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Abstract: Gallium verum, lady's bedstraw is an herbaceous annual plant belonging to the genus
Rubiaceae; it possessed antioxidant, cytotoxic for cancer cells, antimicrobial, protective and endocrine
effects. This work aimed to investigate the curative effects of G. verum extract on gastric ulcers
following absolute ethanol administration in the healthy rat. Eighteen rats were randomly divided into
three main groups; rats were fastened for 24 hours before ethanol administration. All groups except
control administered ethanol (5 ml/kg body weight; orally). The rats were administrated distilled water
(Ulcer group) or G. verum extract (100mg/kg) one hour later. G. verum extract caused a significant
decrease in ulcer index, gastric juice volume, malondialdehyde, and nitric oxide, while gastric juice pH,
glutathione, glutathione-S-transferase, and catalase increased significantly. The histological lesion
score showed a significant enhancement in group G. verum compared to the ulcer group that scored the
highest pathological destruction score. Immunohistochemical markers of NF-kB p65 and TNF-a
showed a significant decrease in G. verum group. G. verum extract is a promising treatment modality
against gastric injury through its powerful antioxidant, acid neutralizing, healing promotion, and ant-
inflammation effects.
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1. Introduction

Gastric ulcer (GU) is a growing public health concern worldwide [1]. Traditionally, GU
is characterized as pepsin and hydrochloric acids mucosal split and corrosive action [2]. Most
cases of GU resulted from stress, alcohol consumption, smoking, Helicobacter pylori, and
nonsteroidal anti-inflammatory drugs (NSAIDs) [3,4]. In the gastrointestinal tract, alcohol

https://biointerfaceresearch.com/ 6010


https://biointerfaceresearch.com/
https://biointerfaceresearch.com/
https://doi.org/10.33263/BRIAC125.60106020
mailto:Bassant.mohamed3@msa.edu.eg
mailto:Mohamedrefat850@gmail.com
mailto:monaelshehry11@gmail.com
mailto:salma.hussein2@msa.edu.eg
mailto:sara.bayoumi@yahoo.com
mailto:ayman81125@hotmail.com
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-3504-9635
https://orcid.org/0000-0003-1491-9045
https://orcid.org/0000-0002-7599-1262
https://orcid.org/0000-0002-0282-7541
https://orcid.org/0000-0003-4027-6127
https://orcid.org/0000-0002-4449-2532
https://orcid.org/0000-0003-3975-4355

https://doi.org/10.33263/BRIAC125.60106020

exposure can damage the motility of the esophagus, stomach, and gut and the capacity of gut
absorption [5]. It can generate mucosal damage and even carcinogenesis [2].

Recently, ethanol has been applied orally in experimental animals to cause acute gastric
lesions and ulcers, which is considered a harmful agent associated with multiple pathologies
[6]. Ethanol affects the mucosal barrier of the stomach, causing increased mucosal permeability
and bleeding [7]. In the treatment of GU, various classes of synthetic medications are used as
proton pump inhibitors (omeprazole), prostaglandin analogs, and H: receptor blockers
(cimetidine, ranitidine, and famotidine), but many of these medicines have significant side
effects such as arrhythmias, gynecomastia, impotence, arthralgia, hypergastrinemia, and
hemopoietic changes [8]. Efforts to discover new drugs with lower costs and fewer side effects
are necessary. Subsequently, treatment with natural products is now considered an alternative
approach to controlling the disease [9,10]. Traditionally, using natural products with
therapeutic properties is considered as ancient as human civilization. For a long time, mineral,
plant, and animal products were the main sources of treatments for therapeutic purposes
[11,12]. The use of herbal medicine to treat major illnesses as a drug treatment has shown to
be clinically beneficial and less relatively harmful than existing medications and often
decreases the aggressive factors that function as a guide for GU prevention [14]. Herbal
medicine is commonly used in developing countries for primary health care because of greater
acceptability, compliance with the human body, and lower side effects [15]. The chemical
elements in the plant extracts are part of the biochemical processes of living flora and are thus
more consistent with the human body [8]. Galium verum (G. verum, lady's bedstraw) is a
perennial herbaceous plant belonging to the Rubiaceae family and has been extensively
documented throughout history due to its various therapeutic properties. Previous studies have
reported that G. verum has been used as a sedative, an anticancer agent, in treating gout,
epilepsy [16], liver disorders, and cardiovascular diseases [17].

Hence, the present study aimed to assess the gastroprotective mechanisms of G. verum
in rats.

2. Material and methods

2.1. Chemicals.

Ethanol 100%, 80% methanol, and all biochemical kits were purchased from the
Biodiagnostic Company (EI Moror St, Dokki, Egypt). Dried G.verum herb was purchased from
Shender Group, LTD, UK.

2.2. Preparation of G. verum extract.

According to Laki¢ et al. [7] method with some modification, air-dried G.verum L was
ground (sieve 0.75) and macerated at room temperature for 24 h in 80% methanol (MeOH)
(2:5 w/v, 100 g dried G.verum L). Methanolic G.verum L mixture was filtered through
(Whatman, No.1) after maceration and evaporated to dryness under reduced pressure. The
residue (5 g) was stored at -30°C in a dark glass bottle.

2.3. Phytochemical qualitative analysis.

The plant extracts were assessed for the existence of the phytochemical activity by
using the following standard methods [18-22].
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2.3.1. Detection of phenols.

G. verum extract was spotted on a filter paper. A drop of phosphomolybdic acid reagent
was added to the spots and was exposed to ammonia vapors. The blue coloration of the spots
indicates the presence of phenols.

2.3.2. Detection of tannins.

To 2-3 ml of G. verum extract, 10% alcoholic ferric chloride solution was added. The
dark blue or greenish-grey coloration of the solution indicates the presence of tannins in the
extracts.

2.3.3. Detection of alkaloids.

A drop of G. verum extract prepared in methanol was spotted in a small piece of
precoated TLC plate, and the plate was sprayed with Dragendorff's reagent. The orange
coloration of the spot indicates the presence of alkaloids.

2.3.4. Detection of anthraquinones.

About 50 mg of the G. verum extract was heated with ferric chloride (10%) and 1 ml
of conc. HCI. After colling, the filtrates were shaken with diethyl ether. The ether extract was
further extracted with conc. ammonia. The pink or deep red coloration of the aqueous layer
indicates the presence of anthraquinones.

2.3.5. Detection of saponins.

10 mg of G. verum extract was mixed with hot water, and the mixtures were shaken for
0.5 min. The formation of stable foam indicates the presence of saponins.

2.3.6. Detection of flavonoids.

2 ml of G. verum extract, a piece of magnesium ribbon and 1 ml of con. HCL were
added. The Pink-red or red coloration of the solution indicates the presence of flavonoids.

2.3.7. Cardiac glycosides (Keller-Killani test).

5 mL extract was treated with 2 mL glacial acetic acid plus 1-drop ferric chloride
solution. Then 1 ml of conc. sulfuric acid (90%) was added. A deoxysugar characteristic of
cardiac glycosides is indicated by a brown ring at the contact.

2.3.8. Test for steroids.

Chloroform (1ml) and conc. sulfuric acid (1 ml) was added with the 2.5 ml of G. verum
extract. A red hue emerged in the bottom chloroform layer, indicating the presence of steroids.

2.3.9. Test for iridoids.

1 mL of Trim-Hill reagent was added to the concentrated extract and then heated for a
few minutes. A blue-green or red color indicated the presence of iridoids.
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2.4. Experimental animals.

Male albino Wistar rats (Rattus norvegicus) weighing 200 gm were used in this study.
The rats were obtained from the National Research Center (NRC, Dokki, Giza). They were
grouped and housed in polyacrylic cages (six animals per cage) in the well-ventilated animal
house of the Zoology Department, Faculty of Science, Cairo University. Rats were given food
and water ad libitum. Rats were maintained in a friendly environment of a 12 hr/12 hr light-
dark cycle at room temperature (22 — 25 °C). They were acclimatized to laboratory conditions
for 7 days before the commencement of the experiment.

2.5. Ethical consideration.

The study's experimental protocols and procedures were approved by the Cairo
University, Faculty of Science, Institutional Animal Care and Use Committee (IACUC)
(Egypt). All the experimental procedures were carried out in accordance with international
guidelines for the care and use of laboratory animals.

2.6. Acute toxicity study (LDso).

LDso of Gallium verum was determined according to the method described by Chinedu
et al. [23]. The animals have fasted for 12 hrs before the experiments then divided into 5 groups
(2 animals /group). G. verum extract was given at concentrations 10, 100, 300, and 600 mg/kg.
The animals have been observed 24 hrs for death and behavior changes. LDsg calculated from
the following equation:

LDsg = (M1+ Mo)/2 = (600+300)/2 = 450 mg/kg
where Mo is the maximum dose of G. verum that did not result in death.; My is the lowest dose
of G. verum that caused mortality.

2.7. Experimental design.

After one week of acclimatization, 18 rats were assigned into three main groups (6
rats/group). The rats were fastened for 24 hours before initiating the experiment.

Control group: rats administered distilled water (5ml/kg body weight; orally), followed
by distilled water one hour later.

Ulcer group: rats administered ethanol (5 ml/kg body weight; orally), followed by
distilled water one hour later.

G. verum: rats administered 99% ethanol (5 ml/kg body weight; orally), followed by
G. verum (45 mg/Kg body weight; orally) one hour later.

2.8. Animal handling and specimen collection.

After the end of all experiments, the rats were fully anesthetized with 3% sodium
pentobarbital [24,25]. Then, the stomach was removed and immediately blotted using filter
paper. Part of the stomach was stored at -80°C for biochemical analysis. Another part of the
stomach was suspended in 10% formal saline for fixation preparatory to histopathological
examination [26].
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2.9. Stomach homogenate preparation.

Stomach tissues were homogenized (10% w/v) in ice-cold 0.1 M Tris-HCI buffers (pH
7.4). The homogenate was centrifuged at 3000 rpm for 15 min., at 4°C, and the resultant
supernatant was used for the biochemical analyses [27].

2.10. Ulcer markers.

The gastric juice collected after opening the stomachs was centrifuged at 3000 rpm for
10 minutes to remove any solid remnants, and the volume of the supernatant was measured.
The pH of gastric juice was determined using a pH meter. The stomachs were examined for
ulcers under magnification (x10). The ulcer index was assessed as follows: if the ulcer length
is: < 1.0 mm = 1point, between 1 and 2mm = 2point, > 3mm = 3point. The sum of the scores
was divided by 10 (magnification of the lens) to obtain the ulcer index in rats [28].

2.11. Oxidative Stress Markers Assessment.

Malondialdehyde (MDA) was estimated as an index of lipid peroxidation [24],
glutathione reduced (GSH), nitric oxide (NO), glutathione-S-transferase (GST), and catalase
were determined in the stomach homogenate supernatant according to the manufactures
instructions using Biodiagnostic Kits (Giza, Egypt).

2.12. Histopathologic study analyses.

Stomach samples were fixed in 10% formal saline. Then, the paraffin-embedded
sections were prepared and cut into 5 um thick sections in a rotary microtome. Tissue sections
were stained with the hematoxylin-eosin dye (H&E) and evaluated for histopathological
alterations.

2.13. Immunohistochemistry.

Tissue sections of stomach samples were cut into positively charged slides and
rehydrated to distilled water. Antigen retrieval and blocking for both endogenous peroxidases
and protein were also performed. Tissue sections were washed in PBS and incubated overnight
at 4°C with primary anti- NF-xB p65 and anti- TNF-a antibodies (Santa Cruz, Biotechnology,
Inc. at a dilution of 1:100). After washing, tissue slides were incubated with HRP-labelled
secondary antibody (Abcam, UK. At a dilution of 1:1000). A dab-substrate kit (Thermo Fisher
Scientific) was used to develop the color. Finally, the slides were counter-stained using Meyers
hematoxylin. Control negative slides were obtained by deletion of the primary antibody step.
Positive expression was quantified as area % using CellSens dimensions software (Olympus,
Japan).

2.14. Statistical significance.

All Values were expressed as means * standard error of the mean (SEM). The
comparisons within groups were evaluated using one-way analysis of variance (ANOVA) with
Duncan post hoc test to compare the group means, and p < 0.05 was considered statistically
significant. SPSS for Windows (version 15.0) was used for the statistical analysis.
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3. Results and Discussion

3.1. Phytochemical qualitative analysis.

Data recorded in Table 1 demonstrated the determination of compounds from G. verum
L extract. The extract contains flavonoids, anthraquinones, tannins, iridoids, triterpenes,
steroids, phenols, and saponins, while it was free of cardiac glycosides and alkaloids.
Conventional medicines have been used to treat gastric ulcers for a long time. Accordingly,
many natural products have been examined for their anti-ulcerogenic effects [29]. In this way,
G. verum has proved to be beneficial, and it has been widely used throughout history as it
possesses antioxidant, cytotoxic for cancer cells, antimicrobial, protective and endocrine
effects.

Table 1. Quantitative determination of compounds from G. verum L extract.

Test G. verum extract
Flavonoids ++
Anthraquinones ++
Tannins ++
Iridoids ++
Triterpenes ++
Steroids ++
Phenols +
Saponins +
Cardiac Glycosides -
Alkaloids -

(-) negative reaction, + positive reaction, ++ strong positive reaction.

3.2. The curative potency of G. verum on juice volume, juice index, and pH of gastric ulcer in
rats.

The data in Table 1, in addition to stomach ultrastructure in Figure 1, indicate that
gastric juice volume and ulcer index were significantly increased (P<0.05) while the pH was
significantly decreased (P<0.05) in the ulcer group compared with the corresponding control
group..

Table 2. Curative effect of G. verum on gastric ulcer markers in rats.

Groups Gastric juice pH Gastric juice volume (ml) Gastric ulcer index

Control 3.80+0.22" 1.33+0.13% 0.44 +0.12 2
Ulcer 2.33+0.17° 5.58 £+0.30 ¢ 8.23+1.37°

G. verum 450+0.72° 450+0.37° 5.39 +0.53°

Values are mean £ SEM (n=6). Values with different superscript letters are significantly different (P < 0.05).

Figure 1. A, control rat stomach. B, model (ethanol and distilled wat
stomach.
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Increased gastric juice volume and gastric ulcer index in the ulcer group were attributed
to increased acid secretion, edema, hemorrhage, necrosis, and inflammation [30]. Treatment
with G. verum extract, however, revealed a significant rise in gastric acidity, in addition to a
decline in gastric juice volume and gastric ulcer index

3.3. The curative potency of G. verum on oxidative stress markers of gastric ulcer in rats.

Gastric MDA and NO levels were significantly elevated (P < 0.05), while GSH, GST,
and CAT levels were significantly decreased (P < 0.05) after ethanol administration compared
with the control group. It is well known that the pathogenesis of ethanol-induced gastric ulcers
requires oxidative stress and reactive oxygen species (ROS). The ethanol-induced gastric ulcer
is associated with increased purine degradation, leading to increased O»-radical development
and increased lipid peroxidation mediated by ROS [7]. In line with previous research, the
present finding showed that ethanol administration in rats contributed to a substantial increase
in the amount of MDA in stomach tissue [31]. The amount of malondialdehyde in the gastric
tissue was lowered by treatment with G. verum extract. Several experiments have shown that
the scavenging of free radicals by antioxidant compounds avoids gastric ulcer ethanol-induced
[32]. In ulcer-induced group depletion of GSH content, GST and CAT activities render gastric
tissues more vulnerable to oxidative injury [7]. In addition, the treatment with G. verum extract
showed substantial increases in GSH and CAT levels, specifying its antioxidant ability and
further confirming that the compound has gastroprotective properties against ethanol-induced
ulcer growth [33,34].In biological environments, nitric oxide (NO) is the principal reactive
nitrogen species. NO can react with various oxidative molecules to create reactive nitrogen
species, such as thiols and molecular oxygen (ROS) transition metals [35,36]. Here, a rise in
the amount of NO in the ulcer group was noticed [7]. In contrast, the treatment with G. verum
extract showed a substantial decrease in NO level protecting the stomach from more oxidative
harm [34]. Treatment with G. verum extract reversed the changes induced by ethanol. Our
results are consistent with different studies showing that the extraction of G. verum is an
effective free radical scavenger in stomach tissue [33].

Table 3. Curative effect of G. verum on oxidative stress markers of gastric ulcer induced by ethanol in rats.

Groups | MDA (nmol/g.tissue) NO GSH CAT activity GST activity
(umol/ g.tissue) (mg/g.tissue) (U/min) (U/min)
Control 0.61+0.052 373.36 £31.48 ¢ 1.85+0.10 ¢ 200.37 #6.31 ¢ 0.11+0.01°
Ulcer 1.53 +0.08 ¢ 882.56 +47.56 " 1.02 +0.07 @ 94.88 +3.49° 0.04 +0.00
G. 0.94 +0.06 ® 452.30 £92.83 2 1.45+0.15° 160.05 +10.12° 0.06 +0.01°
verum

Values are mean = SEM (n= 6). Values with different superscript letters are significantly different (P < 0.05).
3.4. Histopathological analysis.

Microscopic examination of gastric mucosa from the control group revealed normal
histological structure, which showed normal mucosa containing gastric glands with connective
tissue submucosa and muscular layer (Figure 2A). Meanwhile, the ulcer group revealed several
alterations that extended into the affected mucosa and submucosa. The mucosa showed severe
ulceration accompanied by extensive hemorrhages and necrosis with marked inflammatory
cells infiltration. The submucosa was expanded by marked edema, congested blood vessels,
and infiltration of inflammatory cells (Figure 2B). Administration of G. verum alleviated the
induced gastric damages. The mucosa appeared normal structure in most examined sections;
few individuals showed limited mucosal affection, which was illustrated by erosions, mild
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hemorrhages, and few mononuclear cell infiltrations (Figure 2C). The histological lesion score
showed a significant enhancement in group G. verum compared to the ulcer group that scored
the highest pathological destruction score (Figure 2D).
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Figure 2. Histopathological assessment of rat gastric mucosa (H&E stain). (a) Control group revealed the
normal histological structure of gastric mucosa. (b) Ulcer group showing extensive necrosis accompanied by
sloughing and destruction of lamina epithelial. (¢) G. verum group showing mild sloughing of lining epithelium
with few hemorrhages. (d) Histological lesion score. Data were expressed as means +SE. The significant
difference is conducted as at P<0.05.

The expression of NF-xB p65 and TNF-a was strongly detected in the affected mucosa
of the ulcer group (Figure 3A). However, the G. verum group presented moderate positive
staining for the aforementioned immune markers (Figure 3B). The area % of expression for
NF-kB p65 and TNF-a showed a significant decrease in G. verum group compared to the ulcer
group by 53.6% and 65.3 %, respectively (Figure 3C).

Our histological findings confirmed short-term exposure to ethanol-induced gastric
damage, hemorrhagic erosions, and increased gastric ulcer index (Ul): hemorrhagic
degeneration, submucosal edema, shedding of gastric pits, and decreased glycoproteins in the
gastric mucosal surface. Ethanol leads to overexpression of inflammatory factors NF-xB p65
and TNF-a. Meanwhile, a high level of inflammatory factors will prolong the pathological
progress of ulcers. Therefore, G. verum inhibited NF-xB signaling pathway by reducing the
expression of pro-inflammatory cytokines and repressing the translocation of NF-xB. G. verum
Up-regulate GSH, CAT, SOD, and the downregulation of MDA levels are associated with the
inhibition of the NF-xB pathway, which affects the expression of TNF-a.
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Figure 3. Immunohistochemical expression of NF-kB p65 and TNF-q, in the glandular gastric mucosa of
different groups. Charts presenting IHC area % expression of the immune markers positive staining. Data is
expressed as means +SE. The significant difference is considered at P<0.05.

4. Conclusions

The study's results clearly show that G. verum extract is a rich source of bioactive
compounds with antiulcer potential. Preventing oxidative stress-mediated mucosal damage,
limiting acid secretion, and suppressing pro-inflammatory cytokines are among the antiulcer
mechanisms of G. verum extract.
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