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Abstract: The current study investigated lactoferrin's gastro-protective effect purified from cheese 

whey and marjoram tea against indomethacin-induced gastric ulcers in rats. Pre-treatment with 

lactoferrin, marjoram tea, or their combination was conducted for 21 days before introducing gastric 

ulcers (by a single oral treatment of 30 mg/kg indomethacin). Ulcer index, serum parameters 

(erythrocyte sedimentation rate, hemoglobin, iron, total iron-binding capacity, lactate dehydrogenase 

activity, and ferritin), and stomach inflammatory markers (Tumor necrosis factor-alpha and nitric oxide) 

as well as oxidative markers (malondialdehyde, reduced glutathione, and superoxide dismutase) were 

assessed. Also, the pathological changes were examined. The pre-treatment with lactoferrin either along 

with marjoram tea or alone promisingly inhibited the ulcer (77.97 and 60.96 %, respectively). 

Lactoferrin, marjoram tea, or their combination suppressed the elevation of lactate dehydrogenase 

activity, ferritin, tumor necrosis factor-alpha, nitric oxide, and malondialdehyde and the reduction of 

reduced glutathione and superoxide dismutase. The pathological findings revealed that lactoferrin either 

along with marjoram tea or alone promisingly prevented stomach tissue ulceration. The obtained results 

suggested the gastro-protective effect of lactoferrin purified from cheese whey and marjoram tea against 

indomethacin-induced gastric ulcers via their anti-inflammatory and antioxidant activity.  

Keywords: Lactoferrin; marjoram; gastric ulcer; indomethacin. 

© 2021 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative 

Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/). 

1. Introduction 

Gastric ulcer is one of the most prevalent peptic ulcer diseases [1, 2]. In addition to the 

pain and complications associated with the gastric ulcer, it also causes bleeding and may lead 

to death, albeit in insignificant numbers at the global level. [3, 4]. It is the inevitable 

consequence of exceeding destructive than defensive factors in the stomach. The destructive 

factors include high intake of fatty foods and alcohol, excessive intake of nonsteroidal anti-

inflammatory drugs (NSAIDs), smoking in addition to the Helicobacter pylori infection, while 

the defensive factors include antioxidant enzymes, nitric oxide, mucin production, surface 

phospholipids, prostaglandins in addition to growth factors [5]. The current medications of 

gastric ulcers, including proton pump inhibitors, H2-receptor blockers, and others, may exhibit 

various side effects in addition to the incidence of relapse and tolerance [6]. Hence, scientific 
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validation of protective natural agents against gastric ulcers may offer an effective opportunity 

to avoid the side effects of conventional therapies [1]. 

Lactoferrin (LF) is known as iron-binding multifunctional glycoprotein produced by 

exocrine glands and by neutrophils and contributes to the host defenses. Human and bovine 

lactoferrin has the same sequence homology and similar functions. LF inhibits bacterial growth 

either via the iron-binding ability or via inhibition of the bacterial adhesion. Also, LF possesses 

an anti-inflammatory effect [7]. LF is also present in camel milk [8]. Recent studies 

investigated and recommended LF as a protective agent and cure for COVID-19 [9]. LF can 

use as an effective treatment of Helicobacter pylori [10]. 

Marjoram (Origanum majorana), also known as sweet marjoram, is a famous plant 

utilized in folk medicine. Marjoram plant and their extracts exhibit potent antioxidant activity 

[11]. The antioxidant of marjoram can be attributed to the high content of phenolic compounds 

and flavonoids [12]. Çelik et al. [13] attributed the antioxidant effect of marjoram to the high 

content of rosmarinic acid, apigenin, caffeic acid, and rutin. Flavonoids, along with their anti-

inflammatory and antioxidant properties, help prevent and treat stomach ulcers [2, 3]. 

This work aimed to evaluate and study the gastroprotective effect of lactoferrin purified 

from cheese whey and marjoram tea against indomethacin-induced gastric ulcers.  

2. Materials and Methods 

2.1. Materials. 

Marjoram was purchased from a local farm, Giza, Egypt. Cheese whey powdered (3.25% 

moisture, 0.5% total fat, 65% total carbohydrates, 11% protein, and 8.5% total ash) was 

purchased from Bahçıvan Co., Turkey. Chemicals and pure reagents were purchased from 

Sigma Chemical Companies (Sigma-Aldrich, St. Louis, MO, USA). 

2.1.1. Animals.  

Male Wistar rats (12 weeks old) of 196.5 ± 9.85 g as mean ± SD were obtained from 

the animal house of the National Research Centre, Cairo, Egypt. Animals were kept 

individually in stainless steel cages under standard laboratory conditions (23–25 °C, 12 h 

light/dark cycle) and free access to diet and water. According to the Medical Research Ethics 

Committee, National Research Centre, Cairo, Egypt, this study has been carried out and 

followed the recommendations of the National Institutes of Health Guide for Care and Use of 

Laboratory Animals (Publication No. 85-23, revised 1985). 

2.1.2.  Animals’ diet. 

Balanced diet (12% protein supplemented from casein, 10% corn oil, 10% sucrose, 

58.5% maize starch, 5% fiber, 3.5% salt mixture, and 1% vitamin mixture), salt, and vitamin 

mixtures were prepared in accordance with AIN-93 [14]. 

2.2. Methods. 

2.2.1.  Isolation of bovine lactoferrin from cheese whey.  

The cheese whey samples have been dissolved and standardized to attain 20 % total 

solids. Lactoferrin was isolated from cheese whey according to the method described by Abdel-
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Salam et al. [15]. The bovine whey samples were adjusted to pH 7 by dropwise of 2N NaOH.  

Carboxy Methyl (CM)-Sephadex C-50 resin was hydrated and washed extensively in deionized 

water prior to use, then the moist CM-Sephadex C-50 was added and stirred gently using a 

magnetic stirrer Device at room temperature. The bovine whey- resin mixture was then 

transferred to a Buchner funnel and flask, and the spent whey recovered under a gentle vacuum. 

The resin washed with distilled water, followed by elution of bound lactoferrin with sodium 

chloride. The pooled elute of lactoferrin was adjusted to calculated volume with deionized 

water, and the extra salts were removed using dialysis techniques. The bovine lactoferrin 

extract was stored at -20 ºC until use.  

2.2.2.  Detection of lactoferrin purified from cheese whey using liquid chromatography. 

The lactoferrin purified from cheese whey was determined according to the method 

described by Abel-Salam et al. [16] using Waters Liquid chromatography equipped with 

Waters-600 E Multisolvent Delivery System and Waters Millennium program. The detection 

of bovine lactoferrin carried out using Waters 484 variable wavelength detector and reverse 

phase-HPLC- C18 column with 0.1 % TFA in water and acetonitrile. The wavelength detection 

was at 280 nm.  Bovine lactoferrin standard (Sigma, USA) was dissolved in HPLC mobile 

phase with known concentration, and 20 l was injected at the same condition as the samples. 

Bovine lactoferrin sample was detected and quantified by comparing peak areas of unknown 

samples with those of corresponding bovine lactoferrin standard solutions using the Waters-

Millennium Data System Program. 

2.2.3.  Marjoram tea preparation. 

Marjoram tea was prepared using the method described by Fecka and Turek [17]. The 

marjoram plant material was allowed to air drying and afterward pulverized in a grinder. 

Briefly, fifty grams of powder placed in a flask (2 L) with 1000 ml of distilled water and boiled 

for 15 min. The mixture was filtered twice, first through cheese-cloth (50% cotton /50% 

polyester) and then through filter paper (Whatman No.2). The marjoram tea was preserved in 

sterile dark bottles (500 ml) in a cool environment (4°C) until further use. 

2.2.4.  Evaluation of the gastro-protective effect. 

Thirty rats were divided after one-week acclimatization into five groups (n=6) as 

follows: 

G1: The control group where rats were daily orally given distilled water. 

G2: Indomethacin group (IND) where the gastric ulcer was induced in fasted rats on the 22nd 

day by oral administration of indomethacin (30 mg/kg) dissolved in 5% sodium bicarbonate 

[18]. 

G3: Lactoferrin + indomethacin group (LF+IND) where rats were pre-treated daily with 

lactoferrin (1ml) for 21 days, then the gastric ulcer was induced in fasted rats on the 22nd day 

by oral administration of indomethacin (30 mg/kg) dissolved in 5% sodium bicarbonate. 

G4: Marjoram tea + indomethacin group (MT+IND) where rats were daily pre-treated with the 

marjoram tea (1ml) for 21 days, then the gastric ulcer was induced in fasted rats on the 22nd 

day by oral administration of indomethacin (30 mg/kg) dissolved in 5% sodium bicarbonate. 

G5: Lactoferrin + marjoram tea + indomethacin group (LF+MT+IND) where rats were daily 

pre-treated with a freshly prepared mixture of lactoferrin and marjoram tea (1ml) for 21 days, 
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then the gastric ulcer was induced in fasted rats on the 22nd day by oral administration of 

indomethacin (30 mg/kg) dissolved in 5% sodium bicarbonate. 

All rats were fed on a balanced diet all over the study period. At the end of the study, 

total food intake, body weight gain, and feed efficiency ratio were calculated. 

2.2.4.1. Blood analysis. 

Twenty-four hours after administration of indomethacin, blood was collected from each 

rat under slight anesthesia. A portion of the whole blood was analyzed for erythrocyte 

sedimentation rate (ESR) and hemoglobin (Hb) according to Drabkin [19], and the remaining 

blood was centrifugated for 10 min at 1000g and serum of each rat was kept under -20 °C until 

used. Serum iron, total iron-binding capacity (TIBC), and lactate dehydrogenase (LDH) 

activity were determined according to Stookey [20], Betts and Stuart [21], and Zimmerman et 

al. [22], respectively. Serum ferritin was determined using Eliza kit (Glory Science Co., Ltd. 

China)  

2.2.4.2. Measurement of ulcer index. 

Rats were killed via decapitation, and the stomach was immediately separated from 

each rat and photographed. The ulcerated surface in each stomach was measured with a 

transparent millimeter-scale rule. The ulcer index (U.I) for each animal was calculated using 

the following equation [23]: 

U.I. = [ulcerated area/total stomach area] × 100. 

while the percentage of inhibition against ulceration was determined using the following 

equation: 

%Ulcer inhibition = [U.I. in control − U.I. in test] × 100/U.I. in control. 

2.2.4.3. Stomach homogenate analysis. 

Part of each rat's stomach was used in the histopathological examination, and the 

homogenate of the other part immediately analyzed for malondialdehyde (MDA), nitric oxide 

(NO), and reduced glutathione (GSH), according to Ohkawa et al. [24]  Montgomery and 

Dymock [25] and Sedlak and Lindsay [26], respectively. Also, stomach tumor necrosis factor-

α (TNF-α) and superoxide dismutase (SOD) were determined using Eliza kits (SinoGeneclon 

Biotech Co., Ltd). 

2.2.4.4. Histopathological studies. 

Tissue samples of stomach fixed in 10% formal saline were further processed for 

pathological examination using the automatic tissue processor and sectioned at 5 μm thickness 

by using the rotary microtome. Sections were stained with Hematoxylin and Eosin (H & E) for 

microscopical examination. The sections were examined using a Nikon research microscope. 

2.2.4.5. Statistical analysis. 

Statistical analysis was done using SPSS version 16. The results were expressed as 

mean ± standard error (SE) and analyzed statistically using a one-way analysis of variance 

(ANOVA) followed by the Duncan test. The statistical significance of difference was taken as 

P ≤ 0.05.  
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3. Results and Discussion  

As shown in Figure 1, the lactoferrin sample isolated from cheese whey was separated 

using reversed-phase high-performance liquid chromatography (RP-HPLC) by reverse phase-

HPLC- C18 Column with o.1 % TFA in water and acetonitrile. The peak of lactoferrin isolated 

from cheese whey was detected compared with the bovine lactoferrin standard (sigma). The 

peak of lactoferrin isolated from cheese whey appeared in the same retention time as the peak 

of bovine lactoferrin standard (sigma). 

 
Figure 1. HPLC-Chromatograms of (A) Bovine lactoferrin standard; (B) lactoferrin isolated from cheese whey. 

Nonsteroidal anti-inflammatory drugs (NSAIDs) can cause gastric ulcers through 

gastric mucosal cell damage, which develops due to the elevated mucosal permeability of 

active radicals, reduced blood flow, and damage of endothelial cells. The elevation of mucosal 

permeability results in low-grade inflammation [27]. To study the gastro-protective effect of 

lactoferrin and marjoram tea in the present work, indomethacin, as one of the NSAIDs, was 

used to induce gastric ulcers in rats indomethacin causes ulcers in various parts of the 

gastrointestinal tract [28, 29]. It was reported that indomethacin inhibits the two isoforms of 

the COX enzyme, causes severe damage in gastric tissue, and elevates lipid peroxidation in 

addition to its ability to generate ROS [30, 31]. According to Sabiu et al. [18], the ulcer scores 

can be graded from 0 to 5 based on the injury's severity. From the stomachs' photographs of 

different groups (Figure 2), it can be observed that the stomach of the control rat (Figure 2A) 

was normal (score = 0). The stomach of IND rats (Figures 2B1 and 2B2) showed very severe 

lesions (score = 4), while the stomach of rats that pre-treated with lactoferrin (Figure 2C) before 

ulcer induction showed almost normal mucosa (score = 0). The stomach of rats pre-treated with 

marjoram tea (Figure 2D) before ulcer induction showed one or two lesions (score = 2), while 

the stomach of rats pre-treated with lactoferrin and marjoram tea (Figure 2E) before ulcer 

induction showed almost normal mucosa (score = 0).  

Ulcer index was assessed in IND, LF+IND, MT+IND, and LF+MT+IND groups, and 

the percentage of inhibition was assessed in LF+IND, MT+IND, and LF+MT+IND groups. 

The ulcer index was found to be increased in the IND group while the pre-treatment with 

lactoferrin, marjoram tea, or their mixture suppressed the ulcer index's elevation (Figure 3A). 

https://doi.org/10.33263/BRIAC121.120131
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC121.120131  

 https://biointerfaceresearch.com/ 125 

 
Figure 2. Stomachs' photographs of different groups (A) Stomach of control rat; (B1 and B2) Stomach of rat 

treated with indomethacin showing mucosa with hemorrhagic erosion (arrows); (C) Stomach of rat that pre-

treated with lactoferrin before ulcer induction showing normal mucosa; (D) Stomach of rat that pre-treated with 

marjoram tea before ulcer induction showing slight hemorrhagic erosion (arrows); (E) Stomach of rat that pre-

treated with lactoferrin and marjoram tea before ulcer induction showing normal mucosa. 

The pre-treatment with the mixture of lactoferrin and marjoram tea was superior in 

inhibiting the gastric ulcer (Fig. 3B). The gastro-protective effect of lactoferrin, marjoram tea, 

and their mixture against indomethacin-induced gastric ulcers may be attributed to their anti-

inflammatory and antioxidant effects. Lepanto et al. [32] reported the anti-inflammatory effect 

of lactoferrin. The antioxidant and anti-inflammatory effect of marjoram tea may be attributed 

to the presence of polyphenols compounds [17]. Pimple et al. [33] found that 400 mg/kg 

marjoram tea (prepared with cold water for 24h) inhibited the ulcer induced by aspirin in 

diabetic rats with 22.38%. 

 
Figure 3. Ulcer index and % inhibition of different groups. (A) ulcer index after different treatments; (B) the 

percentage of ulcer inhibition of different treatments. The values are expressed as the means ± SE (n = 6). 

Different superscript letters on each par indicate a significant difference at P ≤ 0.05. IND, indomethacin; LF, 

lactoferrin; MT, marjoram tea. 

Although non-ulcerated and ulcerated rats consumed almost similar amounts of food, 

the bodyweight gain was found to be significantly decreased in the IND group (Table 1).  
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Table 1. Nutritional parameters of non-ulcerated and ulcerated groups. 

Parameters Groups 

Control 

normal 

IND LF+IND MT+IND LF+MT+IND 

Initial body weight (g) 196.67a±3.22 196.50a±5.09 196.33a±4.34 196.50a±3.54 196.67a±5.11 

Final body weight (g) 270.67a±3.17 255.67a±5.65 267.50a±8.00 259.17a±4.80 268.17a±10.50 

Body weight gain (g) 74.00b±4.55 59.17a±2.62 71.17ab±4.15 62.67ab±2.70 71.50ab±6.12 

Total food intake (g) 396.33a±3.90 382.17a±8.52 379.67a±12.43 387.83a±6.36 384.50a±5.19 

Feed efficiency ratio 0.19a±0.01 0.15a±0.01 0.19a±0.01 0.16a±0.01 0.19a±0.01 

The values are expressed as the means ± SE (n = 6). Different superscript letters in each row indicate a 

significant difference at P ≤ 0.05. IND, indomethacin; LF, lactoferrin; MT, marjoram tea. 

Regarding the serum parameters of non-ulcerated and ulcerated groups (Table 2), ESR, 

LDH, and ferritin were significantly elevated in the IND group compared to normal rats. The 

elevated ESR indicates inflammation [34]. Elevation of LDH activity in the current results is 

coinciding with Goineau and Castagné [35], who confirmed the release of LDH due to 

indomethacin-induced cell damage. Elevation of ferritin in the IND group may be attributed to 

the cell damage induced by indomethacin. Kell and Pretorius [36] reported that cell damage 

results in ferritin infiltration into the serum, missing the iron on the way. Hence, iron in an un-

bonded form can promote further cell damage. This also interprets the slight increase in serum 

iron concentration in the IND group. The pre-treatment of lactoferrin, marjoram tea, or their 

mixture suppressed the elevation in ESR, LDH, and ferritin. Although there was no significant 

change in Hb concentration among normal and IND groups, the pre-treatment with lactoferrin 

either alone or with marjoram tea significantly increased the Hb concentration. Pulina et al. 

[37] found that injection of lactoferrin elevated hemoglobin concentration in acute anemic rats. 

There was no significant change in TIBC level among different groups while a slight increase, 

not statistically significant, in iron was recorded by the IND group when compared to other 

groups. However, lactoferrin catalyzes the absorption of iron in the iron-deficiency state, 

lactoferrin chelates the excessive iron. Hence, LF protects the body from excessive iron-

induced damage [38]. Reported that LF increased hemoglobin and iron in suckling piglets [39]. 

Table 2. Serum parameters of non-ulcerated and ulcerated groups. 

Parameters Groups 

Control normal IND LF+IND MT+IND LF+MT+IND 

ESR (mm/h) 1.83a±0.31 6.83c±0.40 2.83ab±0.31 3.50b±0.43 2.33ab±0.49 

LDH (U/l) 234.70a±15.99 339.55c±12.51 256.55ab±13.51 289.88b±13.56 254.02ab±12.16 

Hb (g/dl) 13.14a±0.39 13.07a±0.53 14.71b±0.37 13.37a±0.34 14.50b±0.23 

Iron (mg/dl) 221.02a±8.10 230.76a±7.02 222.82a±5.43 228.53a±9.71 221.80a±5.98 

TIBC (µg/dl) 70.01a±0.92 70.28a±1.00 68.83a±1.14 70.26a±0.67 69.51a±0.94 

Ferritin (ng/ml) 73.55a±2.71 80.06b±0.69 76.06ab±2.26 79.70ab±0.49 73.40a±2.75 

The values are expressed as the means ± SE (n = 6). Different superscript letters in each row indicate a 

significant difference at P ≤ 0.05. IND, indomethacin; LF, lactoferrin; MT, marjoram tea. 

Table 3 represents the parameters assessed in the stomach homogenate. Significant 

elevations in TNF-α, NO, and MDA compared to normal rats were observed in the IND group. 

GSH and SOD significantly decreased in the IND group in comparison to normal rats. The 

pre-treatment of lactoferrin, marjoram tea, or their mixture suppressed either the elevation in 

TNF-α, NO, and MDA or reduced GSH and SOD. Kim et al. [40] found that lactoferrin 

reduced TNF-α and exhibited an anti-inflammatory effect.  The ameliorative effect of 

lactoferrin on oxidative markers (MDA, GSH, and SOD) may be attributed to lactoferrin's 

ability to prevent the formation of free radicals. Kell et al. [41] mentioned that after lysis of 

erythrocytes, serum ferroxidase ceruloplasmin could transfer iron to lactoferrin which prevents 
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the generation of hydroxyl radicals in the healthy person. Also, Wang et al. [42] confirmed 

that bovine lactoferrin's intake elevated the activity of glutathione peroxidase and superoxide 

dismutase in the piglets via the regulation of mRNA expressions of these enzymes. Han et al. 

[43] reported that bovine LF reduces the inflammation and oxidative markers in the lung.  

Fecka and Turek [17] reported that caffeic acid derivatives, including rosmarinic acid, 

glycosides of luteolin, and hydroquinone are among the phenolic content of marjoram tea 

(prepared with hot water) and to which the antioxidant effect of marjoram tea can be attributed. 

LF is considered an effective treatment of iron deficiency anemia [44]. Whether the main cause 

of the ulcers is Helicobacter pylori infection or the use of nonsteroidal anti-inflammatory 

drugs, people with stomach ulcers suffer from abdominal pain [45] and iron deficiency anemia 

[46, 47]. Therefore, it is assumed that marjoram tea, as a treatment for stomach upset, along 

with lactoferrin, as a treatment for anemia, may be useful in gastric ulcer and related anemia. 

So, further studies are required to assess marjoram tea's effect along with lactoferrin in people 

with stomach ulcers. 

Table 3. Stomach parameters of non-ulcerated and ulcerated groups. 

Parameters 

Groups 

Control 

normal 
IND LF+IND MT+IND LF+MT+IND 

TNF-α (pg/g tissue) 12.41a±0.86 39.21d±0.57 26.68bc±1.47 29.56c±0.90 25.44b±1.01 

NO (umol/g tissue) 46.99a±1.56 59.76c±1.42 51.55b±1.21 50.75ab±1.33 48.26ab±0.82 

MDA (nmol/g tissue) 10.58a±0.51 28.82d±0.90 14.82b±0.63 17.00c±0.58 13.13b±0.69 

GSH (mg/g tissue) 22.34d±0.67 11.94a±0.50 15.04b±0.47 18.46c±0.48 19.03c±0.81 

SOD (U/g tissue) 6.01b±0.31 4.32a±0.30 5.49b±0.37 5.56b±0.22 5.83b±0.31 

The values are expressed as the means ± SE (n = 6). Different superscript letters in each row indicate a 

significant difference at P ≤ 0.05. IND, indomethacin; LF, lactoferrin; MT, marjoram tea. 

From the histopathological findings (Figure 4), it can be observed that the stomach 

tissue photomicrograph of non-ulcerated rats (Figure 4 (1A and 1B)) was normal and the 

gastric mucosa was with normal thickness, the stomach tissue photomicrograph of IND rats 

(Figure 4 (2A)) showed gastric ulceration (stars) and other area of mucosa (rounded points) 

showed area of necrosis for mucosa cells also, the mucosa layer was thin when compared to 

the normal mucosa of control rat,  the stomach tissue photomicrograph of IND rats (Figure 4 

(2B)) showed gastric ulceration necrosis of mucosa (round points) and other area of mucosa 

(rounded points) showed cracks (small arrow) and cavitations (long arrow) of mucosa layer, 

the stomach tissue photomicrograph of IND rats (Figure 4 (2C)) showed area of gastric 

ulceration (arrow head), the stomach tissue photomicrograph of IND rats (Figure 4 (2D)) 

showed necrosis of the epithelial cells (star) and area of cavitations between gastric glands was 

seen (arrow head), the stomach tissue photomicrograph of rat that pre-treated with lactoferrin 

(Figure 4 (3A)) before ulcer induction showed area of gastric crack ulceration (arrow) and the 

gastric mucosa was within normal thickness and arrangement and the higher magnification 

(Figure 4 (3B)) showed irregular crack in mucosa layer of stomach (arrow), the tissue 

photomicrograph tissue photomicrograph of rat that pre-treated with marjoram tea (Figure 4 

(4A)) before ulcer induction showed little damage of surface mucous cells (star) and the higher 

magnification (Figure 4 (4B)) showed area of gastric crack (arrow) and the gastric mucosa 

showed irregular thickness while the stomach tissue photomicrograph of rats that pre-treated 

with lactoferrin and marjoram tea (Figure 4 (5A)) before ulcer induction showed the gastric 

mucosa within normal thickness and arrangement and the higher magnification (Figure 4 (5B)) 

showed that the gastric mucosa  and gastric glands were within normal. 
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Figure 4. Stomach tissues' photomicrographs of non-ulcerated and ulcerated groups. (1A) gastric mucosa of 

control normal rats was normal; (1B) high magnification of gastric mucosa of control normal rats showed 

normal thickness; (2A and 2B) gastric mucosa of IND group showed gastric ulceration (stars) and other area of 

mucosa (rounded points) showed area of necrosis for mucosa cells; (2C and 2D) high magnification of gastric 

mucosa of IND group showed cracks (small arrow) and cavitations (long arrow) of mucosa layer; 3A, gastric 

mucosa of LF+IND group showed area of gastric crack ulceration (arrow); (3B) high magnification of gastric 

mucosa of LF+IND group showed irregular crack in mucosa layer of stomach (arrow); (4A); gastric mucosa of 

MT+IND group showed little damage of surface mucous cells (star); (4B) high magnification of gastric mucosa 

of MT+IND group showed area of gastric crack (arrow); (5A) gastric mucosa of MT+LF+IND group showed 

the gastric mucosa within normal thickness and arrangement; (5B) high magnification of gastric mucosa of 

MT+LF+IND group showed normal gastric mucosa and normal gastric glands (H&E.X 40). IND, indomethacin; 

LF, lactoferrin; MT, marjoram tea. 

4. Conclusions 

 The obtained results indicated the gastro-protective effect of lactoferrin, marjoram tea, 

and their mixture against indomethacin-induced gastric ulcers in rats. Lactoferrin, marjoram 

tea, and their mixture suppressed either the elevation in ferritin, TNF-α, lipid peroxidation, and 

nitric oxide or the reduction in GSH and SOD after administration of indomethacin. Also, 

lactoferrin, marjoram tea, and their mixture showed notable improvement in the pathological 

findings of stomach tissue, emphasizing the superiority of lactoferrin alone or with marjoram 

tea in this concern. 
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