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Abstract: The antioxidant activity of marjoram powder, extract and oil against potassium bromated
induced oxidative stress in Sprague Dawley strain rats was investigated. The animals were received KBrO;
(20 mg/kg b.w) intragastric twice a week all over period of the experiment. Then, Rats reclassified into five
groups which were control positive (untreated) and four treated rat groups that were alpha lipoic acid
(10mg/ kg b.w daily), marjoram powder (5% powder in standard diet), marjoram extract (250 mg/kg b.w daily) and
marjoram o1l (0.5 ml/kg bow daily by stomach tube). The experiment period was 60 days. The obtained results
showed that marjoram either as powder, extract or oil against KBrO, administration to rats showed increase in
nutritional values, antioxidant enzymes, blood hemoglobin (HG) and decrease in serum liver and kidney
biomarkers, serum malondialdehyde (MD A)and blood mtric oxide compared to control (+ve) group. There are
non significant differences in nutritional results; serum urea, uric acid and MDA and blood HG and pacleed cell
volume (PCV) and also aspartate amino transferase (AST), catalase and glutathione transferase (GST) in
marjoram powder, marjoram extract and marjoram oil groups compared with alpha lipoic acid group enzymes.
It can be concluded that potassium bromate admimistration in rats significantly altered the serum level of liver,
kidney biomarkers and activities of antioxidant enzymes. Marjoram could reverse the side effects of potassium
bromated by scavenger of free radicals which could be due to the presence of some plant bicactive antioxidant
constituents.
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INTRODUCTION

Oxidative stress can be defined as an imbalance
between prooxidant/free radical production and opposing
antioxidant defenses. Acute and chronic oxidative stress
15 implicated in degenerative diseases [1]. It has been
reported that potassium bromate (KBrQ,) has been used
widely for water disinfection, hair-coloring solutions,
cosmetics and also in food Intalke of KBrO3 or exposure
to it causes production of oxygen free species in living
cells. KBrO; has been reported to be a potent nephrotoxic
agent that can mediate renal oxidative stress, toxicity and
tumor response in rats. It also enhances renal lipid
peroxidation and hydrogen peroxide formation with
reduction i renal antioxidant enzymes. Also, potassium
bromate contributes to the cellular redox status and
impairment of membrane protein activities in rats [2].
An antioxidant 15 a compound that blocks the action of

free radicals, activated oxygen molecules that can damage
cells. Alpha-lipoic acid 1s an antioxidant that is made by
the body and 1s found m every cell, where 1t helps turn
glucose into energy and may help regenerate other
antioxidants and make them active again. Alpha-lipoic
acid 1s both fat and water soluble [3]. Several studies have
shown that lipoic acid exerts multiple pharmacological
actions m different models of diseases characterized by

increase in oxidative stress markers. Tt displays
antioxidant effects by scavenging reactive oxygen
species and stinulates the synthesis of other

antioxidants, such as glutathione [4, 5]. Medicinal plants
play mmportant role in the treatment of many degenerative
disorders. Several herbs possess bioactive constituents
such as phenolic and polyphenolic compounds which
regulate i systems and possess
antioxidant and anti-inflammatory properties [6, 7).

various  immune

Marjoram (Origanum mgjorana L., Family: Lamiaceae)

Corresponding Author:

Wafta Sh. Ali, Nutrition and Food Science Department,

Faculty of Home Economics, Helwan University, Cairo, Egypt.



World J. Dairy & Food Sci., 8 (1): 94-99, 2013

is used worldwide in food for better flavor, both in dry
form and as fresh vegetable It 15 also a common spicy
medicinal herb, used as a home remedy for the treatment
of different ailments. It 1s a well-liked home remedy for
chest infection, cough, sore throat, rheumatic pain,
nervous disorders, cardiovascular diseases, epilepsy,
mmsommnia, skin care, flatulence and stomach disorders.
Marjoram alcoholic, aqueous extracts and essential oil
could protect liver and kidney damage [8, 9]. The essential
oil obtained from marjoram has aromatic smell and contain
high percentage of polyphenols and monoterpenes which
are established antioxidants [10, 11].

This study was designed to study the effect of
marjoram powder, extract and o1l on potassium bromide
induced oxidative stress in rats compared to alpha-lipoic
acid.

MATERIALS AND METHODS

Materials: The plant material used in this experiment was
marjoram plants which purchased from the herbs shop in
Cairo, Egypt and scientifically identified at Horticultural
Research Institute, Agricultural Research Center, Egypt.
Marjoram oil was purchased from Agricultural Research
Center. The standard diet was performed according to
Reeves ef al. [12]. BioMeriuex Kits were purchased from
Alkan Co. for Chemicals and Biodignostics. Potassium
bromate (KBrQ,) and alpha lipoic acid were purchased
from El-Gomhoria Company. Forty Sprague Dawley strain
rats provided from the National Research Center, Giza,
Egypt and weighted 122+5g.

Methods:

Preparation of Marjoram Powder and Extract: Marjoram
plants were grinded to give a fine powder. Marjoram
extract was prepared from marjoram powdered which was
refluxed eight times with an 80% ethanol solution for two
times, 1 hr each time. The solvent was removed by
evaporation under reduced pressure using Rotary
Evaporator and stored at 4° C until further analyzed [13].

Biological Study: After adaptation period (five days), rats
received KBrO, (20 mg/kg b.w) intragastric twice a week
all over period of the experiment. Then, rats reclassified
mto five groups which were control positive (untreated)
and four treated rat groups that were alpha lipoic acid
(10 mg/kg bw daily), marjoram powder (5% powder in
standard diet), marjoram extract (250 mg/kg b.w daily) and
marjoram oil (0.5 ml’kg b.w daily by stomach tube).
The food mntake was momtored daily and the growth of
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animals was monitored weekly by recording body weight.
Food efficiency ratio (FER) was determimed by Chapman
et al. [14]. The animals were sacrificed after 60 days under
light ether anesthesia. Blood was collected for separation
of serum for biochemical assays.

Biochemistry Analysis: Serum alanine and aspartate
aminotransferase (ALT, AST) activity and alkaline
phosphatase (ALP) were estimated according to
Bergmeyer and Horder [15] and Kind and King [16],
respectively. Serum creatinine, urea and uric acid were
determined according to Bonsens and Taussky [17],
Kanter [18] and Fossati et al [19], respectively.
Briefly, serum superoxide dismutase (SOD), glutathione
peroxidase (GPX), catalase and glutathione S-transferase
(GST) enzymes were estimated according to the methods
of Misra and Frisovich [20], Weiss et al. [21], Sinha [22]
and Habig et al. [23], respectively. The method of
Draper and Hadley [24] was employed in determining
malondialdehyde (MDA). Blood hemoglobin (HG), packed
cell volume (PCV) and nitric oxide (NO) were estimated
according to Drabkin [25], Mc Inory [26] and Green ef al.
[27], respectively.

Statistical Analysis: Statistical analysis involved used
of the Statistical Analysis System software package.
Analysis of variance was performed by ANOVA
procedures. Sigmficant differences between means were
determined by Duncan’s multiple range tests at a level of
P=<0.05 [28].

RESULTS AND DISCUSSION

The influence of marjoram either as powder, extract or
o1l agaimnst KBrO,
significant increase in body weight gain, food intake and
FER at P<0.01 &0.001 compared to control (+ve) group. In
comparing with alpha lipoic acid group, there are non
significant differences in nutritional results among treated

admimstration to rats showed

groups as shown in Table 1. It 1s known that, potassium
bromate has the ability to induce tissue damage by a free
radical mediated reactions and 1s extremely toxic to tissues
especially those of the central nervous system and
kidneys and also haemolysis [29]. The obtained results
are in agreement with those obtained by Cakatay et al
[30] and Packer et al. [31], who reported that alpha lipoic
acid (ALA) has been found to affect cellular metabolic
processes, alter redox status of cells and interact with
thiols and other antioxidants. AL A has beneficial effects
on energy production and also an essential cofactor of
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Table 1: Mean vahies + 8D of body weight gain (g), food intake (g) and FER of the experimental rat groups

Groups
Variables Control (+ve) Alpha lipoic Marjoram p owder Marjoram extract Marjoram oil
Initial weight 122.41+2.41* 123.7143.51* 122.40+£3.21° 124.11+4.14% 121.19+4.20¢
Final weight 186.024+19.19° 243.85+24.11+™ 232.01+£20.11%™ 234.32421.31%" 236.814£22.21*"
weight gain 63.61+6.31° 120.14+15.145" 109.61+11.215" 1102110315 115.61£12.115
food intake 14.45£1.27 18.41+1.44% 17.75£1.25% 17.9541.41% 17.8541.18"
FER 0.073+0.001° 0.108+0.003+" 0.102+0.004 0.102+0. 005%™ 0.107+0.007+""

Significant with control group * P<0.05 ** P<0.01 #*#* P<(,001.
#ed Mean values in each raw having similar letters were not significantly different.

Table 2: The Mean values + SD of serum ALT, AST and ALP (p/ml) of the experimental rat groups.

Groups
Variables Control (+ve) Alpha lipoic Marjoram powder Marjoram extract Marjoram oil
ALT 77.26+£6.91a 3388431 1o 48.21+4. 71 h** 43.61+5.01b** A5.71+5.11h**
AST 85.11+8.14a 45.11+4.33bcH#* 559615, 11b% ** 50.194+5.61b*** 51.104£5.17b**
ALP 91.61+8.71a 55.1145.16¢%** 67.12+7.03b** 57.1445.19¢*** 59.31+6.14bc**

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

i Mean values in each raw having similar letters were net significantly different.

Table 3: The Mean values + SD of serumn creatinine, urea and uric acid of the experimental rat groups.

Groups
Variables Control (+ve) Alpha lipoic Marjoram powder Marjoram extract Marjoram oil
Creatinine (mg/dl) 0.99+0.11a 0.70+0.13b%* 0.61+0.01b** 0.58+0.04bc*** 0.55+0.06c***
Urea (1 /mg) 71.11+7.71a 60.11+6.12b*** 56.1145.1 ThoH## 58.11+6.14b##+ 57.1445.81 b +*
Uric acid (mg/dl) 4.33+0.41a 3.55¢0.47b* 3.11£0.71b* 3.40+0.81b* 3.96+0.45b*

Significant with control group * P<0.05 ** P<0.01 #*#* P<(,001.

#e3 Mean values in each raw having similar letters were not significantly different.

mitochondrial respiratory enzymes. ALA which been used
as a nutritional supplementation, has several potential
benefits including therapeutic potential and capable of
scavenging free radicals. The effect of marjoram was
reported by Abdel-Massih ef af. [32] and Babili ef al. [33],
who reported that majorana herb was cultivated and used
as flavoring m foods. The leaves and stems yield an
essential o1l The amount of phenolic acids, flavones,
flavanones and flavonols were found to play a vital role
m the antioxidant capacity of marjoram extracts.
Such activities might be held responsible for the
protective role observed by marjoram treatment.

Table 2 showed the changes in the ALT, AST and
ALP. The treated groups showed significant decrease in
serum ALT, AST and ALP at P<0.001 and P<0.01 but
Alpha lipoic acid group showed the lowest value of them
compared with control (+ve). There was significant
increase in ALT and non significant increase in AST
in marjoram powder, marjoram extract and marjoram
o1l groups compared with alpha lipoic acid group.
These results are in agreement with those obtained by
EL-Ashmawy ef al. [34] and Rodriguez-Meizoso ef al.
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[35], who found that the reduction in the serum levels of
AST, ALT as a result of administration of marjoram
{(volatile oil, alcoholic and aqueous) might probably be
due to presence of 1soflavones, polyphenols and other
antioxidants. It 13 mentioning that marjoram volatile oil
was also found to control oxidative damages induced by
ethanol toxicity to brain, liver and fertility. Ursolic acid,
carnosic acid and carnosol isolated from marjoram
possessed free radical scavenging properties so reduce
oxidative imury [36, 37].

Table 3 showed the assessment of kidney function
biomarkers in serum. The treated groups showed
significant decrease in concentration of creatinine, urea
and uric acid at P<0.01, 0.001 &0.05 compared to control
{(+ve) group. There was a non significant decrease n urea
and uric acid in marjoram powder, marjoram extract and
marjoram o1l groups compared with alpha lipoic acid
group. On the other hand, Marjoram oil group showed
significant decrease m creatimne compared with alpha
lipoic acid group. High levels of creatimne, urea and uric
acid reflect the kidney dysfunction and renal injuries
induced by KbrO, treatment. Alpha lipoic acid was
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Table 4: The Mean values + SD of blood HG, PCV and NO of the experimental groups

Groups
Variables Control (+ve) Alpha lipoic Marjoram powder Marjoram extract Marjoram oil
HG 10.81+1.35b 13.19+1.41a%* 12.99+1.95a%* 13.26+1.85a%* 12.71+1.77a%*
PCV 27.11£2.41b 34.21+4.1 7a%* 32.31+3.96a%* 33.204£3.51a%* 31.19+3.27ab
NO 9.33+1.55a 4.5540.7Tck** 6.31+1.01b*** 5.11£0.80bc** 5.71+0.87bc**
Significant with control group * P<0.05 ** P<0.01 #*#* P<(,001.
#ed Mean values in each raw having similar letters were not significantly different.
Table 5: The Mean values + SD of serum SOD, GPX, catalase, GS8T and MDA of the experimental groups.

Groups
Variables Control (+ve) Alpha lipoic Marjoram powder Marjoram extract Marjoram oil
SOD (mmol/1) 0.38+0.03d 1.01+0, 51a*** 0.81+0.12be** 0.96=0.1b** 0.98+0.18b**
GPX (mmol/) 0.27+0.01d 0.89+0.11a**+* 0.68+0.05bc** 0.78£0.17b** 0.77£0.15b**
Catalase (/1) 0.49+0.05b 0.98+0.18a*** 0.87+0.11a*** 0.91+0. 13a%#* 0.90+0.11a* "+
GST (mmol/1) 0.80+0.11¢c 1.114+0.22a%** 0.99+0.05ab** 1.01+0. 51a"** 1.03+0.45a*#*
MDA (mmol/T) 11.30+1.57a 6.314£1.01bc*** 8.2141.21b"#* 7.33£1. 1 1b*** T.1441. 040+ *

Significant with control group * P<0.05 ** P<0.01 #*#* P<(,001.

i Mean values in each raw having similar letters were net significantly different.

effective in normalizing the antioxidant levels, as well as
levels of creatinine and blood wrea mnitrogen in
acetaminophen-nduced renal damage in rats [9, 38]
Marjoram/Ornganum  species  exerted antiumalarial,
antioxidant and protective activities. Such properties of
marjoram might be attributed to the presence of terpenes,
polyphenols, phenolic glycosides, phenolic derivatives,
flavonoids, tannins, sitosterol and essential oil [33].
Table 4 showed the changes in the blood HG, PCV
and NO. The treated groups showed significant increase
in blood HG at P<0.01 and significant decrease in blood
NO P<0.001 compared with control (+ve). Alpha lipoic
acid, marjoram powder and marjoram extract groups
showed significant increase in blood PCV compared with
control (+ve). There is a non significant difference mn the
effect of marjoram powder, marjoram extract and marjoram
o1l groups m blood HG and PCV but marjoram powder
showed significant mcrease in blood NO compared with
alpha lipoic acid group. Potassium bromate-induced
methemoglobinemia resulted from the reduction of
glutathione peroxidase activity due to increases in
superoxide, nitric oxide and peroxynitrite [39]. In addition,
it has been demonstrated that NO may enhance cellular
injury by decreasing intracellular GSH levels. Nitric oxide
promotes oxidative stress-induced cell injury by formation
of peroxymnitrite amon, a potent prooxidant and cytotoxic
mtermediate that causes protein nitration and tissue injury
[40, 41]. Alpha lipoic acid 1s capable to scavenge reactive
oxygen species generated during the lipid peroxidation
and protects the cell structure against damage. ALA 1s
functionally efficient in helping cells to recover from
oxidative damage. Alpha lipoic acid supplementation

exerts the vascular morphology 1s probably through its
antioxidant properties and the effects on carbohydrate
and lipid metabolism [42]. Alpha lipoic acid intubits
lipopolysaccharide induced NO production in 1solated rat
Kupffer's cells and in murine macrophages. Another
possible explanation is the direct scavenging effect of NO
by the sulphydryl group [43].

The antioxidant effect of marjoram is illustrated in
Table 5. Alpha lipoic acid group showed significant
increase in SOD, GPX, catalase and GST at P<0.001 but
showed significant decrease in MDA at P<0.001 compared
to control (+ve) group. Marjoram powder, extract and oil
groups showed also sigmficant increase n SOD, GPX
(P<0.01), catalase and GST at P< 0.001 but showed
significant decrease in MDA at P<0.001 compared to
control (+ve) group. On the other side, marjoram powder,
extract and oil groups showed sigmficant decreased in
SOD and GPX and non significant decrease in catalase
and GST and also non significant increase in MDA
compared with alpha lipoic acid group. Potassium bromate
induced the formation of free radicals which react with
some cellular components such as membrane lipids and
produce lipid peroxidation products. MDA is one of the
major oxidation products of peroxidized polyunsaturated
fatty acids and mcreased MDA content 1s an important
indicator of lipid peroxidation [9]. The results regarding
the effect of alpha lipoic acid agamst the toxic affect of
KBrO; 1n rat on the activities of antioxidant enzymes.
Alpha Lipoic acid 1s a disulfide compound that functions
as a coenzyme in pyruvate dehydrogenase and -
ketoglutarate dehydrogenase mitochondrial reactions,
leading to the production of cellular energy (ATP).ct-
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Lipoic acid and its reduced form, dihydrolipoic acid,
reduce oxidative stress by scavenging a number of free
radicals in both membrane and aqueous domains, by
chelating transition metals in biological systems, by
preventing membrane lipid peroxidation and protein
damage through the redox regeneration of other
antioxidants such as vitamins C and E and by increasing
intracellular glutathione [44,45]. The findings of the
present experiment are fully in agreement with earlier
reports demonstrating that marjoram were shown to
possess  different  biological ncluding
antioxidant potential and free scavenging
properties. Generally, the high antioxidant capacity of

activities
radical

marjoram and other Origano species were found
depending on their total phenol contents [10].

In conclusion, marjoram has antioxidant activity
nearly as alpha lipoic acid even in powder or extract or oil
1n potassium bromide toxicity in rats.
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