significant difference 
compared to the IND group at P < 0.05 and < 0.005, respectively, whereas (#) 
and (##) indicated the significant differences compared to the negative control 
group at P < 0.05 and < 0.005, respectively. 
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Fig. 3. Effects of Vitex agnus castus ethanolic extract (VACE 60, 120 mg/kg. b.wt) on the inflammatory and antioxidant biomarkers on indomethacin (IND)-induced 
gastropathy in rats; A) Myeloperoxidase level; MPO, B) Prostaglandin E2 level; PGE2 C) Tumor necrosis factor-alpha level; TNFα, D) Reduced GSH, E) Superoxide 
dismutase level; SOD, F) Nitric oxide level; NO, and G) Malondialdehyde level; MDA. Values expressed as mean ± SD, n = 7, (*) and (**) indicated the significant 
difference compared to the IND group at P < 0.05 and < 0.005, respectively, whereas (#) and (##) indicated the significant differences compared to the negative 
control group at P < 0.05 and < 0.005, respectively. 
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Fig. 4. Histopathological photomicrograph of the stomach in the different groups (H&E stain, X200). (A) Negative control group showing normal gastric mucosa and 
submucosa. (B) IND model group showing mucosal loss (square) with apoptosis of gastric glands (arrow). (C) IND group showing mucosal (arrow) and submucosal 
inflammatory cell aggregation (rectangle). (D) Esomeprazole (20 mg/kg) group showing a normal histological picture with mild submucosal edema and congestion. 
(E) IND-challenged group received VACE (60 mg/ kg) and (F) IND-challenged group received VACE (120 mg/ kg) group showing normal histological findings with 
intact lamina epithelialis, gastric glands and submucsa. (G&H) Microscopic scores of indomethacin-induced gastric lesions (IND) after treatment with Vitex agnus 
castus ethanolic extract (60, 120 mg/kg. b.wt) and esomeprazole; (G) Total lesion score. (H) Gastric lesion parameters; mucosal loss, leucocytic infiltration and gastric 
hemorrhage. Values expressed as mean ± SD, n = 7, (*) and (**) indicated the significant difference compared to the IND group at P < 0.05 and < 0.005, respectively, 
whereas (#) and (##) indicated the significant differences compared to the negative control group at P < 0.05 and < 0.005, respectively. 

H.A. Ogaly et al.                                                                                                                                                                                                                                



Journal of Functional Foods 86 (2021) 104732

9

3.7. Immunohistochemical analysis of Caspase-3 and heat shock protein 

The anti-caspase-3 protein was expressed in the cytoplasm and nu-
cleus of epithelial cells as well as parietal and chief cells of the gastric 
glands. IND induced a significant increase of anti-caspase-3 protein 
expression in the stomach of IND-treated rats compared to the negative 
control group (Fig. 5A, B, C). However, a significant decrease in anti- 
caspase-3 protein expression compared to the IND group was observed 
upon pre-treatment with esomeprazole 20 mg/kg, VACE 60 mg/kg, or 
VACE 120 mg/kg (Fig. 5D, E and F). On the other hand, the HSP-70 
protein expression in parietal and chief cells of the gastric glands was 
evaluated, where a very weak HSP-70 expression was observed in the 
negative control group (Fig. 5G). The IND group exhibited a significant 
elevation of HSP-70 expression compared to the negative control group 
(Fig. 5H, I). Nevertheless, the pre-treatment with esomeprazole or both 
doses of VACE showed a significant incline in HSP-70 expression 
compared to the IND group (Fig. 5J, K and L). 

3.8. NF-κB1, COX-2, and Bcl-2 gene expression 

IND group showed a significant increase in the expressions of NF-κB1 
and COX-2 mRNA to 2.2 and 2.7 folds, respectively (Fig. 6A and 6B), and 
a decline in Bcl-2 expression Fig. 12C), compared to the negative con-
trol. Pre-treatment with VACE 60, 120 mg/kg, or esomeprazole signif-
icantly modulated these genes expression by downregulation of both NF- 

κB1 (1.41, 1.15. 1.23 folds, respectively); and COX-2 (1.74, 1.26 and 
1,27 folds, respectively); and upregulation of Bcl-2 (0.69, 0.88 and 0.80 
folds, respectively) compared to the IND-model group (Fig. 6A–6C). 

3.9. Multivariate, correlation and clustering analyses 

Both unsupervised PCA and supervised PLS-DA analyses, as well as 
hierarchical cluster analysis (HCA), demonstrated that the IND-induced 
model of gastric injury and the negative control groups were well 
separated from the treatment groups (Fig. 7., S2 and S4). Briefly, the 
indomethacin group was well clustered away from the negative control 
group confirming the successful induction of the model. Moreover, the 
challenged groups that received VACE (60 or 120 mg/kg) or esome-
prazole were closely clustered with the negative control away from the 
indomethacin group indicating their potentiality reversing the detri-
mental effects of indomethacin. Notably, among the different studied 
biomarkers, the highest Variable Importance Projection (VIP) scores in 
the constructed PLS-DA model and highest mean decrease accuracy in 
random forest (RF) algorithm was HSP-70 followed by the gastric juice 
pH. This indicates their significance to classify different experimental 
groups under study (Fig. S3). The total association between the multiple 
biomarkers estimated was also visualised using Pearson r correlation 
analysis (Fig. S5). 

Fig. 5. Immunohistochemistry of Caspase-3 
and HSP-70 protein expression in the stom-
ach. (A-F) Caspase-3 protein expression. (G- 
L) HSP-70 protein expression. (A) The nega-
tive control group showing very weak 
immunoreactivity (arrow). (B) IND group 
showing strong immune-positive reaction in 
epithelial cells, Parietal cells and chief cells 
of the gastric gland (arrow). (C) Esomepra-
zole (20 mg/kg) group showing moderate 
immune-positive staining (arrow). (D) VACE 
(60 mg/ kg) showing weak immune-positive 
staining (arrow). (E) VACE (120 mg/ kg) 
group showing very weak immune-positive 
reaction in gastric glands (arrow). (F) 
Immunohistochemical analysis of Caspase-3. 
Values expressed as mean ± SD, n = 7, (*) 
and (**) indicated the significant difference 
compared to the IND group at P < 0.05 and 
< 0.005, respectively, whereas (#) and (##) 
indicated the significant differences 
compared to the negative control group at P 
< 0.05 and < 0.005, respectively. (G) The 
negative control group showing very weak 
immune-positive staining. (H) IND group 
showing weak immune-positive reaction in 
gastric glands (arrow). (I) Esomeprazole (20 
mg/kg), (J) VACE (60 mg/ kg) and (K) VACE 
(120 mg/ kg) group showing strong immune- 
positive staining in Parietal cells and chief 
cells of gastric gland (arrow). (L) Immuno-
histochemical analysis of HSP-70 Values 
expressed as mean ± SD, n = 7, (*) and (**) 
indicated the significant difference compared 
to the IND group at P < 0.05 and < 0.005, 
respectively, whereas (#) and (##) indicated 
the significant differences compared to the 
negative control group at P < 0.05 and <
0.005, respectively. HSP; heat shock protein, 
IND; Indomethacin-treated group, VACE; 
Vitex agnus castus extract.   
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Fig. 6. Effect of Vitex agnus castus ethanolic extract (VACE; 60, 120 mg/kg) and esomeprazole (20 mg/kg) on expressions of NF-κB1 (A), COX-2 (B), and Bcl-2 (C) 
mRNAs in gastric mucosa of indomethacin (IND)-induced gastropathy in rats. The relative mRNA transcript levels of the target genes are represented as fold changes 
(increase/decrease) over that of the control group after normalization to the housekeeping gene β-actin using the 2− ΔΔCt method. Values are expressed as mean ± SD. 
(*) and (**) indicated the significant difference compared to the IND group at P < 0.05 and < 0.005, respectively, whereas (#) and (##) indicated the significant 
differences compared to the negative control group at P < 0.05 and < 0.005, respectively. 

Fig. 7. Heat-map summarizes the effect of Vitex agnus castus extract (VACE; 60 or 120 mg/kg) on the studied biomarkers of indomethacin-challenged rats. Coloured 
boxes indicate the induced effect, either upregulation (red) or downregulation (blue). COX-2; cycloxygenase-2, GSH; Reduced glutathione, Hem. Hemorrhage, HSP- 
70; heat shock protein-70, Micro.; microscopical, Macro.; macroscopical, GJ; gastric juice, MDA; malondialdehyde, MPO; Myeloperoxidase, NF-κB1; Nuclear factor 
kappa-B, PGE2; prostaglandin E2, SOD; Superoxide dismutase. 
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4. Discussion 

The gastroprotective efficacy of VACE against indomethacin-induced 
gastric injury in rats, as well as the exploration of recruited molecular 
pathways, are the study’s main findings. We reported VACE’s influence 
on NF-κB1 and the COX-2 signaling pathway, in addition to its antiacid, 
anti-inflammatory, antioxidant, and anti-apoptotic properties. This is, as 
far as we know, the first investigation of VACE on the experimental 
gastric ulcer. The gastric ulcer model establishment and VACE treatment 
efficacy in both doses via the investigated biomarkers were confirmed 
by implementing both unsupervised PCA and supervised PLS-DA 
multivariate analyses (Fig. S2). 

The used doses of VACE were previously referenced by another 
model (Ibrahim et al., 2008) and its potential gastroprotective activity 
was tested in our pilot study which indicated its effectiveness, especially 
for the higher dose of 120 mg/kg. The preventive administration of the 
VACE for three weeks was chosen to explore its beneficial effects guided 
by (Sabiu et al., 2015) using the same model. Moreover, no adverse 
effect was observed as expected by using doses lower than 1/10 of the 
LD50 (1650 mg/kg) (Ibrahim et al., 2017). 

The major limitation for the use of Non-steroidal anti-inflammatory 
drugs (NSAID), such as indomethacin, is their ulcerative adverse effect 
on the gastrointestinal tract (Suleyman et al., 2012) and NASID-induced 
gastric injury has been frequently used as an animal model to study the 
gastroprotective agents and related mechanisms (Ibrahim et al., 2018; 
Simões et al., 2019; Suleyman et al., 2012). The IND-induced gastric 
injury was confirmed in the present study, with obvious tissue lesions, 
increased gastric juice pH, volume, free and total acidity, as well as 
inflammatory and oxidative markers as observed in IND-treated animals 
in agreement with previous studies (Oluwabunmi and Abiola, 2015; 
Sabiu et al., 2016). Inhibition of PGE2 synthesis, reduction of bicar-
bonate release and the subsequent mucus barrier disturbance along with 
the induction of cytotoxicity could be responsible for IND-induced 
gastrointestinal damage (Ibrahim et al., 2018). These cytotoxic effects 
may in turn stimulate reactive oxygen species (ROS)-releasing leuko-
cytes and inflammatory cytokines with subsequently reduced gastric 
blood flow, inducing gastric cell apoptosis (El Badawy et al., 2021; 
Matsui et al., 2011). The pathophysiology of gastric ulceration sub-
stantially involves oxidative stress (Hafez et al., 2019; Tian et al., 2017). 
The disruption in the antioxidant defence system, combined with 
neutrophil infiltration, induces the superoxide radical anions (O2)−

production which reacts with lipids, resulting in lipid peroxidation in 
ulcerated tissues (Fan et al., 2012). Due to its action on sucralfate and 
the gastric vasodilatory effect of PGE2, NO’s gastroprotective activity is 
linked to maintaining gastric mucosal integrity and preventing leuko-
cyte adhesion to the endothelium (El Badawy et al., 2021). Furthermore, 
the antioxidant capability is thought to be responsible for the primary 
protective potential against IND-induced gastric injuries. (Bandyo-
padhyay et al., 2000). Consistently with previous studies, our results 
demonstrated IND administration was associated with marked impair-
ment of the redox balance, as evident by decreased NO, GSH, and SOD 
contents, while lipid peroxidation (MDA) was increased (El-Ashmawy 
et al., 2016; El Badawy et al., 2021; Ibrahim et al., 2018; Matsui et al., 
2011). 

Furthermore, IND-induced injury was prevented by esomeprazole, a 
proton pump inhibitor, which has been shown to inhibit IND-induced 
gastric injury (Pastoris et al., 2008). The finding that VACE produced 
protection of IND-induced gastric injury indicates that it may target key 
mechanisms involved in IND-induced gastrointestinal toxicity. These 
mechanisms include gastric acid secretion (Sabiu et al., 2016), produc-
tion of inflammatory mediators (Ibrahim et al., 2018) interference with 
mucosal cell regeneration via inhibition of PGE2 synthesis (Ibrahim 
et al., 2018), production of free radicals (Suleyman et al., 2012), 
reduction of gastric NO level, and invasion of activated neutrophils as 
well as the apoptosis induction in gastric cells (Matsui et al., 2011). 

This is in line with our findings of VACE on gastric acid secretion, 

production of inflammatory mediators (MPO, PGE2, TNF-α) and 
oxidative markers (reduced GSH, SOD), as well as the inhibition of 
apoptosis (caspase-3 and Bcl-2 expressions). Myeloperoxidase (MPO) is 
an enzyme found primarily in the azurophilic granules of neutrophils 
and therefore has been used extensively as a marker for neutrophils 
infiltration, which probably contributes to various gastric injuries and 
that induced by IND (Aratani, 2018; Suleyman et al., 2012). Thus, the 
significant decline in MPO concentrations in VACE 120 mg/kg and 
esomeprazole groups could be associated with reducing neutrophils 
infiltration (Fig. 3A). In addition, the inhibition of caspase-3 expression 
and Bcl-2 overexpression by VACE indicate that the anti-apoptotic ac-
tivity is also involved in its gastroprotective effect. These results were 
compatible with previous studies (Antonisamy et al., 2014; Soliman 
et al., 2017). 

Indomethacin decreased PGE2 synthesis, which plays a crucial gas-
troprotective role, resulting in the overproduction of cytokines including 
gastric mucosal TNF-α and provoking a state of inflammation (Dengiz 
et al., 2007; Ibrahim et al., 2018; Musumba et al., 2009; Suleyman et al., 
2012). The VACE restored PGE2 concentrations (Fig. 3B) and that was 
consistent with the previous report of VAC on tracheal muscle (Thaçi 
et al., 2020). Furthermore, VACE-pre-treated groups significantly sup-
pressed the IND-induced elevation of gastric TNF-α content indicating its 
anti-inflammatory role (Shahin et al., 2018). Consistently, BNO 1095, a 
commercially available VAC extract inhibited the release of TNFα in the 
uterus (Borghi et al., 2013; Röhrl et al., 2016). Notably, inflammatory 
cell infiltration could be a major source of reactive oxygen species ROS 
generation (Shahin et al., 2018). Nonetheless, the IND-induced oxida-
tive stress (El-Ashmawy et al., 2016; Ibrahim et al., 2018) was signifi-
cantly ameliorated by VACE (60, 120 mg/kg) including; reduced GSH, 
SOD, NO and MDA activities (Fig. 3D, E, F, G). -These findings were 
supported by the previously recorded antioxidant activity of BNO 1095 
in both macrophages and neutrophils cells (Röhrl et al., 2016). 

NF-κB is an essential transcription factor and plays a central role in 
the multifactorial cascades of inflammation and immune response 
(Chang et al., 2015). In total, there are five structurally related members 
of NF-κB family designated as NF-kB1 (p50/105), NF-κB2, p65 (RelA), 
RelB, and c-Rel. These forms are present as homo- or heterodimers. In 
normal cells, NF-κB protein dimers are sequestered in the cytoplasm by 
IκB family inhibitory proteins. The canonical activation of NF-kB 
signaling pathway is triggered by the degradation of IkB proteins with 
the release of NF-kB dimers. Released NF-kB1 and NF-kB p65 subse-
quently translocate into the nucleus where they bind to specific DNA 
sequences in the target genes to induce their transcription (Hayden & 
Ghosh, 2008; Liu et al., 2017). NF-κB regulates the expression of the 
various pro-inflammatory mediators genes as TNF-α, IL-6, IL-1β, IL-12 
and COX-2, which subsequently aggravate the inflammation and pro-
mote the expansion of ulcer injury (Chen et al., 2019). Thereby, the 
inactivation of NF-κB signal pathway and its related proteins is supposed 
to have protective effects for controlling ulcer development (Akanda and 
Park, 2017; Chang et al., 2015). In the present study, indomethacin 
significantly increased the mRNA expression of NF-κB1 and COX-2 in the 
gastric mucosa which was significantly reversed by esomeprazole and 
VACE in a dose-dependent fashion with no significant differences be-
tween the 120 mg/kg VACE and esomeprazole groups (Piao et al., 
2018). These data support the suggestion that the correlation between 
NF-κB and pro-inflammatory cytokines expression is an important factor 
in regulating the inflammatory response and ulcer severity (Hui and 
Fangyu, 2017). Moreover, NF-κB activation was found to be associated 
with the reduced expression of PGE2 (Bajpai et al., 2018; Lu and Zhao, 
2020). This mechanism explains the observed depletion of PGE2 re-
ported in the current study. Therefore, the inactivation of NF-κB trans-
duction pathway may have beneficial effects for gastric ulcer treatment. 
Interestingly, the present study showed that the administration of VACE 
effectively inhibited the IND-induced overexpression of NF-κB1 and 
thereby reduced the expansion of gastric ulcers. Previous studies re-
ported that casticin, a major flavonoid in Vitex agnus castus, inhibits the 
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COX-2 expression via suppression of NF-κB signaling in mouse macro-
phages (Liou et al., 2014; Ramchandani et al., 2020). 

At the macroscopic level, IND administration (30 mg/kg single oral 
dose) induced multiple haemorrhagic lesions (Ibrahim et al., 2018; 
Simões et al., 2019; Suleyman et al., 2012), that may be attributed to 
mucus membranes disruption which facilitates the entry of injurious 
water-soluble agents as acid, pepsin, and bile salts (Ibrahim et al., 2018; 
Shahin et al., 2018; Suleyman et al., 2012). The pre-treatment with 
VACE (60, 120 mg/kg b. wt.) ameliorated the IND-induced gastric 
mucosal damage significantly as shown from the lesion’s total scoring 
(Fig. 2A, B). Interestingly, the observed macroscopic score for the higher 
VACE dose of 120 mg/kg b. wt. was quite similar to that observed with 
esomeprazole. That was also supported by our histopathological find-
ings and microscopic scoring (Fig. 2C, D). 

The holistic chemical space of VACE was explored via UPLC-qTOF- 
MS which enabled the tentative identification of 87 metabolites allo-
cated in seven main classes including 22 flavonoids, 5 glycosylated iri-
doids and 10 labdane diterpenes. Interestingly, agnuside hydrogenated 
and/or deoxygenated derivatives and labdane diterpenes found in other 
Vitex species such as limonidilactone, negundoin E, vitextrifolin F, and 
vitrifolin were reported in VACE for the first time. The utilized ion 
mobility spectrometry (IMS) provided the collision cross-section (CCS) 
calculations, where extra-dimension of identity confirmation can be 
employed for future studies (Supplementary file B). Several studies had 
previously reported the anti-inflammatory and antioxidant activities of 
the identified flavonoids (Angeloni et al., 2021; Grochowski et al., 2018; 
Sridhar et al., 2005), iridoids (Viljoen et al., 2012; Pacifico et al., 2009; 
Wang et al., 2020) and labdane diterpenes (Angeloni et al., 2021; Ant-
ony and Chakraborty, 2020). Also, the effect of flavonoids on HSP-70 
(Grochowski et al., 2018) and iridoids on NF-κB were recorded (Vil-
joen et al., 2012; Wang et al., 2020). Further studies are warranted in 
consideration of our presented findings including metabolomic-driven 
biochemometric identification (Alsherbiny et al., 2021) of gastro-
protective metabolites among the tentatively identified compounds. 
Bioactive molecular networks (Nothias et al., 2018) could be also 
employed for the identification of bioactive metabolites together with 
computational docking or network pharmacology studies (Bhuyan et al., 
2020) engaging the tentatively identified compounds and VIP- 
prioritised targets. 

One interesting finding of the present study is the identification of 
heat shock protein-70 (HSP-70) as a discriminant biomarker in the VACE 
gastric protection against IND-induced gastric injury (Fig. S3). Heat 
shock proteins (HSPs) are stress proteins that keep the cellular homeo-
stasis against physiological and environmental gastric mucosal injury 
(Chang et al., 2007; Welch, 1992). HSP-70 is one of those proteins that is 
considered a cellular self-protective defence factor in gastric injury (Yeo 
et al., 2008). Previous studies correlated the induction of HSP-70 in 
response to different stimuli with gastric protection against these stim-
uli, and they explained this protection by the ability of HSP-70 to pre-
serve the normal protein structures and restore or remove damaged 
proteins (Rozza et al., 2011; Sidahmed et al., 2013; Tytell and Hooper, 
2001). The HSP-70 protective effect against indomethacin-induced 
gastropathy may be related to the inhibition of Bax and Geranyl- 
geranyl-acetone (GGA) induction (Suemasu et al., 2009). In the pre-
sent study, VACE-pre-treated groups showed a significant increase in 
HSP-70 expression with minimal histopathological lesions when 
compared with the ulcer control group. This suggesting that the induc-
tion of HSP-70 is closely related to the protective effect of VACE extract 
in indomethacin-induced gastric lesions. 

5. Conclusions and future directions 

Taken together, this study is the first to highlight the potential 
gastro-protective activity of VACE, the effect may be related to its 
arsenal metabolites. VACE (120 mg/kg) showed comparable protection 
as esomeprazole in gastroprotection scoring, antioxidative and anti- 

apoptotic activity-related parameters. Antioxidant, anti-inflammatory, 
and regulation of NF-κB1 and apoptotic pathways are among the 
mechanisms of VACE-induced protective activity. This supports the 
beneficial effect of VACE as a promising natural anti-ulcerogenic sup-
plement. Further investigations are warranted to evaluate VACE efficacy 
in other experimental models and clinically as an alternative or adjunct 
for the management of gastric ulceration. Besides, employing holistic 
multi-omics elucidation of the molecular mechanisms of action together 
with network pharmacology study and bio-chemometric ranking of 
VACE gastroprotective compounds. 
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