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Effect of Marjoram and Choline Mixture Consumption
Against Liver Injury in Experimental Rats
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Abstract: Sixty albino male rats Sprague Dawley strain were administered paracetamol drug to induce liver
injury and randomly classified into six groups (10 rats each). One served as control (+ve) and five treated rat
groups which were marjoram extract, marjoram powder, choline, marjoram extract with choline and marjoram
powder with choline rat groups. All experimental rat groups showed a significant increase in final body weight,
body weight gain & food efficiency ratio; serum total protein, globulin, high density lipoprotein cholesterol
(HDLc) and liver triglyceride, glycogen, superoxide dismutase (SOD), glutathione (GSH) & glutathione
peroxidase (GPX) in comparmg with control (+ve) rat group. On the other side, there were a significant
decreased in serum alanine and aspartate aminotransferase (ALT, AST), alkaline phosphates (ALP), gamma
glutamyle peptidase (yGT), albumin to globulin (A/G) ratio, cholesterol, triglyceride, low density lipoprotein
cholesterol (LDLc), very low density lipoprotein cholesterol (VLDLc) and hiver cholesterol, total lipids,
malondialdehyde (MDA) and cholesterol /HDLe ratio 1 comparing with control (+ve) rat group. The value of
albumin was significantly increased in marjoram powder, choline and marjoram extract with choline in comparing

with control (+ve) rat group.
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INTRODUCTION

Herbs and herb extracts have a range of beneficial
properties, with those most studied to date being their
in vitro antioxidant, antifungal and anti-microbial
activities. Marjoram (Majorana hortensis) is the gray
green leaf of the mint family (Lamiaceae or Labiatae). It is
an aromatic perennial herb, specific to the Mediterranean
climate, the herb originated in Hgypt and Arabia.
Marjoram is a traditional culinary and folk remedy herb
used by many different cultures. It has been used for
arthritis, theumatism, muscle and nerve pam, headaches,
circulatory disorders and respiratory infections [1, 2].
Choline 1s
chemically similar to the B-vitamins. It 1s important to get
dietary cholme although the human body can make some
choline. Tt is generally recognized that choline and
compounds derived from choline enter in structure of cell
membranes, protecting livers from accumulating fat, as the
precursor molecule for the neurotransmitter acetylcholine
and also a major source for methyl groups via its
metabolite, trimethylglycine (betaine) that participates in

a water-soluble essential nutrient and

the S-adenosylmethiomne synthesis pathways [3]. Livers

play important roles in metabolizing (altering in some way)
proteins, carbohydrates and fats from our food, producing
cholesterol (which is then used in bile acids and fat
digestion) and producing proteins necessary for blood
clotting and fluid balance in the body in addition to that
it is responsible for detoxification. Hepatic injuries such as
necrosis and hepatic failure are often produced on
exposure of the tissue to virus or many chemical agents.
Liver necrosis is a complex process, characterized by the
simultaneous activation of multiple deregulated pathways
that culminate in the loss of cell membrane integrity
causing leakage of cellular constituents. Hepatic failure 1s
characterized by severe hepatic dysfunction results in
jaundice, hepatic encephalopathy and coagulopathy [4].
The aim of the present study was to evaluate the effect of
marjoram and choline on paracetamol induced liver injury
in experimental rats.

MATERIALS AND METHODS

Materials
Chemicals: BioMeriuex Kits were purchased from Alkan
Co. for Chemicals and Biodignostics, Dokla, Egypt.
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Paracetamol tablets were obtained from Kahira Pharm
&Chem. Ind. Co., Cairo, Egypt. Paracetamol, known as
acetaminophen,used to relieve mild to moderate pain,
meluding mstances of tension headache, migraine
headache, muscular aches, neuralgia, backache, joint pain,
rheumatic pain, general pain, toothache, teething pain and
period pam. Large dose of paracetamol can damage the
liver. Liver damage 1n rats was mduced by a single dose
of 2 g/kg paracetamol p.o [5]. Choline was obtained from
El Naser for Chemical Industry. The human recommended
daily allowance was 550 mg. The rat dose was 49.5mg /kg
body weight of rats in diet [6].

Marjoram Plant and Standard Diet: Marjoram plant was
obtained from local market. The standard diet was
performed according to Nelson [7].

Animals: Forty two Sprague Dawley strain male rats were
purchased from Helwean Farm of Laboratory Ammals. The
average weight was 176+0 g.

Methods

Preparation of Marjoram Powder and Extract: Marjoram
leaves were dried m dry freezer and crushed into powder
then added to standards diet in 5% in substitution of
fiber. Marjoram ethanolic extract was prepared from
marjoram powder according to Ryszard et al. [R]. 25 g
marjoram powder mixed with 150 ml of 95% ethanol with
stirring and repeated twice. The extract was evaporated to
dryness using a Rotavapor and water bath under vacuum
and stored at 4°C until further analyzed. Rats admiristered
marjoram extract at dose 15 mg/kg dissolved in distilled
water by stomach tube.
Animals and Treatment: After adaptation period
(one week), rats were admimstered paracetamol by
stomach gavage to fasting rats as a single dose to induce
liver injury then classified into six groups (10 rats each).
One served as control (+ve) and other five rat groups
treated with marjoram extract, marjoram powder, choline,
marjoram extract with choline and marjoram powder with
choline. During the study period (8 weeks), the daily food
mtake and weekly body weight gamn were recorded. Rats
were sacrificed to obtain blood and liver.

Laboratory Analysis:

*  Serum aminotransferase (ALT, AST), alkaline
phosphates (ALP) enzymes activity and gamma
glutamyle peptidase (yGT), were estimated according
to Bergmeyer and Harder [9], Kind and King [10] and
Henry [11], respectively.

s Serum total protein and albumin were determined
according to the method described by Weichselbaum
[12] and Bartholomev and Delany [13], respectively.

»  Serum cholesterol, triglycerides (TG) and high
density lipoprotein cholesterol (HDL-¢) were
determined by using enzymatic colorimetric methods
described by Allain ef al. [14], Buccolo and David
[15] and Kostener [16], respectively.

s Livers of rats were perfused with 50 to 100 of ice cold
0.9%NaCL solution for estimation of liver cholesterol,
total lipids, triglyceride and glycogen according to
Abell et al. [17], Folch et al [18], Young and
Pestaner [19] and Rerup and Lundquist [20],

respectively.
»  Liver superoxide dismutase (SOD), glutathione
(GSH), glutathione peroxidase (GPX) and

malondialdehyde (MDA) levels were determined
according to Beuchamp and Fridovich [21], Reed
[22], Weiss et af. [23] and Uchiyama and Mihara [24],
respectively.

Calculation of some Parameters: Food efficiency ratio
(FER) was determined by Chapmanet af. [25] as following:
FER = weight gain (g)/ food mtake (g). Serum globulin (G)
value was determined by subtracting the albumin from the
total proteins according to Coles [(1974). A/G ratio was
calculated using albumin and globulin values for each
individual  sample. Very low density lipoprotein
cholesterol (VL.DL-¢) was calculated as TG/5 while low
density lipoprotein cholesterol (LDL-¢) was calculated as
following [LDL-. = Total cholesterol-HDL- ~VLDL- }
according to Fruchart [26]. Cholesterol /HDL. value was
calculated according to Castelli and levitar [27].

Statistical Analysis: Collected data were subjected to
analysis according to SPSS program according to
Snedecor and Cochran [28].

RESULTS

The nutritional results showed a significant increase
in final body weight, body weight gain and food
efficiency ratio (p< 0.05 and 0.01) 1n all treated rat groups
compared with control (+ve) rat group but there were non
significant difference in final body weight, body weight
gain food intake and food efficiency ratio among treated
groups as shown in Table 1. The values of serum ALT,
AST, ALP and yGT were significantly decreased in all
experimental rat groups(p<< 0.01&0.001) when compared
with control (+ve) rat group and in the same time there
were non significant difference m ALT, AST, ALP and
yGT among all treated groups as shown i Table 2.
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Table 1: Mean values + SD of body weight gain, food intake and food efficiency ratio (FER) of the experimental rat groups

Variables groups Initial weight(g) Final weight(g) Weight gain (g) Food intake(g/w) FER
Control (+ve) 175.31£5.14° 262.88+15.21° 87.55+7.41° 19.41+1.14* 0.075+0.003°
Marjoram extract 175.65£5.12° 300.75+16.34 ¢ 125141212+ 19.11£1.55+# 0.109+0.001 *
Marjoram powder 173.14£5.19% 285.25+18.21%" 112.11+13.36%" 18.75+1.71* 0.099+0.005%"
Choline 178.21+6.12% 208.38+15.36% 120.17+10.14*™ 19.21+1.42* 0.104£0.003"
Marjoram extract +choline 177.14£7.15*% 307.48+£17.25%" 130.34412.16*" 18.87+1.36* 0.115+0.001*
Marjoram powdert choline 175.33+£6.31% 302.50+£17.43%" 127.17413.21*" 19.31£1.31* 0.109+0.002%"
Significant with control group * P<0.05 ** P<0.01 *# P<.00

Mean values in each column having different superscript (a, b, ¢, d) are significant

Table 2: The Mean values + SD of serum liver enzymes of the experimental rat groups

Variables groups ALT (u/ml AST (u/ml) ALP (wW/ml)y yGT (W/ml)
Control{(+ve) 71.39+8.12* 122.14+13.13* 112.15+15.24* 10.33+1.19*
Marjoram extract 45.87+5.11°™ £0.81+0.255™" 65.11+£6.05""" 7.13+1.22%"
Marjoram Powder 49.2046,01°™ 79.3649.365™ 72.14£7.11%" 8.2241.24%"
Choline 44.1445.31%™ 82.1148.265™ 66.31£6.155"" 7.55£1.33%"
Marjoram extract + choline 38.7144. 208%™ 71.1449.34 5™ 62.27£7.18%"" 6.8140.88%"
Marjoram powdert choline 46.6745.16>™ 83.38+9.21 5™ 70.08£8.16™ 7.994£1.11%"
Significant with control group * P<0.05 *# P<0.01 *## P<0.001

Mean values in each column having different superscript (a, b, ¢, d) are significant

Table 3: The Mean values + SD of serum total protein, albumin, globulin and albumin/globulin (A/G) ratio of the experimental rat groups

Variables groups T. protein (g/dl) Albumin (g/dl) Globulin (g/dl) A/G ratio
Control(+tve) 5.33+0.87 3.11+0.15° 2.22+0.41° 1.40+£0.11*
Marjoram extract 6.51£1.06" 3.3240.14® 3.29+0.337 0.97£0.05"
Marjoram powder 7.114£1.24 3.45+0.26" 3.66£0.52¢ 0.94+0.04*"
Choline 7.3241.55" 3.51+0.28" 3.81£0.54 0.92+£0.11*"
Marjoram extract + choline 7414118 3.60£0.33" 3.8140.33 0.94+0.12"
Marjoram powdert choline 6.69£1.15 3.1240.44° 3.5440.44% 0.870.03""
Significant with control group * P<0.05 *# P<0.01 *## P<0.001

Mean values in each column having different superscript (a, b, ¢, d) are significant

Table 4: Mean values £ 8D of serum lipid patterns of the experimental rat groups

Variables groups Cholesterol (mg/dl)  Triglyceride (mg/dl) HDLc (mg/dl)  LDLc (mg/dD) VLDLc (mg/dl)  Cholesterol/ HDLc
Control(+tve) 158.31+33.14* 82.41+6.78*% 23.67+£3.21° 118.26+10.01* 16.48+3.41* 6.68+1.31*
Marjoram extract 110.14411.125™ 64.45£7. 197 38.2145.11*™ 59114631 12.89+2.61% 2.88+0.57%"
Marjoram powder 113.21%12.257" 61.1746.01 %" 31.1143.22%"  69.90£7.21%" 12.23£2.41% 3.63£0.73%"
Choline 111.36+12.11%" 63.21+7.12%" 33.134.32°" 65.60:6.14 12.64+2.16" 3.36£0.44%"
Marjoram extract + choline  98.61+9.11%" 59.69+5.27 37.36+3.21+" 49.31+5.364"" 11.99+1.29%" 2.63+0.23%"
Marjoram powder+ choline  105.14+10.18%™ 62.31+6.67" 34.4944. 19+ 58.2046.24°" 12.46+1.96% 3.04x0.12%"
Significant with control group * P<0.05 ** P<0.01 *## P<.0.001

Mean values in each column having different superscript (a, b, ¢, d) are significant

Table 5: Mean values = SD of liver cholesterol, total lipids, triglyceride and glycogen of the experimental rat groups

Variables groups Cholesterol (mg/g) Total lipids (mg/g) Triglyceride (mg/g) Glycogen (mg/100g)
Control(+tve) 6.44+1.24* 47.81+4.33° 2.25+0.18 4.66+0.81°
Marjoram extract 3.694033" 35.3245.61°" 4332076 72541115
Marjoram powder 4.11+0.55" 35.66+5.26"" 3.78+0.43*" 7.66+1.244
Choline 3.31+0.22"" 34.36+5. 13" 3.89+0.55" 6.91+1.31%"
Marjoram extract + choline 3124044 32.14+4. 18 4.45+0, 56 8.11+1.25¢"
Marjoram powder+ choline 4.01+0.64" 36.91+5. 14" 3.77+0.61%" 73651174

Significant with control group * P<0.05 ** P<0.01 *## P<.0.001

Mean values in each column having different superscript (a, b, ¢, d) are significant
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Table 6: Mean values + 8D of liver SOD, GSH, GPX and MDA of the experimental rat groups

Variables groups 30D (ug /mg) GSH (ug /mg) GPX (g /mg) MDA (nmol/g)
Control{(+ve) 22.35+2.14° 31.1443.21° 40.31+5.16° 18.11+2.33¢
Marjoram extract 48.36+4.20""" 62.14£7. 19" 79.16+£7.215" 7.1441.78™"
Marjoram powder 42.49+4. 36" 55.36:+5.22°" 69.11+6.26™" 9.21+1.88"
Choline 43,573,994 54.34+5. 306 70.11+8.31% 9.16+2.18%"

49.36+5.21%""
48.91+4.33%""

Marjoram extract + choline

Marjoram powdert choline

8604211
7.99+1.11%"

79.96+7.91%"
71.71+7.81*"

65.34+6. 16"
53.3045.11°"

Significant with control group * P<0.05 ** P<0.01 *## P<.0.001

Mean values in each column having different superscript (a, b, ¢, d) are significant

Al treated
increase in the values of serum total protein and

rat groups showed a significant
globulin (p< 0.05) but showed a sigmficant decrease
mn the value of A/G ratio (p< 0.05) m comparing with
control (+ve) rat group. The value of albumin was
significantly increased in marjoram powder, choline
and marjoram extract with choline rat groups in
comparing with control (+ve) rat group. There were non
significant differences among in total protein, albumin,
globulin and A/G ratio among treated groups as
represented n Table 3.

Data in Table 4 presented that all treated rat
groups showed a significant decrease in the values of
serum cholesterol, triglyceride, LDLc, VLDLc and
cholesterol /HDLc ratio (p<0.05, 0.0land 0.001) but
showed a significant increase in the values of serum in
HDLe (p< 0.01) in comparing with control (+ve) rat group.
There were non significant differences in serum
cholesterol, tnglyceride, HDLc, VLDLc and cholesterol
/HDLc ratio among treated groups. There were non
significant differences in serum LDLc between marjoram
extract group and marjoram powder with choline group
and also between marjoram powder group and choline
group. Data in Table 5 showed that all treated rat groups
showed a significant decrease in the values of liver
cholesterol (P<0.01) and liver total lipids (P<0.05 and 0.01)
but a significant increase in the values of liver triglyceride
(P<0.05) and liver glycogen (P<0.01 and 0.001) in
comparing with control (+ve) rat group. There were non
significant differences in liver cholesterol, total lipids,
triglyceride and glycogen among treated groups. Data in
Table 6 showed that all treated rat groups showed a
significant increase in the values of liver SOD (P<0.001),
GSH (P<0.01&0.001) and GPX (P<0.01) but showed a
significant decrease 1n the value of liver MDA (P<0.001)
i comparing with control (+ve) rat group. There were non
significant differences in liver SOD, GSH, GPX and MDA
among treated groups.

DISSCUSION

Several studies have suggested that higher dose
of acetammophen produces a centrilobular hepatic
necrosis. Paracetamol increases oxidative stress that
depletes glutathione and covalently binds to proteins.
The loss of glutathione with an increased formation of
reactive oxygen and nitrogen species m hepatocytes
is undergoing necrotic changes [29]. Groups of male
and female inbred Leeds strain rats were fed diets
containing either 0.5% or 1.0% paracetamol by weight
for up to 18 months. At the 1.0% dosage level, 20% of rats
of both sexes developed neoplastic nodules of the liver,
a statistically significant incidence. These rats also
showed gross enlargement of their hvers and an
increase in foet of cellular alteration, the latter also being
observed in the low dosage male rats [30]. Previous
studies have also shown that marjoram contains phenolic
terpenoids, flavonoids, tammins, phenolic glycosides and
sitosterol. Along with the essential oil, tannin, bitter and
sistosterine elements, marjoram is also rich in vitamins A
and D. These compounds in marjoram stimulates
digestion, mcreases diuresis, absorbs gases, increases
food appetite Also, it contans ursolic acid and essential
oil and in particular to thymol and carvacrol which have
bactericidal, antiseptic and antifungal. The antioxidant
and antitumour activities of marjoram have recently been
determmed. Marjoram contans some components that
activate chief and parietal cells and increase basal acid
and pepsin secretion [31, 32]. Marjoram has high
antioxidant  capacity due to its high polyphenolic
content. Natural antioxidants can protect the human body
from free radicals and could retard the progress of many
chronic diseases as well as lipid oxidative rancidity in
foods [33]. It has been shown that water extracts, which
1solate a range of different compounds, are rich m
phenolic acids and flavonoids strong
antioxidant activity [34].

also have
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Consumption of Origanum onites distillate had
beneficial effects on lipid profiles, antioxidant status and
endothelial function in patients with mild hyperlipidaemia.
A significantly greater m high density
lipoprotein-cholesterol and significantly greater decreases

increase

mn low density lipoprotein-cholesterol, apolipoprotein B,
lipoprotein(a) and ligh sensitivity C-reactive protein
occurred in all participants prescribed 25 ml of aqueous
distillate of Origanum omtes over the 3-month compared
with the control group [35]. The flavonoids may also
promote healthy arteries and heart by preventing
cholesterol buildup and improving blood circulation. The
flavonoids in marjoram are supposedly good for cardiac
health and are known to boost healthy arteries and heart
by enhancing blood circulation and preventing
cholesterol buildup [32]. The effect of admimistration of O.
majorana (volatile oil, alcoholic and aqueous) induced a
significant  decrease i  serum  activitties  of
aminotransferase enzymes (AST & ALT), ALP, urea and
creatinine and improved the liver and kidney histology in
comparison with lead acetate treated group [36, 37]. The
treated group with marjoram leaves showed a significant
decrease m serum creatimne, uric acid and total bilirubin
and also decrease in liver triglycerides, cholesterol and
total lipids in compared to non treated group [38].
of enzymatic (superoxide
dismutase, catalase and glutathione peroxidase) and the

Activities antioxidants
level of reduced glutathione in the plasma, erythrocytes,
liver and kidney decreased in the hepatotoxic rats [39].
Dry marjoram and wild marjoram extracts effectively
mbubited lipid peroxidation m chicken meat Water
extracts, which isolate a range of different compounds, are
rich in phenolic acids and flavonoids also have strong
antioxidant activity [2, 34].

Numerous reports have indicated that cholne 15 an
essential nutrient required by the body to make several
important compounds necessary for healthy
membranes. This mutrient helps form phosphatidylcholine,
the primary phospholipids of cell membranes [40]. Choline

cell

15 an essential precursor of acetylcholine, a stunulatory
neuwrotransmitter. Tt also helps in the production of
lipotropic agents which converts fats mto useful products
and aids m the production of HDL cholesterol. Choline
intake may reduce cardiovascular disease risk in humans.
The mechamsm may be the ability of choline to be
transformed into betaine. Higher intakes of dietary choline
and betaine related to homocysteine
concentrations associated with reducing cardiovascular
disease [41]. Choline has been shown to protect the liver

are lower

from certain types of damage and can help reverse

102

damage that has already occurred Fat and cholesterol
consumed in the diet are transported to the liver by
lipoproteins called chylomicrons. In the liver, fat and
cholesterol are packaged into lipoproteins called very low
density lipoproteins (VLDL) for transport through the
blood to tissues that require them. Phosphatidylcholine 1s
a required component of VLDL particles and prevents fat
Choline
deficiency 1s an elevated level of the liver enzyme ALT
[42]. Choline also stops fats from being deposited in the

and cholesterol accumulation in the liver.

liver and help move fats mto the cells. Deficiency of
choline can lead to cirrhosis with associated conditions
such as Dbleeding; kidney damage hypertension,
cholesterolemia and atherosclerosis [41, 43].

Tt is concluded that the consumption of marjoram and
choline have ability to improve liver function and healthy

status in rats.
REFERENCES

Shan, B., Y.Z. Cai, M. Sun and H. Corke, 2005.
Antioxidant capacity of 26 spice extracts and
characterization of thewr phenolic constituents. J.
Agricultural and Food Chemistry, 53(20): 7749-7759.
Yanishlieva, N. V., E. Marinova and J. Pokorny, 2006.
Natural antioxideants from herbs and spices. European
I. Lipid Science and Technol., 108(9): 776-793.
Zeisel, S.H. and K.A. Da Costa, 2009. Choline: an
essential nutrient for public health. Nutrition
Reviews, 67(11): 615-23.

Semnica, P. and A. Shakir, 2004. Liver necrosis and
fulminant hepatic failure in rats: protection by
oxyamonic form of tungsten. Biochimica et
Biophysica Acta, 1688: 210-222.

Rafael, B., F. Damela, 3. Haim, A. Hussein, M. Zipora,
P. Moshe, 7. Liliana, A. Yona, ©. Ran and
H. Zamir, 1999. Hypothyroidism Protects Rat Liver
from Acetammophen Hepatotoxicity. Digestive
Diseases and Sciences, 44(6): 1228-1235.

Zeisel, 3.H., 1999. Choline and phosphatidylcholine,
In Shils M et al (Eds). Nutrition in Health and
Disease. 9" Editior, Williams & Wilkins, Baltimore,
513-523.

Nelson, F., 2000. A Periodic Table of the Element
from Mineral Institute, Google.

Ryszard, A., 7. Zofia, R. Ryszard, B. Ronald and
K. Magdalena, 2008. Antioxidant activity and free
radical-scavenging capacity of ethanolic extracts of
thyme, oregano and marjoram. Bur. J. Lipid Sci.
Technol., 110: 1-7.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24

World J. Dairy & Food Sci., 6 (1): 98-104, 2011

Bergmeyer, H.1J. and M. Harder, 1986. A calorimetric
method of determination of serum glutamic oxalate
and glutamic Pyurvic tranaminase. Clin. Bio. Chem.,
24: 481-488.

Kind, P.R. and E.J. King, 1954, Estimation of alkaline
phosphatase activity by determination of hydrolyzed
phenol with amincantipyrene. I. Clin. Path., 7: 322.
Henry, R.J., 1974, Climucal Chemistry, Principles and
Techniques. 2** Edition Harper and Row, pp: 525.
Weichselbaum, T.F., 1946. An accurate and rapid
method for the determination of protein m small
amount of blood serum and plasma. Am. I. Clin.
Path., (16): 40.

Bartholomev, R.J. and A. Delany, 1966. Proc Aust.
Assoc. Biochemuists, 1: 214

Allain, C.C., N. Richmond and P. Rosechloy, 1974.
Cholesterol enzymatic colorimetric test. Clin. Chem.,
190200 1350-470.

Buccolo, G. and H. David, 1973. Quantitative
determination of serum triglycerides by use enzymes.
Clin. Chem., 19: 419-32.

Kostener, C. M., 1977. Enzymatic determination of
cholesterol lugh density lipoprotein fraction prepared
by polyamion precipitation. J. Chin. Chem., 22: 695.
Abell, L1, BB. Levy, BB. Brodie and R. Kendal,
1952, A simplified method for the estimation of total
cholesterol in serum and demonstration of its
specificity. J. Biol. Chem., pp: 357-366.

Folch, I, M. lees and G.H. Stanley, 1957. A simple
method for isolation and purification of total lipid
from animal tissue. I. Bio. Chem., 266: 497-509.
Young, A. and D.L. Pestaner, 1975. Determination of
triglycerides in serum Clin. Chem., 21: 5-7.

Rerup, E. and S. Lundquist, 1967. Precipitation and
purification of liver glycogen in rats. Acta Pharmmic.
Tox., 25: 47-51.

Beuchamp, C. and J. Fridovich, 1971. Superoxide

dismutase. Improved an assay applicable to
acrylamide gels. Anal Biochem. 44: 276-287.
Reed, D.J, 1999. Glutathione: toxicological

implications. Ann. Rev. Pharm. Toxicol., 30: 603-631.
Weiss, C., H.S. Marker and G.M. Lehrer, 1980.

Semsitive  fluorometric  assays for glutathione
peroxidase and reductase.  Anal Biochem.,
106: 512-516.

Uchiyama, M. and M. Mihara, 1978. Determination
of malondialdhyde precursor in tissues by
thiobarbituric  acid  test.  Anal.  Biochem.,

86(1): 271-278.

103

25.

26.

27.

28.

29.

30.

31.

32.

33

34.

35.

36.

Chapman, D.G., R. Gastilla and T.A. Campbell, 1950.
Evaluation of protein m food. I. A. Method for the
determination of protemn efficiency ratio. Can. J.
Biochem. Physio., I{37): 679-686.

Fruchart, G.G., 1982. LDL-Chelesterol determination
after separation of low density lipoprotein. Rev. Fr.
Des. Laboratories, 103(7): 117.

Castelli, T. and Y. Levitar, 1977. Atherogenic index,
Curr. Presc. pp: 39.

Snedecor, G.W. and W.G. Cochran, 1967. Statistical
Methods. 6™ Ed. Towa State Univ., Press Towa Ames,
USA.

Barber, D.J., S. Fairthurst and A.A. Horton,
1983. Effect of old age on paracetamol-induced
lipid peroxidation in rat liver. Toxicol Lett,
15 (4): 283-287.

Jack, A., W. Dean and P. Laura, 201 0. Mechanisms of
Acetaminophen-Induced Liver Necrosis. Adverse
Drug Reactions Handbook
Pharmacol., 196(3): 369-405.
Vagi, E., E. Rapavi and M. Hadolin, 2005. Phenolic

and triterpencid antioxidants from  Origamim

of Experimental

majorana .. herb and extracts obtained with different
solvents. J. Agric. Food Chem., 53: 17-21.
Rafsanjani, F., M. Shahrani, Z. Ardakani and
M. Ardakari, 2007. Marjoram increases basal gastric
acid and pepsin secretions in rat. Phytother. Res.,
21(11): 1036-8.

Hossain, M.B., NP. Brunton, C. Barry-Ryan,
AB. Martin-Diana and M. Wilkinson, 2008.
Antioxidant activity of spice extracts and phenolics
in comparison to synthetic antioxidants. Rasayan T.
Chem., 1: 751-756.

Triantaphyllou, K., G. Blekas and D. Boskou, 2001.
Antioxidative properties of water extracts obtained
from herbs of the species Lamiaceae. International T.
Food Sciences and Nutrition, 52(4): 313-317.
Ozdemuir, B., A. Ekbul, N.B. Topal, E. Saranddl,
K.H. Bager, I. Cordan, S. Gullili, E. Tuncel, I. Baran
and A. Aydmlar, 2008. Effects of Origanum onites
on endothelial function and serum biochemical
markers n hyperlipidaemic patients. Int. Med. Res.,
36(6): 1326-34.

El-Ashmawy, .M., AF. El-Nahas and O.M. Salama,
2005. Protective effect of volatile oil, alcoholic and
aqueous extracts of Origanum majorana on lead
acetate toxicity in mice. Basic Clin. Pharmacol.
Toxicol., 97(4): 238-43.



37.

38.

39.

World J. Dairy & Food Sci., 6 (1): 98-104, 2011

Rodriguez-Meizoso, 1., F.R. Marin, M. Herrero,
F.J. Sefiorans, G. Reglero, A. Cifuentes and E. Ibaiiez,
2006. Subcritical water extraction of nutraceuticals
with antioxidant activity from oregano: Chemical and
functional characterization. J. Pharm Biomed Anal,
41(5): 1560-5.

Abd  El-Ghany, M. and Y. Nanees,
Effect of marjoram

2010.

leaves on injured liver

in experimental rats.
2(12): 181-191.

Aristatile, B., K.S. Al-Numair, C. Veeramam and
K. V. Pugalendi, 2009. Effect of carvacrol on hepatic
status

mn rats.

Report and Opinion,

marker enzymes and antioxidant in

D-galactosamine-induced hepatotoxicity
Fundam. Clin. Pharmacol., 23(6): 757-65.

104

40. Tolvanen, T., T. Yli-Kerttula and T. Ujula, 2010.

41.

42.

43.

Biodistribution and radiation dosimetry of [(11) C]
choline: a comparison between rat and human data.
European I. Nuclear Medicine and Molecular
Imaging, 37(5): 874-83.

Bidulescu, A., L.E. Chambless, A M. Siega-Riz,
SH. Zeisel and G. Heiss, 2007. Usual choline and
betaine dietary intake and incident coronary heart
disease: the Atherosclerosis Risk in Communities
(ARIC) study. BMC Cardiovasc Disord., 7: 20.
Zeisel, S.H., 2000. Choline: an essential nutrient for
humans. Nutrition, 16: 669-671.

Xu X., MD. Gammon and SH. Zeisel, 2008.
Choline metabolism and r1isk of breast cancer
i a population-based study. The FASEB 1T,
22(6): 2045-52.



