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Abstract 
Background and objectives: Acantholimon bracteatum (Girard) Boiss (Plumbaginaceae) is used in 

variety of diseases including hepatic ailments in the west regions of Iran. In the present study, the 

hepatoprotective effect of the methanol extract (ME) of A. bracteatum on formaldehyde (FA) induced 

liver injury has been investigated in adult male mice. Methods: Fifty six adult male mice were 

divided into 8 groups. The control group received normal saline. Group II (E2) was treated with 

formaldehyde 10 mg/kg. Group III to VIII (E3-E8) were treated with both FA (10 mg/kg) and the 

metanol extract at doses of 5, 10, 15, 20, 50 and 100 mg/kg, respectively. All animals were treated for 

2 weeks (once every other day). At the end of the morphology, histopathology of liver and serum 

levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline phosphatase 

(ALP) were evaluated. Results: Formaldehyde induced liver damage both in histology and function. 

The levels of ALT, AST and ALP enzymes had significantly increased in FA treated group. 

Administration of ME in all experimental groups significantly reduced serum levels of ALP (p= 0.02); 

however, AST was reduced significantly just in groups III (E3) and IV(E5) (p<0.002) who were 

treating with doses of 5 and 15 mg/kg of  A. bracteatum; similarly, ME at doses of 5 and 15 mg/kg 

protected liver histology against FA. Conclusion: The results showed that the ME of A. bracteatum 

has a protective effect on both histology and function of liver in low doses. 

 

Keywords: Acantholimon bracteatum (Girard) Boiss., formaldehyde-induced liver injury, 

hepatoprotective effect, Plumbaginaceae 

Introduction 

Physiological processes including metabolism and detoxification [1]. Based on these functions, 
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hepatic diseases and injuries remain one of the 

public health problems and one of the primary 

causes of morbidity and mortality in world [2]. It 

is well known that free radicals released from 

many environmental sources such as chemical 

industry can trigger liver cell damage. Recently, 

antioxidant agents have attracted researches 

about hepatoprotective potential of natural 

sources such as plants. Numerous plants are used 

for their protection and treatment of liver diseases 

in traditional medicine systems [3]. 

Detoxifications of toxicants lead to liver cellular 

stress and  hepatoprotective medications could be 

recommended for this distractive condition. Thus, 

natural based hepatoprotective treatment is a 

need of the medical treatment systems. Using 

many edible plants such as nutmeg, turmeric, 

chicory and others as the hepatoprotective 

remedy has been popularized for a long time 

[4,5]. Clinical investigations have demonstrated 

efficacy and safety of a number of herbal 

products in the treatment of liver diseases [6]. In 

the present study we have considered 

formaldehyde (FA) as a hepatotoxic compound 

which is used for producing hepatotoxicity in 

animals; it is a common chemical that is used in 

many industries and can cause damage in many 

key cellular components [7,8]. Plumbaginaceae 

plants with medicinally important genera like 

Limonium and Plumbago have been used as 

traditional remedies for treatment of liver disease 

[9,10]. Among the members of this family, 

Acantholimon has the most diversity. Although 

this genus has shown massive distribution in the 

world, no research has been conducted on the 

bioactivity or chemical compounds of these 

plants. A. bracteatum (Girard) Boiss. 

(Plumbaginaceae) is a woody sub shrub, highly 

branched, spiny, 0.5-1.9 m high with purple 

flowers and needle leaves, widely distributed in 

many different climatic regions of Iran and it is 

known as ‘prickly thrift’ in Europe. Traditionally, 

it has been used to treat jaundice, diabetes and 

other hepatoprotective effects in the western 

regions of Iran. The present study has been 

focused on evaluating the potential 

hepatoprotective effects of the methanol extract 

(ME) of A. bracteatum on formaldehyde (FA) 

induced liver injury in mice. 

 

Experimental 

Plant material 

The aerial parts of A. bracteatum were collected 

from wild population growing in East Azarbaijan 

province, Iran, at their flowering stage in June 10, 

2015. The voucher specimens were authenticated 

by the Department of Pharmacognosy (NO. 

2559) and they were deposited at the Herbarium 

of Department of Pharmacognosy Faculty of 

Pharmacy, Guilan University of Medical 

sciences, Rasht, Iran.  

 

Animals 

Fifty six adult male albino mice (20-25 g) were 

obtained from Razi Vaccine and Serum Research 

Institute. The animals were maintained on 12 h 

light and dark cycle, at 25±2 ºC and 60%-70% 

humidity with standard pellets diet. Animal 

welfare and experimental procedures were 

strictly in accordance with the guide for the care 

and use of laboratory animals published by the 

US National Institutes of Health (NIH 

publication NO. 85–23, revised 1996) and the 

related guidelines on the ethical use and care of 

laboratory animals issued by the Faculty of 

Medicine, Guilan University of Medical Science, 

Rasht, Iran (1930349905). 

 

Extraction 

A. bracteatum was dried in shade and pulverized 

in a dry grinder. The powdered material (300 g) 

was Soxhlet-extracted with 2.5 L of n-hexane, 

dichloromethane and methanol for a period of 72 

h (24h for each solvent). The crude extract was 

filtered, concentrated at 40 °C using a rotary 

vacuum evaporator, and dried in an oven at 40 °C 

for 4-5 h (yield 35.5% on a dry-weight basis). 

The methanol extract (2g) was used for 

hepatoprotective effects in the experiment. 

 

Experimental design 

Modified method of Gulec et al. has been used in 
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the present study [11]. The animals were divided 

into eight groups (seven mice in each group). 

Group I (E0) served as a normal control and 

received normal saline. Group II (E1) served as a 

toxicant control and received only 37% 

formaldehyde (10 mg/kg) for two weeks (3 days 

a week). Groups III-VIII (E2-E7)  received equal 

37% formaldehyde at a dose of 10 mg/kg body 

weight and after an hour, were treated with the 

methanol extract (ME) at doses of 5, 10, 15, 20, 

50 and 100 mg/kg, respectively for 2 weeks (once 

every other day). All samples were administered 

intraperitoneally using insulin needles. The 

animals were anesthetized and then scarified by 

cervical dislocation on the 15
th
 day. Blood 

samples were collected by cardiac and IVC 

puncture. Clear serum was separated by 

centrifugation (15000 rpm/15 min), collected in 

vials and kept at 4 ºC until further examinations. 

A portion of each liver was fixed in 10% 

formalin and kept for histopathological 

assessments. 

 

Determination of biochemical parameters 

Biochemical parameters were assessed according 

to standard methods. The serum alanine 

aminotransferase (ALT), aspartate 

aminotransferase (AST) and alkaline phosphatase 

(ALP) activities were measured by using the 

photometric method (DGKC) based of 

conversion of p-nitrophenylphosphate+H2O to 

phosphate + p-nitrophenol. The assay kits were 

obtained from Parsazmun Co., Iran. 

 

Histopathological analysis 

The livers were removed, fixed in 10% neutral 

buffered formalin for 72 h, dehydrated, and 

embedded in paraffin. Later, 5 μm sections were 

prepared followed by staining with 

haematoxylin–eosin for histological assessments. 

Vacuolization, necrotic cells, hypereosinophilic 

cytoplasm, congested blood vessels, congested 

blood sinusoids, degeneration of lobules and 

inflammatory cell infiltrations were used as 

criteria to assess the degree of histopathological 

features and graded from scores 0-3. 0: normal; 

1: mild injury; 2: moderate injury; 3: sever liver 

injury [12].  

 

Statistical analysis 

All data were expressed as mean ± SD. Multiple 

comparisons were performed by one-way 

analysis of variance (ANOVA) followed post 

Hoc (tukey). Value of p < 0.05 was considered to 

be significant. 

 

Results and Discussion 

The results of the hepatoprotective effect of ME 

are summarized in table 1. The levels of ALT, 

AST and ALP enzymes significantly increased in 

the formalin group compared to the control group 

(p<0.005). The mice treated with ME showed a 

significant decrease in ALT and ALP compared 

to the formalin group in some doses according to 

table 1 (p<0.05). AST also significantly increased 

in the formalin group compared to the control, E3 

(5 mg/kg) and E5 (15 mg/kg) groups (p<0.05). 

Doses of 5 and 15 mg ME showed the strongest 

hepatoprotective effect against formalin induced 

liver injury (table 1). 

The liver sections in control group showed 

normal cellular architecture with distinct hepatic 

cells, sinusoidal spaces and a central vein (figure 

1 A). In contrast, the E2 group exhibited the most 

severe damage. The liver sections in this group 

showed dilated congested blood sinusoids, 

congested blood vessel, inflammatory cells 

(lymphocytes) infiltration, necrosis, increasing of 

hypereosinophilic cytoplasm, degeneration of the 

hepatocytes and increased vacuole formation. 

The von kupffer cells were frequently seen and 

became more prominent (figure 1 B-E). Changes 

were almost improved in E3 group, which 

exhibited areas of normal liver architecture and 

patches of necrotic hepatocytes that was more 

similar to the control group (figure 1 F). The liver 

sections of the mice treated with ME in E4 group 

(figure 2 A) showed a relatively normal lobular 

pattern with a mild degree of lymphocyte 

infiltration compared to E2 group.  
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Table 1. The effects of methanol extracts of A.bracteatum on biochemical parameters of FA-induced liver injury in mice 

Groups Dosage ALT(Ul/L) AST(Ul/L) ALP(Ul/L) 

E1  normal saline 0.9% 49±17.88 81.83±19.35 237.80±120.03 
E2  10mg/kg FA 37% 92±7.65 

* 255.42±59.20 * 523.85±124.07
* 

E3 10mg/kg FA+5mg ME 51.33±14.05 
** 111.20±24.78

** 241.42±69.49
** 

E4 10mg/kg FA+10mg ME 52.66±7.94
** 211.50±115.30

 
278.16±114.67

** 
E5 10mg/kg FA+15mg ME 53±7.31

** 156.60±29.64
** 186±119.11

** 
E6 10mg/kg FA+20mg ME 72.33±34.71 246.16±112.25

 
243.33±55.95

** 
E7 10mg/kg FA+50mg ME 68.85±24.17 246.14±50.65

  253.85±157.60
** 

E8 10mg/kg FA+100mg ME 72.40±30.15 242.80±111.78 198.80±87
** 

Data are expressed as the mean ± SD, n = 7. ALT: alanine aminotransferase, AST: aspartate aminotransferase, ALP: alkaline 

phosphatase  
a: p= 0.002, compared to the control group; b: p < 0.01, compared to the FA group; c: p < 0.05, compared to the FA group 

Figure 1. Photomicrographs of sections of liver stain H & E. (A): normal cellular architecture with distinct hepatic cells, 

sinusoidal spaces and a central vein in control group. X400 (B, C, D and E): sections of formaldehyde-treated liver (Group E2) 

showed degeneration of the hepatocytes (B-X400), inflammatory cells infiltration (C- X200), increased kupffer cells, 

hypereosinophilic cytoplasm (D-X400) and necrosis (E- X100). (F): changes were almost improved in E3 group. X200. 

Figure 2. Photomicrographs of sections of liver stain H & E. (A): mild degree of lymphocyte infiltration in E4 group. X100 (B): 

a section of E5 group showed lymphocyte infiltration and congested blood vessel (CBV). X200 (C): Liver cells treated with 20 

mg of the ME showed central venous distension, and mild lymphocyte infiltration. X200 (D-G): The liver sections in E6 group 

showed lymphocytes infiltration (D X200), vacuole formation(E X200), congested blood vessel, lymphocytes infiltration (F 

X100) and increased kupffer cells (G X400). (H-L): lymphocytes infiltration (H X200), central venous distension (I X200), 

congested blood vessel (J X400), hyper eosinophil cell (K X400) and increased kupffer cells (L X100) in E7 group.
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Histopathological  observations  of liver  sections 

from the E5 group showed a relatively normal 

lobular pattern with a mild degree of lymphocyte 

infiltration and congested blood vessel (figure 2 

B). The animals treated with 20 mg/kg of the ME 

in E5 group (figure 2 C) showed improvement in 

liver histology with central venous distension and 

mild lymphocyte infiltration compared to E2 

group.  

Treatment with 50 and 100 mg/kg ME in E7 and 

E8 groups could not improve liver histology 

against FA. There were no differences in 

histology in these groups. In both groups the liver 

damage sings included infiltration of 

inflammatory mononuclear cells, congested 

blood vessel, central venous distension, increased 

kupffer cells compared to the control group 

(figure 2 H-L). 

Administration of FA during 2 weeks caused 

clear changes in the liver tissue and functions. 

Excessive production of reactive species 

produces damage through oxidation which 

engaged cellular components [13]. FA can lead to 

oxidative damage in biological systems. Some 

significant changes include activation of necrosis 

factor kB (NF-kB) and decrease in activities of 

superoxide dismutase and glutathione peroxidase 

[14]. In the present study, the FA group clearly 

showed infiltration of inflammatory cells, 

hypereosinophilic cytoplasm, kupffer cells 

accumulation and dilated blood sinusoids [15]. 

The accumulation of Kupffer cells in FA-treated 

animals liver lobules was attributed to 

accumulation of the formaldehyde reactive 

chemical intermediates. The formaldehyde 

hepatotoxic mechanisms may be the result of 

increase in the production of the reactive species 

such as ROS and other oxidant intermediates, 

that caused breakage in DNA structure and 

protein cross links [11,16,17]. Liver enzymes 

such as ALT and AST released and elevated in 

blood during FA exposure. Considering these 

liver marker enzymes can be useful parameters 

for monitoring liver condition. One of the major 

goals in hepatotoxicity treatment is maintaining 

the liver enzymes level in normal range. Natural 

remedies have shown suitable activity for liver 

protection in traditional systems of medicine 

[18,19]. 

Hepatoprotective effects of some 

Plumbaginaceae plants such as Limonium sinense 

(Girard) Kuntze, Plumbago zeylanica (L) have 

been determined previously. Compounds from 

the aqueous extracts of L. sinense roots have 

shown hepatoprotection through mitochondrial 

mechanisms [20]. In another research the L. 

sinense root polysaccharides showed 

hepatoprotective effects [21]. Similar potencies 

were also observed in P. zeylanica [22]. In the 

study, A. bracteatum methanolic extract showed 

maximum preservative effects in liver cell at the 

concentration of 10 mg, similar effect observed 

in other concentration against FA. 

The methanol extract of A. bracteatum probably 

exerts its protective action against formaldehyde 

induced liver cell metabolic alterations by the 

antioxidant effect on formaldehyde induced 

toxicants[21] 

It has been hypothesized that one of the principal 

causes of FA induced liver injury is lipid 

peroxidation induced by the free radical 

derivatives of FA. Thus, antioxidant activity or 

inhibition of free radicals generation could be 

important in the protection against FA induced 

liver injury by A. bracteatum (Girard) Boiss. 

methanol extract. The results obtained from the 

present study indicated that the methanol extract 

from the areal parts of A. bracteatum (Girard) 

Boiss. exhibited hepatoprotective effect against 

FA induced liver damage with decreasing the 

serum levels of ALT and AST (maximum effects 

at the 5 and 15 mg/kg dose of ME) towards their 

respective normal value that is an indication of 

stabilization of plasma membrane as well as 

repairing of hepatic tissue damage caused by FA. 

Effective control of ALP in ME treated groups 

points towards the FA group showed an early 

improvement in the secretary mechanism of 

hepatocytes. Histopathological observations also 

support the hepatoprotective potential of A. 
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bracteatum (Girard) Boiss. methanol extract. 
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