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Abstract 

Prunella vulgaris L. (Lamiaceae family) species is widespread throughout the world and the fruit-spike is used in folk medicine in 

many countries. The Romanian resource of Prunellae spica is poorly studied from a phytochemical and pharmacological point of 

view; accordingly, the present study aimed to evaluate the anti-ulcer action of a hydroalcoholic extract of this species with 

standardized polyphenol content. The extracts used were phytochemically characterized by the total polyphenol content (TPC) 

and by the determination of the constituents (phenol-carboxylic acids, flavonoids) by HPLC-MS/MS. Quantitative analysis 

showed the presence of flavonoids in glycosidic form in fairly large quantities (hyperoside, rutoside, isoquercitrin); on the other 

hand, smaller quantities of aglycones (quercetol, kaempferol, apigenin) were identified and quantified. Moreover, phenolcarboxylic 

acids, such as caftaric, ferulic, p-coumaric acid, were measured. Two types of doses (high dose - 50 mg/kg body weight (kgbw), 

respectively low dose 10 mg/ kgbw, values expressed in gallic acid equivalents) were administered preventively/curatively in 

rats with phenylbutazone-induced ulcer; ranitidine at 50 mg/kgbw was used as an activity control. Efficacy was quantified by 

measuring ulcer index, as well as by examination of gross features and histopathological changes. The hydroalcoholic extracts of 

Prunella vulgaris L. proved to have a dose-dependent antiulcerous action in curative treatment. As the titratable acidity is not 

decreased by the treatment, the effect is mediated by the prevention of oxidative inflammation of the mucosa. Histopathological 

results confirmed these in vivo results. Prunellae spica of Romanian origin is a plant resource rich in polyphenols that has 

shown protective effects on nonsteroidal anti-inflammatory drugs (NSAID)-related gastric ulcer. The observed effects are 

dose-dependent, probably mediated by inhibition of oxidative stress in the mucosa and promotion of regeneration processes. 

 

Rezumat 

Specia Prunella vulgaris L. (Lamiaceae) este răspândită în întreaga lume, iar fructul este folosit în medicina populară în multe țări. 

Resursa românească de Prunellae spica este puțin studiată din punct de vedere fitochimic și farmacologic, în consecință, prezentul 

studiu a avut ca scop evaluarea acțiunii anti-ulceroase a unui extract hidroalcoolic din această specie cu conținut standardizat 

de polifenoli. Extractele utilizate au fost caracterizate fitochimic prin conținutul total de polifenoli (TPC) și prin determinarea 

constituenților (acizi fenol-carboxilici, flavonoizi) prin HPLC-MS/MS. Analiza cantitativă a arătat prezența flavonoidelor în 

formă glicozidică în cantități mari (hiperozid, rutozid, izoquercitrin), pe de altă parte, au fost identificate și cuantificate 

cantități mai mici de agliconi (quercetol, kaempferol, apigenină). Mai mult, au fost cuantificați acizii fenol-carboxilici, ca 

acidul caftaric, ferulic, p-cumaric. Două tipuri de doze (doză mare - 50 mg/kgc, respectiv doză mică 10 mg/kgc, valori exprimate 

în echivalenți de acid galic) au fost administrate preventiv/curativ la șobolani cu ulcer indus de fenilbutazonă; ranitidină 50 mg/kgc a 

fost utilizată ca referință. Eficacitatea a fost cuantificată prin determinarea indicelui ulcerului, precum și prin examinarea 

caracteristicilor brute și a modificărilor histopatologice. Extractele hidroalcoolice de Prunella vulgaris L. s-au dovedit a avea o 

acțiune antiulceroasă dependentă de doză în tratamentul curativ. Rezultatele histopatologice au confirmat aceste rezultate in 

vivo. Prunellae spica de origine română este o resursă vegetală bogată în polifenoli care a demonstrat efecte protectoare asupra 

ulcerului gastric legat de medicamentele antiinflamatoare nesteroidiene (AINS); efectele observate sunt dependente de doză, 

probabil mediate de inhibarea stresului oxidativ în mucoasă și promovarea proceselor de regenerare. 
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Introduction 

Peptic ulcer is a common condition caused by 

environmental factors (consumption of spicy food, 

alcohol abuse, coffee, smoking, stress) [17, 38, 48], 

non-compliance with meal times, co-infection with 

Helicobacter pylori, as well as the abuse of drugs 

involved in iatrogenic aggression on the gastric mucosa 

(nonsteroidal anti-inflammatory drugs - NSAIDs, 

corticosteroids, etc.). The treatment relies on therapeutic 

classes such as proton pump inhibitors, antihistamines 

blocking H2 receptors which have anti-secretory 

action and can cause drug interactions (inhibition of 

CYP2C9, 2C19 for omeprazole, CYP3A4 for certain 

antihistamines H2 drugs) [25, 26]. Drugs with protective 

action on the gastric layer are used rather infrequently 

(prostaglandin analogues, carbenoxolone, sucralfate). 

Herbal medicine for gastric ulcers (preventive and/or 

curative actions) uses products containing mucilage 

(carrageenan, Malvae flos, Plantago herba) or glycyr-

rhetinic acid derivatives (Liquiritiae radix) whose 

structure was the basis of conception of carbenoxolone 

[9, 22]. 

There are currently few studies on the antiulcer 

action of flavonoids (luteolin, hyperoside) [4, 16] 

polyphenols (paeniflorine, albiflorine), and phenol-

carboxylic acids (chlorogenic acid, caffeic acid, 

rosmarinic acid) [3, 43, 56]. To quantify these effects 

on the decrease in gastric secretion and the increase in 

defence factors (endogenous prostaglandins), numerous 

studies have evaluated extracts standardized in phyto-

compounds [28]; thus, various methods of producing 

experimental ulcers have been developed - by ligation of 

the pylorus, by administration of reserpine, indomethacin 

or HCl/ethyl alcohol or by induction of stress ulcer; 

in all cases, the experimental animal used is preferably 

the rat. 

The present study aims to evaluate the antiulcerous 

potential of the hydroalcoholic extract of the spiciform 

inflorescence of the species Prunella vulgaris L. 

due to the high content of active ingredients [5, 32, 

39, 40, 45-47, 52]. Prunella vulgaris L. is a perennial 

species widespread in the Romanian flora. Although, 

the species is officinal in the 10th edition of the 

European Pharmacopoeia (monograph Common selfheal 

fruit-spike Prunellae spica) [15], it is hardly used in 

Romanian folk medicine. Consequently, phytochemical 

and phytopharmacological studies are insufficient to 

characterize native species. The officinalis species 

contain triterpene saponosides (ursolic acid, oleanolic 

acid), but studies in various parts of the world also 

indicate a high content of polyphenols and phenol-

carboxylic acids. 

The content of these active ingredients in Prunella 

species depends on the stage of development of the 

plant (with a maximum at the end of the flowering 

period) and its habitat [31]. However, the existing 

data in the literature concerning the chemical 

composition of the species Prunella vulgaris L. mainly 

refer to the product of Chinese origin. 

In the absence of published works on the species in 

Romania, the data reported by Golembiovka OI and 

Șahin S et al. could serve as a reference, because 

the soil and climate conditions existing in Romania 

are comparable (the climate is temperate continental 

similar to that of Ukraine, but harsher than in Turkey) 

[20, 51]. The authors mentioned having established a 

largely similar phytochemical profile, characterized 

by the presence of phenolic acids (rosmarinic acid, 

caffeic acid, ferulic acid, chlorogenic acid, proto-

catechuic acid) and flavonoids (rutoside, quercetol); 

the quantified compounds are in variable proportions 

depending on the plant parts used and the solvent 

used in the extraction. 

According to the literature, polyphenolic compounds 

have a gastro-protective effect by increasing the 

production of mucus, by suppressing the activity of 

neutrophils and pro-inflammatory cytokines [43, 44]. 

The present study aims to supplement the phyto-

pharmacological data missing in the case of species 

of Romanian origin. 

 

Materials and Methods 

Obtaining hydroalcoholic extracts  

Prunella vulgaris L. was collected in Mureș County, 

Romania and a specimen was archived as a voucher 

sample (PV-L-19) at the Department of Pharmacognosy 

and Phytotherapy, George Emil Palade University 

of Medicine, Pharmacy, Science and Technology of 

Târgu Mureș, Romania. The ground vegetable product 

(Prunellae spica) was extracted with the appropriate 

solvent (methanol/water = 70/30 v/v) on an ultra-

sonic bath at 40°C for 60 minutes. After cooling, the 

extract was filtered and the methanol was removed 

in a reflux apparatus at 40°C to protect the active 

ingredients which are thermo-labile. The obtained 

product was maintained in optimal conditions until 

its administration (aqueous suspension, and the 

reconstitution was carried out ex temporae by suspending 

it in freshly prepared distilled water). 

Chemicals. Solvents. Drugs 

All of the used substances were purchased from 

approved commercial sources: phenylbutazone - Nantong 

Jinghua Pharm (Nantong, China), methanol (used 

for obtaining the hydroalcoholic extract) - Poulten & 

Graf GmbH (Wertheim, Germany), ranitidine - 

Medochemie Ltd (Limassol, Cyprus), phenol red 

solution - Sigma-Aldrich (Darmstadt, Germany).  

Standardization of extracts 

Analysis of polyphenolic content was assessed by 

TPC method (total polyphenolic content) and by 

HPLC/MS/MS analysis. 

Total polyphenolic content 

The total polyphenolic content of the obtained extract 

was determined by the TPC method using a spectro-
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photometric method with Folin-Ciocâlteu reagent 

expressed in mg GAE/1 g dry vegetable product (gallic 

acid equivalent) as described by Singleton VL et al. 

[50]. We extracted 5 g of plant product with 50 mL of 

solvent, then 0.5 mL of the sample was diluted to 10 mL, 

the diluted sample being used in the determinations. 

The preparation of standards and samples for analysis 

was carried out in dark-coloured bottles, protected from 

light, using a methodology similar to Abdykerimova 

et al. [2]. 

Thus, 40 μL of sample or standard solution were diluted 

with 3160 µL of distilled water; then 200 μL of Folin 

Cocâlteu reagent and 600 μL of 20% NaHCO3 were 

added. After shaking and then storing it in the dark 

for 30 minutes, the absorbance of the samples was 

read at 765 nm. A fitting curve using gallic acid as 

standard was freshly prepared in the same conditions 

on the day of analysis. We used five points for the 

fitting curve (from the gallic acid stock solution of 

0.5 g/100 mL was removed 1, 3, 5, 7 and 10 mL and 

diluted to 100 mL with distilled water. Subsequently, 

the above described procedure was performed resulting 

in the final concentrations per samples 0.002, 0.006, 

0.01, 0.14 and 0.02 mg). The obtained determination 

coefficient was R2 = 0.9865. 

The determination of the total polyphenolic content 

of the extracts was used to calculate the doses 

administered to the experimental animals (daily dose 

and total cumulative dose, relative to the duration 

of treatment). 

HPLC/MS/MS analysis 

For the qualitative and quantitative analysis of the 

polyphenols in the plant extract, high performance 

liquid chromatography coupled with mass spectrometry 

(HPLC-MS) was used, according to the method described 

by Vlase et al. [8, 33, 35, 41]. Quantitative analytical 

determinations were performed on an HPLC/MS/MS 

system with a binary pump. Collision energy was 1.2 

V and fragmentation time 100 ms. Separation was 

performed on a Zorbax SB-C18 reverse phase 

chromatographic column, 100 mm x 3.0 mm i.d., 

3.5 μm (Agilent, USA). The mass spectrometer was 

an Agilent Ion Trap 1100 SL (Santa Clara, CA, USA) 

equipped with electrospray ionization (ESI) in negative 

regime (capillary +3000 V), 60 psi nebulizer, gas dry 

nitrogen at 12 L/ minute, dry gas temperature 360C. 

Characteristics of the separation process: elution 

solvents: mixture of methanol:acetic acid 0.1% v/v as 

mobile phase; elution - linear gradient starting with 

5% methanol and ending at 42% methanol at 35 

minutes; working temperature: 48°C; flow rate: 1 

mL/min; injection volume: 5  L.   

Chromatographic data were processed using Chem-

Station and software for acquisition: IonTrap Control 

manufactured by Brucker Daltonics Inc., software for 

analysis: Data Analysis manufactured by Brucker 

[8, 33, 35, 41]. 

Animals 

Wistar rats (300 - 330 g) from the Animal facilities 

of “George Emil Palade” University of Medicine, 

Pharmacy, Science, and Technology of Târgu Mureș, 

Romania were used. Throughout the experiment, the 

animals were maintained under standard conditions 

of temperature (22   2°C) and humidity (45 - 80%) 

with a day/night cycle of 12 hours. The animals 

received food corresponding to the species and had 

unlimited access to water and food. The accommodation 

and care of the animals also took into account the 

needs and characteristics of the species and hygiene 

standards. Each group included 10 animals, except for 

the control group which comprised 15 animals, 5 of 

which were euthanized shortly after ulcer induction 

in order to verify that the gastric lesions are present. 

All experimental procedures were performed in 

accordance with international guidelines for ethical 

research established and approved in advance by the 

Ethics Committee of “George Emil Palade” University 

of Medicine, Pharmacy, Science, and Technology of 

Târgu Mureș, Romania. 

Ulcer induction method 

For the induction of quantifiable gastric lesions, the 

phenylbutazone ulcer induction method was used. It 

was administered intraperitoneally in a single dose 

(150 mg/kg body weight (kgbw), the ulcerogenic effect 

was mediated by non-selective inhibition of cyclo-

oxygenases. The severity of ulcerative lesions was 

quantified by two methods, as follows: a qualitative 

one – the macroscopic score that assesses the severity 

of haemorrhagic lesions (0 – quasi-normal appearance; 

1 – minor lesions (punctiform); 2 – single or rare 

lesions; 3 – multiple lesions (frequent haemorrhagic 

spots and rare ulcers); 4 – lesions of high severity; 

5 – mucosa affected in totality and/ or perforations). 

The images were acquired using a professional camera 

(Nikon camera f22, ISO 600, 60 mm macro lens, flash) 

and stored until processing. The area of gastric 

haemorrhagic lesions was quantified by digitizing 

images (in uncompressed format, at a resolution of 

1600 x 1200 dpi, and a scale of 1:1 of the actual size, 

using the enhancement, segmentation, and analysis 

modules from the Scion Image software), transforming 

into gray tones and measurement of the haemorrhagic 

area by colour code (Figure 1). 

The areas of the lesions were measured in square 

pixels and were divided by the total area of the 

mucosa, by determining the percentage of the 

affected area. Ulcer index (UI) was determined 

based on the ratio of the area of the ulcerous lesions 

to the total area of the glandular mucosa and 

forestomach for each animal in the group based on 

the following formula: 

𝑈𝐼(%) =
∑(𝑢𝑙𝑐𝑒𝑟𝑎𝑡𝑒𝑑 𝑎𝑟𝑒𝑎)

𝑡𝑜𝑡𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑔𝑎𝑠𝑡𝑟𝑖𝑐 𝑚𝑢𝑐𝑜𝑠𝑎
∙ 100. 
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Figure 1. 

Image processing in the Scion Image software for estimating the ulcer area (arrow - measuring the surface of the 

selected area in square pixels) 

 

The estimation of the antiulcer action (degree of 

inhibition of lesions caused by the ulcer inducing 

agent, in the degree of protection in both preventive 

and curative treatment) was performed for each 

type of therapeutic intervention (medication, dose, 

duration of treatment) by comparison with the control 

group as follows: 

% 𝑜𝑓 𝑈𝑙𝑐𝑒𝑟 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =
𝑈𝐼𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝑈𝐼𝑡𝑒𝑠𝑡

𝑈𝐼𝑐𝑜𝑛𝑡𝑟𝑜𝑙
∙ 100.. 

 

 
Figure 2. 

Experimental design and activity planning (p.o. – oral administration; i.p. – intraperitoneal administration) 
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Group 1 (preventive) - coded PV1 high dose - 

administration of hydroalcoholic extract of Prunellae 

spica (equivalent to 50 mg total polyphenols/kgbw, 

expressed in gallic acid) by gavage, for 4 weeks, 

followed by ulcer induction by phenylbutazone; after 

24 hours, the animals were anesthetized by inhalation 

of isoflurane and euthanized by cervical dislocation, 

followed by the opening of the abdomen through a 

midline incision to remove the stomach after ligation 

of the pylorus and cardia; the stomach was incised 

along the line of the great curvature, and the gastric 

contents (when available) were removed, placed in 

Eppendorf tubes and centrifuged at 5000 rpm for 10 

minutes. An amount of 200 µL of supernatant was 

taken and diluted with distilled water; subsequent 

samples of it were used to determine acidity, using 

phenol red as indicator. 

Group 2 (preventive) - coded as PV2 low dose - 

administration of hydroalcoholic extract of Prunellae 

spica (equivalent to 10 mg total polyphenols/kgbw, 

expressed in gallic acid), by gavage, for 4 weeks; 

next, the procedure was identical to that performed 

on the previous group. 

Group 3 (curative) - coded as CV 1 high dose - after 

induction of ulcer by phenylbutazone, the animals 

were treated daily by gavage with hydroalcoholic 

extract of Prunella spica (high dose - equivalent to 

50 mg total polyphenols/kgbw, expressed as gallic 

acid) for 4 weeks; subsequently, the procedure was 

identical to the one described above. 

Group 4 (curative) - CV 2 low dose - the procedure 

was identical to that of group 3, except for the dose 

used (low dose - the equivalent of 10 mg total poly-

phenols/kgbw, expressed in gallic acid). 

Group 5 - coded as Control (15 animals/group) - a 

gastric ulcer was induced with a single dose of phenyl-

butazone 150 mg/kgbw intraperitoneally; 5 of the 

animals in this group were slaughtered after 24 hours - 

to demonstrate the occurrence of ulcerative lesions 

caused by drugs (to validate the ulcer induction method 

in the proposed animal model); the remaining animals 

(10/group, as in the other groups) received an equivalent 

volume of saline as the animals in the preceding groups 

for 4 weeks (for an equivalent procedure, taking into 

account in particular that the handling, restraint, and 

feeding of the animals induce stress and can influence 

the results of this type of experiment); 

Group 6 - activity control - coded as RAN - received 

ranitidine 50 mg/kgbw for 28 days, then phenylbutazone 

as an ulcerogenic agent, as well as the other groups, 

after which they were sacrificed and analysed as in 

the previous cases. 

A diagram of the experimental protocol (procedures, 

drugs) is presented in Figure 2. 

Microscopic analysis 

For the histological assessment, stomach specimens 

from any animals were opened along the larger curvature, 

washed, and fixed in 10% neutral formaldehyde for 

24 - 48 hours. After carefully grossing, representative 

tissue was included in paraffin blocks which were 

subsequently sectioned with the microtome at 5 µm. 

Two pathologists performed a blinded evaluation of 

the severity of the gastric injuries on haematoxylin-

eosin slides. The qualitative descriptors firstly involved 

the depth of injuries. They were classified as superficial 

erosions (acute ulceration of the foveolar layer), deep 

erosions (injuries of the foveolar and glandular layer), 

and acute peptic ulcers (involvement of the mucosa 

and muscularis mucosae). Presence or absence of 

haemorrhage and inflammation was also counted. 

Statistical analysis 

The experimental results were statistically processed 

using the GraphPad Prism 8 software. Quantitative 

data are presented as mean standard error. One-way 

ANOVA followed by Tukey’s post-hoc test was 

applied to assess statistical significance of the results 

(ulcer index, titratable acidity). The nonparametric 

Kruskal–Wallis test, followed by Dunn’s post hoc 

multiple comparisons test was used to compare the 

differences between groups for the macroscopic 

ulceration score. The significance threshold was set 

at p < 0.05. 

 

Results and Discussion 

Phytochemical assay 

The hydroalcoholic extract used in the pharmacological 

experiments contained polyphenols (expressed in 

gallic acid equivalents relative to the dried plant 

product used for extraction - Prunellae spica) of 36.44 g 

GAE/g. Of this total polyphenol, by HPLC/MS/MS 

analysis, several polyphenols (flavonoids, phenol-

carboxylic acids) were highlighted, the data being 

presented in Table I, and a representative chromatogram 

for the quantification of polyphenols in the hydro-

alcoholic extract is presented in Figure 3. The target 

analysis mode was made, based on positive compounds 

identification by using reference standards (so the 

specific retention time and MS spectra were already 

known). When analysing elution order we can state 

that the tendency is to elute firstly the more hydrophilic 

compounds because the chromatographic column is 

hydrophobic (C18); as such, just as classes, phenol-

carboxylic acids elute first, followed by heterosides, 

only then heteroside aglycons which are the most 

hydrophobic. 
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Table I 

Quantification of polyphenols in hydroalcoholic extract of Prunellae spica 

Identified 

compound 

Identified 

by UV/MS 

MS analysis 

mode 

Retention 

time (min) 

Specific ions for identification/ 

[M-H] ion > ions from spectra 
Amount (g/g of dry 

plant product)  

Caftaric acid yes MRM 2.10 311 > 148.6, 178.6 8.66 

Gentisic acid no/yes MRM 2.15 153 > 108.7 - 

Caffeic acid no/yes MRM 5.6 179.4 > 134,7 - 

Chlorogenic acid no/yes MRM 5.6 353.5 > 178.7, 190.7 - 

p-Coumaric acid yes MRM 8.7 163 > 118.7 3.10 

Ferulic acid yes MRM 12.2 193.2 > 133.7, 148.7, 177.6 4.17 

Hyperoside yes auto MS 18.6 463 > 254.9, 270.9, 300.7 62.95 

Isoquercitrin yes auto MS 19.6 463 > 254.9, 270.9, 300.7, 342.8 95.30 

Rutoside yes auto MS 20.2 609.1 > 254.9, 270.9, 300.7, 342.8 268.72 

Quercitrin yes auto MS 23.0 447.1 > 178.8, 300.7 7.28 

Quercetol yes auto MS 26.8 301 > 150.6, 178.6, 272.7 2.66 

Kaempferol yes auto MS 31.6 285 > 150.6, 256.7 3.71 

Apigenin yes auto MS 33.1 269.2 > 148.6, 150.6, 224.7, 226.7 5.28 

MRM (multiple reaction monitoring) – technique based on selection of a substance specific ion (used for phenol-carboxylic acids); 

auto MS – technique based on automated real-time MS/MS analysis of the sample that utilizes the best fragmentation information from a 

selection of prominent ions to be captured (used for all other polyphenolic compounds) 

 

 
Figure 3. 

Chromatogram of the hydroalcoholic extract of Prunellae spica 
(1 – caftaric acid, 2 – p-coumaric acid, 3 – ferulic acid, 4 – hyperozide, 5 – isoquercitrin, 6 – rutoside, 7 – quercitrin, 

8 – quercetol, 9 – kaempferol, 10 – apigenin) 

 

Macroscopic analysis of ulcerative lesions 

The ulcer lesions of each group were quantified by 

determining the ulcer index value (UI%). The percentage 

value of the UI (%) and the macroscopic score, the 

volume of the gastric contents and the titratable acidity 

are presented in Table II; none of the extracts, regardless 

of the administered dose, influenced titratable acidity. 

The extracts used do not have an anti-ulcer effect in 

preventive treatment (they do not influence the hydro-

chloric aggression induced by phenylbutazone), but 

they have a favourable effect over time, promoting 

the dose-related recovery of the mucosa in curative 

treatment. The gastro-protective effect of CV1 (high 

dose) and CV2 (low dose) measured by diminution of 

ulcerative lesions were 51.34% and 42.0%; however, 

this effect is much lower in comparison to ranitidine 

(71.53%). 

Table II 

Effect of treatments on quantitative descriptors of ulcer lesions - macroscopic score, ulcer index (mean  

standard deviation (SD)) 

Treatment Ulcer index (UI%) Macroscopic score Titratable acidity (mEq/L) 

PV1 high dose 20.51  8.43 4.10  0.99#† 39.01  10.99 

PV2 low dose 24.34  9.12 4.10  0.74#‡ 39.19  7.63 

CV1 high dose 15.69  8.74a 2.40  0.52* 37.53  5.03 

CV2 low dose 18.69  7.29 3.30  1.06 43.06  10.83 

Control 32.25  18.50 4.20  0.63 41.0  12.6 

RAN 9.18  4.80b 1.20  1.03** 24.59  12.74‡ 
ap < 0.01 (vs. Control); bp < 0.0001 (vs. Control); *p < 0.05, **p < 0.0001 (vs. Control); #p < 0.001 (vs. RAN); †p < 0.05 (vs. CV1 high dose); 
‡p < 0.05 (vs. Control) 
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Microscopic examination 

Microscopic examination of stomach specimens revealed 

a quasi-normal appearance of the regenerated mucosa 

of the ranitidine-treated group. In the case of the 

control group, multiple deep erosions, with injuries 

of the foveolar and glandular layer, were associated 

with large haemorrhages and severe inflammation. In 

the case of groups treated preventively with hydro-

alcoholic extract of Prunellae spica (PV1 high dose 

and PV2 low dose), although erosions were emphasized, 

they did not present large haemorrhagic areas. Moreover, 

if haemorrhages occurred, they were limited to the 

foveolar layer and were seen only in the low dose 

group (PV2). The groups that received curative treatment 

with hydroalcoholic extract of Prunellae spica (CV1 

high dose and CV2 low dose) showed patchy regeneration 

of the mucosa, but dysplasia of the glandular layer 

was highlighted to associate inflammation. Dysplasia 

of the glandular layer was seen in animals which 

received curative treatment with high dose hydro-

alcoholic extract (CV1). Figure 4 displays representative 

microscopic images of all of the described lesions. 

 

  
Figure 4. 

Representative images of ulcers and associated lesions in the studied groups 

 

There are many synthetic anti-ulcer drugs on the 

pharmaceutical market, but their use over a long period 

can lead to several side effects. Phytochemical 

compounds can be an alternative or their combination 

with synthetic substances for a synergistic action. 

The phytocompounds used in traditional medicine 

which contain active principles as protectors of the 

gastric mucosa belong to the different classes: mucilages 

(polysaccharides), sterols (derivatives of glycyrrhetinic 

acid) and, in particular, polyphenols which represent 

molecules with strong therapeutic interest. The studied 

extracts contain many substances belonging to the 

latter class (flavonoids, phenol-carboxylic acids). 

In addition to the saponoside content [15], Prunellae 

spica is a rich source of polyphenols (flavonoids, 

phenol-carboxylic acids) and is widely distributed 

in the spontaneous flora.  

The Romanian plant product is rich in total polyphenols 

and we can emphasize the presence of phenol-carboxylic 

acids in large quantities, as well as glycosidic flavonoids 

(hyperoside, rutoside, quercitrine) and, to a lesser 

extent, aglycones (quercetol, apigenin, kaempferol). 

The results obtained by our team are comparable both 

qualitatively and quantitatively to those reported by 

researchers from the nearby geographic area (Ukraine, 

Turkey). They quantified the polyphenolic content of 

the same species by HPLC methods with detection 

of arrays of photodiodes. In the plant originating in 

the Ukrainian Carpathians, the authors found several 

phenol-carboxylic acids (protocatechuic, rosmarinic, 

chlorogenic, caffeic and ferulic acids), flavonoids (in 

particular the glycosides of apigenin and luteolin), as 

well as other phytotherapeutic compounds of interest 

(proanthocyanidins, catechins and their derivatives) 

[20]. The Turkish team analyzed the phytochemical 

profile of 4 Prunella species (Prunella vulgaris L., 

Prunella laciniata (L.) L., Prunella grandiflora L., 

Prunella orientalis Bornm.). They calculated the 

phenol-carboxylic acid content (rosmarinic acid, 

caffeic acid, ferulic acid, chlorogenic acid, proto-

catechuic acid) and flavonoids (rutoside, quercetol) 

and optimized the extraction process [51]. 

In a recent review, Wang SJ et al. systematized the 

data concerning the phytochemical composition of 

the species Prunella vulgaris L. According to the 

data collected, Prunella vulgaris L. contains approx. 

200 compounds, their extraction being different 

depending on the solvent used: the aqueous extracts 

mainly contain polyphenols of the phenylpropanoid 

type (in particular rosmarinic acid and its derivatives, 

but also other phenol-carboxylic acids such as p-

coumaric acid and caffeic acid) as well as carbo-

hydrates (in particular monosaccharides - rhamnose, 

glucose, xylose); ethanolic extracts contain flavonoids 
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(rutoside and hyperoside being the main compounds, 

but other quercetol glycosides are present, as well as 

small amounts of luteolin, homoorinetine) and triterpene 

compounds (especially ursolic and oleanolic acids). 

Other compounds are in too small quantities to make 

the extraction profitable (sterols, coumarins, long 

chain fatty acids, volatile oil, vitamins, proteins, 

alkaloids) [53]. The triterpene compounds (ursolic 

acid, oleanolic acid, betulin) present in Prunella 

vulgaris L also have an antineoplastic potential, 

demonstrated in vitro on cell lines of murine melanoma 

[19]. 

Another team of Chinese researchers quantified 4 

phenol-carboxylic acids using an HPLC-ESI-MS/MS 

method for the screening of potential antineoplastic 

compounds in breast cancer (Yang A et al.): proto-

catechuic, caffeic, rosmarinic acids and protocatechu-

aldehyde. The study did not analyse the other poly-

phenols (flavonoids) present [54]. Previously, Ba Y 

and Wang Y (2017), using an HPLC-UV method with 

DAD detector, quantified caffeic and chlorogenic 

acids in Prunella vulgaris L. in order to study their 

antiproliferative effect on cancer cells of the thyroid 

(K1) [6]. Instead, in the plant of Romanian origin, 

caffeic and chlorogenic acids could be identified by 

mass spectrometry, but not quantified; on the other 

hand, other compounds of the same class are predominant 

(caftaric, p-coumaric, and ferulic acids). 

Liu J et al. quantified 10 antioxidant compounds of 

Prunella vulgaris L. which were studied to inhibit 

the proliferation of the A549 cell line by the MTT 

method. For this purpose, they used an HPLC-UV 

method coupled with MS identification, and the 

compounds identified were phenol-carboxylic acids 

(caffeic and rosmarinic acids), flavonoids (quercetol, 

hesperidin, luteolin), anthraquinones (rhein), and 

triterpenes (ursolic, oleoanolic, corosolic acids and 

oleanolic acid 3-O-glucuronide). The total content of 

the 10 compounds varied between 1.05 and 2.9 mg/g 

fresh plant depending on the geographical area, but, 

in all cases, the predominant compound was quercetol 

[30]. Contrary to these results, in our determinations, 

rutoside was the predominantly identified polyphenolic 

compound. 

Although longtime known and widely contained in 

plant products, polyphenols are reconsidered as model 

molecules for the design of compounds whose 

mechanism inhibits inflammatory, apoptotic and/or 

necrotic processes by preventing the formation of free 

radicals. The proposed mechanisms for antioxidant 

action are the prevention of the free-radical chain 

reaction involved in the formation of reactive oxygen 

species, the chelating capacity of metals, the increase 

in the amount of reduced glutathione, and the potentiation 

of the catalytic action of enzymes which act as 

trappers (catalase, superoxide dismutase). All these 

mechanisms serve as a shield against oxidative attacks 

in the gastric mucosa [18]. 

The antioxidant effect of flavonoids and phenol-

carboxylic acids responsible for the decrease in markers 

of oxidative stress (MDA - malonyldialdehyde) and 

the increase in the capacity of enzymatic and non-

enzymatic antioxidants (catalase, superoxide dismutase, 

glutathione peroxidase, high glutathione) has been 

demonstrated for the polyphenolic extract of Cuphea 

ignea and of some Salvia species [23, 36]. These 

effects of plant polyphenols have been described by 

Farzaei MH et al. in a systematic analysis concerning 

the inverse relationship between the intake of poly-

phenols and peptic ulcer: capture of free radicals, 

increased synthesis of glutathione and inhibition of the 

intracellular inflammatory pathway (MAPK – protein 

kinase activated by a mitogen, ERK – regulated extra-

cellular kinase, NF-kB – nuclear factor kappa B) [18]. 

Among phenol-carboxylic acids, similar actions are 

attributed to rosmarinic acid [37]. The anti-inflammatory 

action of rosmarinic acid can be explained by the 

inhibition of cyclooxygenase 2 (COX-2) [24]. Rosmarinic 

acid has an effect against inflammatory and oxidative 

markers: NO, IL-1ß, MMP2 (nitric oxide, interleukin-

1ß and matrix metallopeptidase 2) being useful for 

modulating lesions associated with inflammation 

[35, 44]. According to the literature, rosmarinic 

acid has a gastro-protective effect by increasing the 

production of mucus, by suppressing the activity of 

neutrophils and pro-inflammatory cytokines. Although, 

rosmarinic acid has many pharmacological actions, 

little is known about its bioavailability. Studies indicate 

that, after oral administration, rosmarinic acid is found 

in plasma and urine as conjugates [7, 42, 43]. 

Among the flavonoids, the most studied concerning the 

mechanism of action are quercetol and its glycosides 

(rutoside, quercitrin), which are present in the poly-

phenolic complex of Prunellae spica, according to 

our determinations. Even if the flavonic glycosides are 

more hydrophilic than their aglycones, their absorption 

is better and food supplementation with quercetol 

leads to plasma concentrations of the order of  mol/L 

(this fact shows the difference between nutritional 

intake and therapeutic supplementation [11, 18]. Of 

the quercetol glycosides, quercetin-3-O-β-D-glucurono-

pyranoside has been shown to have a dose-dependent 

protective effect in the indomethacin-induced ulcer 

model [34], this effect was later confirmed by Abdel-

Raheem IT for the rutoside [1]. The mechanism of 

anti-inflammatory action is closely linked to anti-

oxidant action; flavonoids act as scavengers of reactive 

oxygen species (superoxide anion, nitric oxide, peroxy-

nitrite) involved in the radical mechanism of genesis 

of inflammatory phenomena and increased levels of 

inflammatory cytokines, in particular of the tumour 

necrosis factor alpha (TNF) [11]. 

Kim YS et al. used the various agents inducing ulcers – 

ethanol/hydrochloric acid, NSAIDs, acute stress (water 

immersion-restraint stress-induced gastric lesion) to 
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elucidate the effect of phenols of plant origin 

(paeoniflorin, albiflorin and paeonol). The authors 

concluded that plant phenolic compounds work primarily 

by increasing the secretion of prostaglandin-related 

mucus formation as the first line of defence, in the 

absence of a consistent anti-secretory effect, as in 

our case [28]. The involvement of prostaglandins as 

substances promoting mucus formation was highlighted 

by these authors by assessment of the reduction in 

death induced by indomethacin in AGS cells (human 

epithelial gastric cell line); at the same time, a gastro-

protective effect dependent on endogenous sulfhydryl 

groups was observed, but independent of the formation 

of nitric oxide (NO) via NO-synthetase, a mechanism 

attributed to plant polyphenols by other researchers 

[18]. The cytoprotective mechanism involving the 

formation of prostaglandins was previously high-

lighted by Batista LM et al. They attributed the 

obtained effect to the luteolin content of Signonanthus 

arthrotrichus [10]. 

The hydroalcoholic extracts of the Prunella vulgaris 

L. species are an important source of flavonoids 

with an antioxidant and cytoprotective action on the 

gastric mucosa. In addition to increasing gastric 

microcirculation, activation of NO-synthetase and 

production of prostaglandins, some authors attribute 

cytoprotection to an antisecretory mechanism based 

on flavonoids (inhibition of histidine decarboxylase 

and consequent decrease in secretion of histamine) 

[18, 56]. Other authors (Drăgoi CM et al.) in an 

experimental model of contact hypersensivity induced 

by 2,4-dinitrofluorobenzene (DNFB) in BALB/c 

mice find that the polyphenols of Morus alba 

reduce the levels of histamine in treated animals 

[14], decreased histamine synthesis may be a likely 

mechanism of action. However, our study did not 

show a significant decrease in titratable acidity. The 

increase in the defence capacity against hydro-

chloropeptic aggression following the promotion of 

prostaglandin synthesis by plant polyphenols was the 

reason why the preventive effect of the extracts was 

studied over 4 weeks. Moreover, the experimental 

model used a nonsteroidal anti-inflammatory drug 

whose mechanism of action interferes precisely with 

this type of ulcer. The same timespan was used to 

assess the curative potential of the studied extracts. 

In this case, the inhibition of oxidative stress and 

inflammation, as well as the ability to re-epithelialize 

are more important than the amount of protective 

mucus, the formation of which is prostaglandin 

dependent. 

Evidence on the protective mechanisms of phyto-

compounds on ulcerative lesions has been provided 

by De Araújo R et al. by immune-histochemical 

determinations; thus, ethanol, or NSAIDs-induced 

ulcers are characterized by increased expression in 

the gastric mucosa of the nuclear factor kappa B-p65 

(NF-kB-p65) and of nitric oxide synthase inducible 

in response to aggression (iNOS); the severity of the 

lesion can be quantified using as a marker protein 

ZO-1 (Zone Occludes-1) characteristic of the tight 

junctions of the intact epithelium; the efficacy of the 

treatment is correlated with the tissue level of the 

up-regulation of ZO-1 and of the down-regulation 

of iNOS and NF-kB-p65; the authors also describe 

reduced levels of tumour necrosis factor, and of pro-

inflammatory cytokines - TNF, and interleukin 1 

(IL-1) [13], data are also confirmed by Zaghlool 

SS et al. and Carrasco-Pozo C et al. [12, 55]. 

Mechanisms of action attributed to polyphenols in 

gastric ulcer lesions are presented in Figure 5. 

Regarding the microscopic features, Simões et al. 

highlight the observable differences between the 

ethanol/HCl-induced ulcer model and that using 

indomethacin. In the first case, the aggressive action 

is more brutal and non-specific, manifested mainly 

by haemorrhage; in the second case, inflammation is 

predominant [49]. The model we chose (phenylbutazone-

induced ulcer) is similar in terms of mechanism to 

the indomethacin model, and our results are alike 

(reduction in erosion and inflammation, regeneration 

of the surface tissue layer). The ethanol-induced ulcer 

model (used by most authors to study the preventive 

effect of plant extracts, administered before the induction 

of the ulcer) [40, 47] is mainly characterized by 

desquamation, severe and marked erosion of the 

epithelial surface, vacuolation and necrosis, a disorderly 

and loose arrangement of the epithelial cells, as well 

as infiltrates of neutrophils/eosinophils [21, 29]. 

The same types of lesions are present in the case of 

ulcers induced by NSAIDs, but the phenomena are 

more discreet and regeneration is faster [27, 45]. The 

histological features, emphasized by the present study, 

showed that the hydroalcoholic extract of Prunella 

vulgaris L can be successfully utilized as a gastric 

mucosa protector, but the therapeutic doses and the 

time of administration, after a diagnosis of peptic 

ulcer, should be carefully evaluated. Although mucosa 

regeneration can occur, long-time use can induce 

dysplasia, with further risk for transformation in 

adenocarcinoma. However, in the case of proton pump 

inhibitors - PPIs (e.g. lansoprazole), largely used as 

antiulcer drugs, histological changes (intestinal metaplasia 

in rats) have been described. In addition, carcinogenicity 

studies have shown that all PPIs can induce, in the 

long term, dose-related gastric ECL cell hyperplasia 

and ECL cell carcinoids associated with hyper-

gastrinaemia due to inhibition of acid secretion. In 

the summary of the product characteristics associated 

with the marketing authorization, the European 

Medicines Agency (EMA) emphasizes that “the clinical 

relevance of these findings is unknown” [57]. 
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Figure 5. 

Mechanisms of action attributed to polyphenols in gastric ulcer lesions 

 

The hydroalcoholic extract can be used as an adjunct 

to prevent ulcer disease without risk of dysplasia. In 

the presence of the ulcerative niche, the curative effect, 

although present, can favour the dysplasia of the 

mucosa in the regeneration process. We consider that 

dysplasia after Prunellae spica extract administration 

to rats is an important signal that this kind of experiments 

should be repeated on other species. Prunellae spica 

is an officinal drug in 10th European Pharmacopoeia 

and is widely used in traditional Asian medicine, 

especially in China. Thus, we consider that our 

histological findings are important, although “clinical 

relevance of these findings is unknown” as EMA stated 

about PPIs. 

 

Conclusions 

The present study highlights the potential of the hydro-

alcoholic extract of Prunella vulgaris L. to be used 

as anti-ulcer agent; however, its preventive effect is 

rather modest, whereas the curative one, although 

present, may be unsafe because it may lead to 

dysplasia. However, clinical relevance of these findings 

is unknown. Demonstrated by reducing the surface 

area and thickness of the ulcerative lesion, the anti-

ulcerative effect is correlated with the polyphenol 

content and is not mediated by an antisecretory 

mechanism. 
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