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Abstract 
 

Background: Several herbal remedies are used in traditional medicine for treatment of liver 
disorders, but their efficacy, safety, and dosage have not been investigated so far.  
Objective: The present study was aimed to evaluate the liver protective effects of medicinal 
herbs extracts such as Cynara scolymus leave (artichok), Cichorium intybus roots (chichory), 
Taraxacum officinale root (dandelium), Berberis vulgaris (barberry) root and stems extract in 
single and in combination form against carbon tetrachloride (CCl4) induced liver toxicity.  
Methods: Total 70 wistar male rat, aged 5 months were divided in 7 groups of 10 rats each. One 
group kept as normal and out of six CCl4 intoxicated groups one served as control, one received 
mixture of four extract and four groups received artichok, chichory, dandelium, and barberry in 
the dosage of 150, 300, 300 and 250 mg/kg/day respectively. The plant extracts were injected intra 
peritoneal simultaneously with intoxication for three days. Three days after intoxication and 
extract treatments the serum liver enzymes levels such as ALT, AST and ALP as well as serum 
gluthathion and catalase were determined. 
Results: In group receiving mixture of 4 herbal extract the blood level of ALT, AST and ALP 
were reduced significantly as compared to control group. In all the groups receiving herbal 
extracts the serum glutathione and catalase levels did not differ as compared to control groups. 
Conclusion: In the present study administration of chichory, artichoke, dandelium and 
barberry in combination form prevent liver intoxication withought influence on serum 
antioxidant properties. 
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Introduction 
Numbers of plant remedies have been used 

by traditional practitioners for the treatment of 
liver disorders for centuries [1, 2]. Artichoke, 
chichory, dandelium and barberry are the 
plants used widely in hepatotprotective 
preparations [3, 4]. Artichoke leave extract is 
one of the phytopharmaceuticals who's 
experimential and clinical studies show to be 
effective for improving digestion and liver 
function as well as lowering blood cholesterol 
level [5 - 8]. Chichory root is an herb that has 
been known for its curative benefits since the 
first century A.D. This herbal medicine 
continues to be a popular herbal remedy due to 
its healing effects on several ailments 
including liver diseases, loss of appetite, 
jaundice, gallstones, gout and rheumatism [3, 
4, 9]. Dandelium is combined with other herbs 
to treat hepatitis, to enhance immune response 
to upper respiratory tract infections, and others 
[10]. The Commission E Monographs 
recommends dandelium root for restoration of 
hepatic and biliary function, dyspepsia, and 
loss of appetite [11]. Some modern 
naturopathic physicians assert that dandelium 
can detoxify the liver and gallbladder, reduce 
side effects of medications metabolized by the 
liver, and relieve symptoms associated with 
liver disease [12]. All parts of the barberry 
plant have long been used as an herbal remedy 
for the treatment of a variety of complaints 
including liver dysfunction, gallbladder 
disease, diarrhea, indigestion and urinary tract 
diseases [1-3]. The hepatoprotective effects of 
these plants have been reported in several 
experimental studies [13-17]. In present study 
the liver protective effect of hydroalcholic 
extract of artichoke leaf, chichory roots, 
dandelium roots and barberry roots and stems  
 

 

were determined in liver intoxicated rats in 
single form and in combination. 
 

Materials and Methods 
Animals 

Total 70 Male 5 month old wistar rats (150 
– 200 g), were purchased from central animal 
house of Shaheed Beheshti University 
(Tehran, Iran). The animals were housed under 
standard conditions of light and dark cycle 
with free access to food (Behparvar products) 
and water. The experimental protocols were 
approved by the Institutional Ethical 
Committee of Jahad Daneshgahee, Tehran 
Iran.  

 
Drugs 

Chemicals employed in these studies were 
reagent grade. Artichoke leave, chichory and 
dandelium roots and barberry root and stems 
were collected from Institute of Medicinal 
Plant Farm and their identity was authenticated 
by a botanist (Y. Ajani). One voucher 
specimen of the each plant (numbers 711, 329, 
1654, 1655 respectively) has been deposited in 
the Central Herbarium of the Research 
Institute of Medicinal Plants affiliated with the 
ACECR (Iranian Academic Center for 
Education, Culture and Research). 

 
Preparation of plants extract: The 

extracts preparation was performed by 
Institute of Medicinal Plant Tehran Iran. 
Briefly the dry plants materials were powdered 
and extracted with 70% aqueous ethanol using 
percolation method at room temperature. The 
extracts were filtered through Whatman no. 1 
filter paper and evaporated to dryness under 
reduced pressure at a maximum of 40ºC using 
a rotary evaporator instrument. 
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Experimental protocol 
The rats were divided in 7 groups of 10 rats 

each. One group kept as normal and liver 
intoxication were induced in 6 groups by intra 
peritoneal injection of 1 ml/kg of 1:1 carbon 
tetrachloride in olive oil for two successive 
days. The plant extracts were dissolves in 
distilled water and injected intraperitonealy 
simultaneously with intoxication. 

 
Experimental groups 

Normal: Rats in this group received no 
treatment. 

Control: One group of CCl4 intoxicated 
rats received IP injection of distilled water. 

Artichoke: One group of CCl4 intoxicated 
rats received IP injection of artichoke 150 
mg/kg/day. 

Chichory: One group of CCl4 intoxicated 
rats received IP injection of chichory extract 
300 mg/kg/day. 

Dandelium: One group of CCl4 intoxicated 
rats received IP injection of dandelium 300 
mg/kg/day. 

Barberry: One group of CCl4 intoxicated 
rats received IP injection of barberry 250 
mg/kg/day. 

Mixture of 4 herbal extract: One group of 
CCl4 intoxicated rats received IP injection of 
artichoke 150, chichory 300, dandelium 300 
and barberry 250 mg/kg/day in combination. 
 
Serum biochemical study 

Three days after liver intoxication and 
extract treatments to rats, the blood samples 
were collected from rat heart under chloroform 
anesthesia. The serums were used for 
assessment of liver function and serum 
antioxidative activity.  

Assessment of liver function: The serum  
 

liver enzymes such as serum ALT, AST and 
ALP were determined in all groups.  

Assessment of serum anti oxidative 
activity: The reduced serum glutathione and 
catalse enzyme levels were measured as 
indication of serum antioxidative activity. 

Serum glutathione: Serum reduced 
glutathione (GSH) in the serum was assayed 
by the method of Jollow et al [18]. Briefly, 1.0 
ml of PMS (10%) was precipitated with 1.0 ml 
of sulphosalicylic acid (4%). The samples 
were kept at 4°C for at least 1 hour and then 
subjected to centrifugation at 1200 g for 15 
minutes at 4°C. The assay mixture contained 
0.1 ml filtered aliquot and 2.7 ml phosphate 
buffer (0.1 M, pH 7.4) in a total volume of 3.0 
ml. The yellow colour developed was read 
immediately at 412 nm on a 
spectrophotometer.  

Serum catalase activity was assayed by the 
method of Claiborne et al [19, 20]. Briefly, the 
assay mixture consisted of 1.95 ml phosphate 
buffer (0.05 M, pH 7.0), 1.0 ml hydrogen 
peroxide (0.019 M) and 0.05 ml PMS (10%) in 
a final volume of 3.0 ml. Changes in 
absorbance were recorded at 240 nm. Catalase 
activity was calculated in terms of k minutes-1.  
 
Statistical analysis 

All values obtained are expressed as the 
mean ± SD. Each mean value is compared by 
one-way analysis of variance and Fisher’s 
protected significant difference for multi 
comparison as the post hoc test. The level of 
significance was set at p<0.05. 

 

Results 
The average finding of blood parameters in 

all experimental groups at the end of the study 
are summarized in table 1. Results showed that  
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Table 1- Serum liver enzymes and antioxidative parameters levels in CCl4 intoxicated rat treated with herbal 
extracts 

Groups (n=10) Serum parameters 

 
Alanine 

transamina 
(U/L) 

Aspartate 
transaminase 

(U/L) 

Alkaline 
phosphatase (U/L) 

Glutathione 
(µM) 

Catalase 
(µM) 

Normal 112 ± 23 63 ± 12 340 ± 57 24.16 ± 4.3 18.31 ± 4.1 
Control 1561 ± 196 1225 ± 254 1200 ± 223 2.35 ± 1.0 3.29 ± 0.6 
Artichok 150 
mg/kg 

1470 ± 109 1129 ± 203 1194 ± 230 4.52 ± 1.6 4.02 ± 0.9 

Chichory 300 
mg/kg 

1431 ± 121 1221 ± 180 1116 ± 193 4.62 ± 1.8 4.78 ± 2.1 

Dandelium 300 
mg/kg 

1530 ± 132 1100 ± 192 1215 ± 199 4.33 ± 2.2 5.23 ± 1.8 

Barberry 250 
mg/kg 

1312 ± 115 1249 ± 161 1312 ± 218 3.95 ± 1.9 4.45 ± 2.0 

Herbal extracts 
combination 

505 ± 52** 291 ± 53** 655 ± 41* 6.52 ± 1.2 6.74 ± 1.6 

Values are given as Mean ± SD.  
p<0.01∗, p<0.001∗∗ The data of herbal extract treated groups were compared to control group at the end of the study. 

 
carbon tetrachloride (CCl4) administration to 
rats caused a marked rise in serum levels of 
ALT, AST and ALP and marked reduction in 
GSH and CAT enzyme levels. 

In group treated with mixture of 4 herbal 
extract the blood level of ALT, AST, and ALP 
were reduced significantly (p=0.0009, 
p=0.0008 and p=0.003 respectively) as 
compared to control group. In four groups 
treated with artichok, chichory, dandelium and 
barberry extract the blood level of ALT, AST, 
and ALP did not differ as compared to control 
group. Determination of GSH and CAT 
indicate that in all the groups receiving herbal 
extracts as well as in combination therapy 
GSH and CAT levels did not differ as 
compared to control group. 

 

Discussion 
Carbon tetrachloride (CCl4) is a well-

known hepatotoxin and exposure to this 
chemical is known to influence the antioxidant 
enzymes such as peroxidase superoxide 
dismutase, catalase and glutathione peroxidase 

in the body and causes liver injury by the 
formation of free radicals [21, 22]. Liver 
injury by CCl4 induced inflammation of the 
hepatic cells results in serum elevation in the 
ALT, AST levels and inflammation of the 
biliary tract cells results predominantly in an 
elevation of the serum ALP levels.  

In present study the herbal medicine 
artichoke leaf, chichory root, dandelium root, 
and barberry root and stems extract did not 
influence the CCl4 induce liver toxicity in rats. 
Interesting finding is that four herbal 
combination treatments reduced ALT, AST 
and ALP liver enzyme. All herbal medicine 
extract at above dosage and combination did 
not influence antioxidative profile in serum.  

The mechanism underlying the protective 
effect these herbal medicine remains to be 
elucidated. It is established that plant phenolic 
such as flavonoids and other antioxidative 
compound have an important role in the 
process of many chronic diseases including 
liver disorders [23-26].  
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Artichoke contains cynarin and other 
flavonoids, polyphenols compound with 
antioxidant and hepatoprotective effect [27, 
28]. Several research works reported that 
hepato protective effect of artichok is due to 
antioxidant property of its chlorogenic acid 
and cynarin content [29]. 

Chicory contains esculetin a phenolic 
compound found in chicory was investigated 
for its anti oxidative and anti-hepatotoxic 
activity [30, 31]. 

Dandelium is a rich source of vitamins A, B 
complex, C, and D, as well as minerals such as 
iron, potassium, and zinc as well as bitter 
constituents like taraxecerin and taraxcin[32, 
33]. Its anti-inflammatory liver protective and 
antioxidant activity were reported in research 
studies [34-36].  

Barberry contains isoquinoline alkaloids 
such as berberine, as well as carbohydrates, 
organic acids, some vitamin, poliphenolic 
compounds, pectin tannin, mineral elements 
[37]. Antioxidant, cytoprotective and 
hepatoprotective properties of berberine is 
reported in experimental studies [38- 40].  

Our results support the hepato protective 

effect of artichoke, chicory, dandelium, and 
barberry reported by other researcher [27, 30, 
35, 38]. But in those studies the authors 
proposed that, the antioxidative properties of 
these plants on liver tissue may be an 
important factor for their protective effects.  

 
Conclusion 

The artichoke, dandelium, barberry and 
chichory extrct at low dosage are not 
hepatoprotective as single therapy but on 
combination at low dosage induced 
hepatoprotective effect. Our suggestion is that, 
hepatoprotective effects of above plants also 
investigate at different combination in future 
studies. 

 
Acknowledgements 

This study was supported by a research 
Grant 445/23 from the ACECER Tehran, Iran. 
We thank the administration of the Institute of 
Medicinal Plants for their support in providing 
the necessary facilities for conducting this 
study. 

 

 

References 
1.  Schuppan, Jia DJ, Brikhaus B, Hahn EG. 
Herbal products for liver disease: A 
therapeutic challenge for the new millennium. 
Hepatology 1999; 30: 1099 - 104. 
2.  Chevallier A. The Encyclopedia of 
Medicinal Plants Dorling Kindersley. London 
1996 ISBN 9-780751-303148. 
3.  Haji Sharifi A. Secrets of Herbal Medicine. 
Noskh-e-Shafa. 3rd ed. Hafez Novin Press. 
Tehran Iran, 2003, pp: 587-858. 

4.  Zarehzadeh A. The Encyclopedia of 
Medicinal Plants. Vol. 2; Vesal press Tehran. 
2002, pp: 154-162.  
5.  Europian Scientefic Corporative On 
Phytotherapy. The Scientefic Foundation for 

Herbal Medicinal Product. BSCOP (ed). 
ESCOP Pub: UK. 2003, pp: 201-209. 
6.  Marakis G, Walker AF, Middleton RW, 
Booth JC, Wright J, Pike DJ. Artichoke leaf 
extract reduces mild dyspepsia in an open  
 

82 

 [
 D

O
R

: 2
0.

10
01

.1
.2

71
72

04
.2

01
2.

11
.4

1.
9.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jm

p.
ir

 o
n 

20
26

-0
6-

10
 ]

 

                               5 / 9

https://dor.isc.ac/dor/20.1001.1.2717204.2012.11.41.9.5
https://jmp.ir/article-1-156-en.html


 

 

The Protective Effect …  

 

 

study. Phytomedicine 2002; 9 (8): 694 - 9. 
7.  Mehmetçik G, Ozdemirler G, Koçak-Toker 
N, Cevikbaş U, Uysal M. Effect of 
pretreatment with artichoke extract on carbon 
tetrachloride-induced liver injury and 
oxidative stress. Exp. Toxicol. Pathol. 2008; 
60 (6): 475 - 80. 
8.  Bundy R, Walker AF, Middleton RW, 
Wallis C, Simpson HC. Artichoke leaf extract 
(Cynara scolymus) reduces plasma cholesterol 
in otherwise healthy hypercholesterolemic 
adults: a randomized, double blind placebo 
controlled trial. Phytomedicine 2008; 15 (9): 
668 - 75. 
9.  Gadgoli C, Mishra SH. Antihepatotoxic 
activity of Cichorium intybus. J. 

Ethnopharmacol. 1997; 58 (2): 131 - 4 
10. Sweeney B, Vora M, Ulbricht C, Basch E. 
Evidence-based systematic review of 
dandelion (Taraxacum officinale) by natural 
standard research collaboration. J. Herb 

Pharmacother. 2005; 5 (1): 79 - 93. 
11. Blumenthal M, Goldberg A, Brinckmann J. 
Herbal Medicine: Expanded Commission E 
Monographs. 1st ed. Newton, MA: Integrative 
Medicine Communications 2002, pp: 78 - 83. 
12. Schütz K, Carle R, Schieber A. Taraxacum 
officinale a review on its phytochemical and 
pharmacological profile. J. Ethnopharmacol. 
2006; 107 (3): 313 - 23.  
13. Gruenwals J. PDR for Herbal Medicines. 
1St Ed. Montvale. NJ: Medical Economics 
Company, Inc. 1998, pp: 321-326.  
14. Maliakal PP, Wanwimolruk S. Effect of 
herbal teas on hepatic drug metabolizing 
enzymes in rats. J. Pharm. Pharmacol. 2001; 
53 (10): 1323 - 9. 

15. Adzet T, Camarasa J, Hernandez JS, 
Laguna JC. Hepatoprotective activity of 
polyphenolic compounds from Cynara 
scolymus against carbon tetrachloride toxicity 
in isolated rat hepatocytes. J. Nat. Prod. 1987; 
50: 612 - 7. 
16. Zafar R, Mujahid Ali S. Anti-hepatotoxic 
effects of root and root callus extracts of 
Cichorium intybus L. J. Ethnopharmacol. 
1998; 63 (3): 227 - 31.  
17. Janbaz KH, Gilani AH. Studies on 
preventive and curative effects of berberine on 
chemical-induced hepatotoxicity in rodents. 
Fitoterapia 2000; 71 (1): 25 - 33. 
18. Sedlak J, Lindsay RH. Estimation of total, 
protein-bound, and nonprotein sulfhydryl 
groups in tissue with Ellman’s reagent. Anal. 

Biochem. 1968; 25: 192 - 205. 
19. Bergmeyer HU. Zur Mesung von Katalase-
Activitäten. Biochem. Zeit. 1955; 327: 255 - 
258. 
20. Lowry OH, Rosebrough NH, Farr AD, 
Randall RJ. Protein measurement with the 
Folin reagent. J. Biol. Chem. 1951; 193: 265 - 
273. 
21. Ahmad FF, Cowan DL, Sun AY. Detection 
of free radical formation in various tissues 
after acute carbon tetrachloride administration 
in gerbil. Life Sci. 1987; 30: 41 (22): 2469 - 
75. 
22. Szymonik-Lesiuk S, Czechowska G, 
Stryjecka-Zimmer M, Słomka M, Madro A, 
Celiński K, Wielosz M. Catalase, superoxide 
dismutase, and glutathione peroxidase 
activities in various rat tissues after carbon 
tetrachloride. J. Hepatobiliary Pancreat. Surg. 
2003; 10 (4): 309 - 15. 

83 

 [
 D

O
R

: 2
0.

10
01

.1
.2

71
72

04
.2

01
2.

11
.4

1.
9.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jm

p.
ir

 o
n 

20
26

-0
6-

10
 ]

 

                               6 / 9

https://dor.isc.ac/dor/20.1001.1.2717204.2012.11.41.9.5
https://jmp.ir/article-1-156-en.html


Journal of Medicinal Plants, Volume 11,  
No. 41, Winter 2012 

 

Fallah Huseini & Authors  

 

23. de Groot H, Rauen U. Tissue injury by 
reactive oxygen species and the protective 
effects of flavonoids. Fundam. Clin. 

Pharmacol. 1998; 12 (3): 249 - 55. 
24. Kazazić SP. Antioxidative and antiradical 
activity of flavonoids. Arh. Hig. Rada. 

Toksikol. 2004; 5 (4): 279 - 90. 
25. Weisel T, Baum M, Eisenbrand G, Dietrich 
H, Will F, Stockis JP, Kulling S, Rüfer C, 
Johannes C, Janzowski C. An 
anthocyanin/polyphenolic-rich fruit juice 
reduces oxidative DNA damage and increases 
glutathione level in healthy probands. 
Biotechnol. J. 2006; 1 (4): 388 - 97. 
26. Groenbaek K, Friis H, Hansen M, Ring-
Larsen H, Krarup HB. The effect of 
antioxidant supplementation on hepatitis C 
viral load, transaminases and oxidative status: 
a randomized trial among chronic hepatitis C 
virus-infected patients. Eur. J. Gastroenterol. 

Hepatol. 2006; 18 (9): 985 - 9. 
27. Wang, M. “Analysis of antioxidative 
phenolic compounds in artichoke (Cynara 

scolymus L.).” J. Agric. Food Chem. 2003; 51 
(3): 601- 8. 
28. Maros T. “Effects of Cynara scolymus 
extracts on the regeneration of rat liver.” 
Arzneimittelforschung 1966; 16 (2): 127 - 29.  
29. Gebhardt R: Antioxidative and protective 
properties of extract from leaves of the 
artichoke (Cynara scolymnus L.) against 
hydro-peroxide-induced oxidative stress 
incultured rat hepatocytes. Toxicol. Appl. 

Pharmacol. 1997; 144: 279 - 86. 
30. Gilani AH, Janbaz KH, Shah BH. Esculetin 
prevents liver damage induced by paracetamol 

and CCL4. Pharmacol. Res. 1998; 37 (1): 31 - 
5. 
31. Sultana S, Perwaiz S, Iqbal M, Athar M. 
Crude extracts of hepatoprotective plants, 
Solanum nigrum and Cichorium intybus inhibit 
free radical-mediated DNA damage. J. 

Ethnopharmacol. 1995; 45 (3): 189 - 92.  
32. Schütz K, Carle R, Schieber A. Taraxacum 

officinale a review on its phytochemical and 
pharmacological profile. J. Ethnopharmacol. 
2006; 107 (3): 313 - 23.  
33. Jeon HJ, Kang HJ, Jung HJ, Kang YS, Lim 
CJ, Kim YM, Park EH. Anti-inflammatory 
activity of Taraxacum officinale. J. 

Ethnopharmacol. 2008; 115 (1): 82 - 8.  
34. Cordatos E. Taraxacum officinale. In: 
Murray M, Pizzorno J, eds. A Textbook of 
Natural Medicine. Seattle: Bastyr University 
Press; 1992. 
35. Hudec J, Burdová M, Kobida L, Komora 
L, Macho V, Kogan G, Turianica I, 
Kochanová R, Lozek O, Habán M, Chlebo P. 
Antioxidant capacity changes and phenolic 
profile of Echinacea purpurea, nettle (Urtica 

dioica L.), and dandelion (Taraxacum 

officinale) after application of polyamine and 
phenolic biosynthesis regulators. J. Agric. 

Food Chem. 2007; 55 (14): 5689 - 96. 
36. Cho SY, Park JY, Park EM, Choi MS, Lee 
MK, Jeon SM, Jang MK, Kim MJ, Park YB. 
Alternation of hepatic antioxidant enzyme 
activities and lipid profile in streptozotocin-
induced diabetic rats by supplementation of 
dandelion water extract. Clin. Chim. Acta. 

2002; 317 (1 - 2): 109 - 17. 
37. Gorval LM, Grishkovets VL. Alkaloids of  
 

84 

 [
 D

O
R

: 2
0.

10
01

.1
.2

71
72

04
.2

01
2.

11
.4

1.
9.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jm

p.
ir

 o
n 

20
26

-0
6-

10
 ]

 

                               7 / 9

https://dor.isc.ac/dor/20.1001.1.2717204.2012.11.41.9.5
https://jmp.ir/article-1-156-en.html


 

 

The Protective Effect …  

 

some species of the genus Berberis introduced 
into the Crimea. Chemistry of Natural 

Compounds Volume 1999; 35 (2): 223 - 4. 
38. Arayne S, Sultana N, Sher Bahadur S. The 
berberis story: Berberis vulgaris in 
therapeutics. Pak. J. Pharm. Sci. 2007; 20 (1): 
83 - 92.  
39. Tomosaka H, Chin YW, Salim AA, Keller 

WJ, Chai H, Kinghorn AD. Antioxidant and 
cytoprotective compounds from Berberis 

vulgaris (barberry). Phytother. Res. 2008; 22 
(7): 979 - 81. 
40.  Janbaz KH, Gilani AH. Studies on 
preventive and curative effects of berberine on 
chemical-induced hepatotoxicity in rodents. 
Fitoterapia 2000; 71 (1): 25 - 33. 

85 

 [
 D

O
R

: 2
0.

10
01

.1
.2

71
72

04
.2

01
2.

11
.4

1.
9.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jm

p.
ir

 o
n 

20
26

-0
6-

10
 ]

 

                               8 / 9

https://dor.isc.ac/dor/20.1001.1.2717204.2012.11.41.9.5
https://jmp.ir/article-1-156-en.html


Journal of Medicinal Plants, Volume 11,  
No. 41, Winter 2012 

 

Fallah Huseini & Authors  

 

 

 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

71
72

04
.2

01
2.

11
.4

1.
9.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jm

p.
ir

 o
n 

20
26

-0
6-

10
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

https://dor.isc.ac/dor/20.1001.1.2717204.2012.11.41.9.5
https://jmp.ir/article-1-156-en.html
http://www.tcpdf.org

