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Abstract: Rosemary (Rosmarinus officinalis L.) belongs to the family Lamiaceae (Labiatae) is a well-known aromatic plant 
used all around the world for different medicinal purposes. Aims: The present work aimed to investigate antioxidant related 
effects of rosemary in humans by in vitro and in vivo studies. Study design: Chemical antioxidant assays and venous blood 
from healthy volunteers were used to conduct in vitro experiments. For in vivo study, nine healthy volunteers, each received 
orally 250 ml of aqueous extract of rosemary daily for 5 days. Venous bloods were taken before and one hour after the first 
dose of aqueous extract (sample I and II respectively) and then one day after the last dose of day five (i.e. day 6, sample III). 
The first blood taken before the first dose (i.e. sample I), served as control for the next samples of II and III. Methodology: The 
following assays were performed: total antioxidant capacity (TAC), reducing power, scavenging activity of DPPH, scavenging 
activity of OH·, iron chelating ability, erythrocyte reduced glutathione (GSH), malonyldialdehyde (MDA), protein carbonyl 
(PC), superoxide dismutase (SOD), percentage hemolysis, serum total antioxidant status (TAS) and serum selected 
biochemical tests. Results: Rosemary extract showed efficient total antioxidant capacity, reducing power, scavenging activity 
of DPPH, scavenging activity of OH· and a reasonable iron chelating ability. Pre-incubation of erythrocytes in vitro with 
methanolic extract of rosemary then exposed to H₂O₂ decreased significantly MDA production (i.e. anti-lipid-peroxidant), PC 
production (i.e. anti-protein-oxidant) and oxidant hemolysis (i.e. anti-hemolytic) in a concentration dependent manner. Oral 
administration of aqueous extracts of rosemary to healthy volunteers, for 5 days, increased significantly serum TAS (18% 
increase), erythrocyte GSH (72% increase), erythrocyte superoxide dismutase (SOD) (21% increase) and decreased 
significantly erythrocyte MDA (17% decrease), with no effect on serum biochemical tests for kidney, liver, cardiac and 
pancreatic, compared to 0 time administration. Conclusion: Rosemary extracts have efficient in vitro and in vivo antioxidant 
related effects. As the present findings are obtained in healthy humans with no oxidative stress, this indicates that rosemary can 
improve the base line of the defense mechanisms against possible oxidative stress, with no adverse effects, thus decreasing 
susceptibility or preventing the progress of pathological conditions related to oxidative stress. 
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1. Introduction 

Rosemary (Rosmarinus officinalis L.) belongs to the 
family Lamiaceae (Labiatae) is a well-known aromatic plant 
used all around the world for different medicinal purposes. 
Recent research has shown that rosemary extracts have a 
variety of pharmacological activities, such as antioxidant, 
antimicrobial, cognition-improving, cancer chemoprevention, 
anti-diabetic, DNA-protective, choleretic, hepatoprotective, a 

stimulant and mild analgesic, and it has been considered as 
one of the most effective herbs for treating headaches, poor 
circulation, inflammatory diseases, and physical and mental 
fatigue [1-6]. Most pharmacological effects of rosemary are 
the consequence of high antioxidant activity of its main 
chemical constituents, which include carnosol, carnosic acid, 
ursolic acid, rosmarinic acid, and caffeic acid. The potent 
antioxidant properties of rosemary have been mainly 
attributed to its major diterpenes, carnosol and carnosic acid, 
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as well as to the essential oil components [7, 8]. Rosemary is 
one of the most effective spices widely used in food 
processing as well it is the only spice commercially available 
for use as an antioxidant in europe and the united states. 

The antioxidant related effects of rosemary and its 
components have been studied in various in vitro and in vivo 
models. In vitro models showed that rosemary extracts and 
its components have free radical scavenging and anti-lipid 
peroxidant activities by various in vitro antioxidant assays [8-
14]. Animal in vivo models showed under oxidative stress 
conditions that rosemary significantly lowered induced lipid 
peroxidation and raised the levels of reduced glutathione 
(GSH), and the antioxidant enzymes of catalase, peroxidase, 
glutathione peroxidase (GPx), glutathione reductase (GR), 
and glutathione S-transferase (GST) [15-19]. 

Free radicals and reactive oxygen species are continuously 
produced in the human body. These oxygen species are the 
cause of cell damage and the initiation and progression of 
chronic diseases. Therefore, body systems must be protected 
from oxidative injury through lines of defense that includes 
intracellular antioxidants such as reduced glutathione (GSH), 
superoxide dismutase (SOD), glutathione peroxidase (GPx), 
glutathione reductase (GR), glutathione S-transferase (GST) 
and catalase, and extracellular antioxidants such as vitamins, 
micronutrients, carotenoids, polyphenolics and other 
bioactive compounds [20, 21]. 

Despite the large number of in vitro and in vivo animal 
studies performed on rosemary extract and its essential oil, 
surprisingly no clinical studies are available on humans. 
However, we found only two recent studies in litrature, one 
by Abdulrahim Al Jamal [22] who found that 3 g of rosemary 
leaves powder given dialy to healthy subjects and DM type-2 
patients for 4 weeks improved significantly fasting blood 
glucose and lipid profile in DM patients, with no effects on 
these parameters in healthy subjects. The second study by 
Labban et al. [23] who found that 5 and 10 g of rosemary 
leaves powder given dialy to healthy subjects for 4 weeks 
improved significantly fasting blood glucose and serum lipid 
profile and blood peroxidation product (MDA), none of these 
two studies measured serum biochemical parameters other 
than glucose and lipid profile. 

There is an epidemiological evidence that showed 
consumption of various herbs and spices is associated with 
positive health benefits, however, there is also some evidence 
that changes in the pH of gastrointestinal tract may 
significantly influence the structure and activity of the 
biologically-active compounds contained in consumed herbs. 
In fact, U. Gawlik-Dziki and M. Świeca [12] have found that 
simulation of gastric digestion in vitro, caused a significant 
increase in the content of total phenolics, a significant 
decrease in activities of DPPH radical scavenging and ferric 
reducing power, with no significant effect on iron chelating 
ability or the anti-lipid peroxidation activity of the rosemary 
extract, compared to the pre-digestion activities. In addition, 
they found different herbs behaving differently in terms of 
degree and type of change. Therefore, it seems reasonable to 
validate the potential antioxidant activities of edible herbs by 

testing them in vivo particularly in humans. As rosemary is 
one of the edible herbs widely used by the public across the 
world in every day life as food supplement and folk medicine, 
no studies could be found in letrature, testing the in vivo 
effects of rosemary on normal healthy humans. This could 
also be true for most herbal extracts. The present study 
therefore focused on the antioxidant related effects of 
rosemary on normal human volunteers after oral 
administration of aqueous extract for 5 days. To compare the 
in vivo effects with that of in vitro effects, we first tested the 
antioxidant properties of methanolic extract of rosemary by 
chemical assays and then the effect of methanolic extract of 
rosemary on human erythrocytes exposed to H2O2 by in 

vitro experiments. The following assays were employed in 
these in vitro and in vivo studies: total antioxidant capacity 
(TAC), reducing power, scavenging activity of DPPH, 
scavenging activity of OH·, iron chelating ability, serum total 
antioxidant status (TAS), erythrocyte malonyldialdehyde 
(MDA), protein carbonyl (PC), reduced glutathione (GSH) 
and superoxide dismutase (SOD) and selected serum 
biochemical tests. 

2. Materials and Methods 

2.1. Chemical Antioxidant Properties 

Chemical antioxidant properties of rosemary extract was 
evaluated by the following chemical assays as described 
elsewhere [24]: Total antioxidant capacity (TAC) measured 
as ascorbic acid equivalent (AAE). Reducing power 
measured as absorbance (A0) at 700 nm, with ascorbic acid 
being used as standard, an increase in absorbance was 
interpreted as increase in reducing activity of extract. 
Scavenging activity of DPPH, scavenging activity of OH· 
and iron chelating ability were measured as IC50 value, 
defined as the concentration of the antioxidant needed to 
scavenge 50% of present DPPH or OH· radicals or to chelate 
50% of present Fe2 ions in the test solutions respectively. 

2.2. In Vitro Study Design 

Venous blood from healthy university student volunteers 
of either sex, aging 19-30 years, was obtained by vein 
puncture in heparin tubes. Heparinized blood samples were 
centrifuged, and then the plasma and buffy coat layer were 
removed. Packed erythrocytes were washed three times with 
cold phosphate buffered saline (PBS). Washed erythrocytes 
were exposed to 10 mM H₂O₂ with and without methanolic 
extract of rosemary and then used for determination of MDA, 
PC, GSH and percentage hemolysis. 

2.2.1. Preparation of Methanolic Extract of Rosemary 

Rosemary (dried leaves), was purchased from a local 
herbal store in Amman, Jordan. The dried leaves were 
grounded in a blender with a particular size to ensure the 
powder in identical size, and then 100 g of the powder was 
soaked for 5-7 days with 1000 ml of 80 % methanol at 25 °C. 
After filtration, the filtrate was evaporated with a rotary 
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evaporator to remove the methanol under reduced pressure at 
50°C. The dry crude extract of rosemary was stored in 
refrigerator in dark glass bottle until use. A stock solution of 
1mg/ml from the crude extract was prepared by dissolving 
0.1g of dry crude extract / standard and diluted in 100 ml of 
98% methanol. This stock solution was stored in refrigerator 
until use for the in vitro study. 

2.2.2. Exposure of Erythrocytes to H₂O₂ (10 mM) 

Washed erythrocyte suspensions with or without pre-
incubation with plant extract were exposed to H2O2 for 1 hr 
at 37 °C as described elsewhere [25]. After incubation, the 
suspensions were used to measure erythrocytes MDA, PC, 
GSH and percentage hemolysis. The final concentrations of 
rosemary extract were 0.2, 0.4, 0.6 and 0.8 mg/ml. 

2.2.3. Determination of Erythrocyte MDA 

Erythrocyte MDA was determined as a measure of lipid 
peroxidation according to stocks and dormandy’s method 
(1971) using thiobarbituric acid (TBA) as modified by srour 
et al. (2000) [26]. All MDA concentrations were expressed as 
nmol/gHb. 

2.2.4. Determination of Erythrocyte Protein Carbonyl (PC) 

Erythrocyte PC was determined as a measure of protein 
oxidation using cayman’s protein carbonyl assay kit [27]. All 
protein carbonyl concentrations were expressed as nmol/g Hb. 

2.2.5. Determination of Erythrocyte Reduced Glutathione 

(GSH) 

Erythrocyte reduced glutathione (GSH) was determined 
using Ellman’s method [28] with slight modification as 
described elsewhere [29]. All GSH concentrations were 
expressed in mg/g Hb. 

2.2.6. Determination of Erythrocyte Percentage Hemolysis 

To induce complete hemolysis, 0.1 ml from each cell 
suspension was diluted and mixed with 2.9 ml distilled water. 
All samples before and after dilution with water were then 
centrifuged at 1200 x for 5 min. and hemoglobin 
concentration of supernatants was determined 
spectrophotometrically at 450 nm. Percentage hemolysis was 
calculated from the ratio of the absorbance of pre- to post- 
diluted samples. 

2.3. In Vivo Study Design 

Nine healthy volunteers (4 men and 5 women) with a mean 
age of 41.8±7.6 years were recruited in the study after they 
signed an informed consent according to the ethics 
committee requirements. Each volunteer received orally 250 
ml of aqueous extract of rosemary daily for 5 days. Venous 
blood samples were taken before and one hour after the first 
dose of aqueous extract (sample I and II respectively) and 
then one day after the last dose of day five (i.e. day 6, sample 
III). The first blood sample taken before the first dose (i.e. 
sample I), served as control for the next samples of II and III. 
This study was approved by the ethics committee of the 
university of Jordan, and have therefore been performed in 

accordance with the ethical standards laid down in the 1964 
declaration of Helsinki. 

2.3.1. Preparation of Aqueous Extract of Rosemary 

This was prepared as usually used by the Jordanian public 
in dealing with this plant. Dried rosemary leaves were 
purchased from the local herbal store in Amman, Jordan. 50 g 
of leaves was boiled with 2.5 L water for 10-15 min, and then 
left covered soaking for 3-4 hrs at room temperature, then 
250 ml of soaked aqueous extract was given orally to each 
individual daily for 5 days. 

2.3.2. Blood Samples 

Three blood samples were collected in gell clot activator 
tubes from each healthy volunteer (sample I before drinking 
the aqueous extract , sample II after one hour of the first dose 
(drinking aqueous extract ) on day one and sample III at day 
6 (i.e. one day following the last dose of day five). Gell tubes 
were centrifuged for 10 min at 3000 xg at room temperature 
to separate and collect serum. Then 2 ml of distilled water 
added to the cells under the gell in tubes and the tubes were 
centrifuged for 5 min at 3000 xg and the supernatant 
(hemolysate) was collected. All samples (serum and 
hemolysate) were stored frozen at - 20°C until analysis. 

2.3.3. Determination of Serum Total Antioxidant Status 

(TAS) 

Serum total antioxidant status measured by TAS kit from 
Randox. The results were expressed as mmol/L. 

2.3.4. Determination of Erythrocyte Superoxide Dismutas 

(SOD) Activity 

Erythrocyte superoxide dismutas (SOD) was measured 
using kit from Randox [30]. The results were expressed as 
U/gHb. 

2.3.5. Determination of Serum Biochemical Parameters 

The kits for determination of serum biochemical 
parameters were purchased commercially from Roche and 
902 Hitachi analyzer used to perform the following 
biochemical parameters: serum sodium (Na), potassium (K), 
urea nitrogen (BUN), creatinine (CREA), uric acid (UA), 
albumin (ALB), total protein (TP), lactate dehydrogenase 
(LDH), alanine transaminase (ALT), aspartate transaminase 
(AST), alkaline phosphatase (ALP), creatinine 
phosphokinase (CPK) and amylase (AMYL). 

2.4. Statistical Analysis 

All data are reported as the mean ± SD., statistical analysis 
was performed using SPSS statistics 17. The results were 
compared by paired t-test. The results with a value of P ≤ 
0.05 were considered significant. 

3. Results 

3.1. Chemical Antioxidant Properties 

When the antioxidant activity of rosemary was studied by 
several chemical assays as shown in table 1, total antioxidant 
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capacity was 184.9 mg AAE/g extract, ferric reducing power 
measured as absorbance at 700 nm was 1.4 compared to 3.0 
for vit. C as positive control, DPPH scavenging activity 
measured as IC50 was 41.0 µg/ml compared to 5.8 for vit. C 
as positive control, OH· scavenging activity measured as IC50 
was 72.6 µg/ml compared to ≤ 10 for catecholamin as 
positive control and iron chelating ability measured as IC50 
was 241.0 µg/ml compared to 17.3 for EDTA as positive 
control. According to these results it seems that 1 mg 
ascorbic acid (AA) was found to be equivalent to 5.4 mg 
extract for total antioxidant capacity, to 2.1 mg extract for 
reducing power and to 7.1 mg extract for DPPH scavenging, 
and 1 mg catecholamine was found to be equivalent to ≥ 7.3 
mg extract for OH· scavenging, and 1 mg EDTA was found 
to be equivalent to 13.9 mg extract for iron chelating. 

3.2. In Vitro Study 

As shown in figures 1, 2, 3, exposure of human 
erythrocytes in vitro to 10 mM H₂O₂ caused a significant 
increase in MDA (from 14.5 to 300 nmol/g Hb), protein 
carbonyl (from 510 to 1420 nmol/g Hb) and hemolysis (from 
1.7 to 13.8%). Pre-incubation of erythrocytes with 
methanolic extract of rosemary at concentrations of 0.2, 0.4, 
0.6 and 0.8 mg/ml and then exposed to H₂O₂ decreased 
significantly MDA production (i.e. anti-lipid-peroxidant), 
protein carbonyl (PC) production (i.e. anti-protein-oxidant) 
and oxidant hemolysis (i.e. anti-hemolytic) compared to 
H₂O₂ alone, in a concentration dependent manner at all 
concentrations. Whereas, rosemary extract had no significant 
effect on GSH before or after exposure to H₂O₂ (fig. 4) 

Table 1. Results of the chemical antioxidant assays of rosemary. AAE denotes to ascorbic acid equivalent. 

 
Total Antioxidant 

Capacity (mg AAE/g) 

Reducing power 

(A0 at 700 nm) 

Scavenging activity of 

DPPH (IC 50=µg/ml) 

Scavenging activity of 

OH (IC50=µg/ml) 

Iron Chelating 

(IC 50= µg/ml) 

Rosemary extract 184.9 ± 20.0 1.4 ± 0.005 41.0 ± 0.9 72.6 ± 2.9 241.0 ± 7.5 
positive controls - Vit. C = 3.0 ± 0.002 Vit. C = 5.8 ± 0.6 Catecholamin ≤ 10.0 EDTA = 17.3 ± 1.0 

 
Fig. 1. Malonyldialdehyde (MDA) concentration of normal erythrocytes when incubated at 37°C for 60 min in the absence or in the presence of 10 mM H₂O₂, 

or in the presence of 10 mM H₂O₂ plus different concentrations of rosemary methanolic extract. Each column represents the mean value and bars represent 

the S.D. (n = 7). *P ≤ 0.05, compared to treatment with H₂O₂ alone. 

 
Fig. 2. Protein carbonyl (PC) concentration of normal erythrocytes when incubated at 37°C for 60 min in the absence or in the presence of 10 mM H₂O₂, or in 

the presence of 10 mM H₂O₂ plus different concentrations of rosemary methanolic extract. Each column represents the mean value and bars represent the S.D. 

(n = 7). *P ≤ 0.05, compared to treatment with H₂O₂ alone. 
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Fig. 3. Percentage hemolysis of normal erythrocytes when incubated at 37°C for 60 min in the absence or in the presence of 10 mM H₂O₂, or in the presence 

of 10 mM H₂O₂ plus different concentrations of rosemary methanolic extract. Each column represents the mean value and bars represent the S.D. (n = 7). *P 

≤ 0.05, compared to treatment with H₂O₂ alone. 

 
Fig. 4. Reduced glutathione (GSH) concentration of normal erythrocytes when incubated at 37°C for 60 min in the absence or in the presence of 10 mM H₂O₂, 

or in the presence of 10 mM H₂O₂ plus different concentrations of rosemary methanolic extract. Each column represents the mean value and bars represent 

the S.D. (n = 7). 

Table 2. Results of the in vivo study of oral administration of rosemary aqueous extract to healthy volunteers. Each value represents the mean value ± S.D., (n 

=9), *P value ≤ 0.05, compared to 0 time administration. NM indicates not measured. 

Measured parameter Sample I Sample II Sample III 

Serum TAS (mmol/L) 1.14 ± 0.3 1.31 ±0.27* 0.27* 1.35 ±0.20* 

Erythrocyte GSH (mg/gHb) 0.82 ± 0.13 NM 1.41 ±0.23* 

Erythrocyte SOD (U/gHb) 1106 ±118 118.3 NM 1340 ±134* 

Erythrocyte MDA(nmol/gHb) 21.2 ± 2.0 NM 17.7 ± 2.8* 
Serum Na (ref value=135-145 
 

145.0 ± 2.8 144.5± 2.1 145.5 ± 2.0 

Serum K (ref value=3.7-5.2 mmol/L) 4.4 ± 0.39 4.6 ± 0.35 4.4 ± 0.29 

Serum BUN (ref value=6-20 mg/dL) 12.6 ± 2.2 12.6 ± 1.5 10.2 ± 1.9 

Serum CREA(ref value= 0.6-1.3 mg/dL) 0.78 ± 0.20 0.78 ± 0.21 0.76 ± 0.26 

Serum UA (ref value= 3.5-7.2 mg/dL) 5.4 ± 1.8 5.4 ± 1.7 5.6 ± 1.8 

Serum ALB(ref value= 34-54 g/L) 47.2 ± 4.6 45.3 ± 3.5 46.6 ± 3.4 

Serum TP (ref value = 60-85 g/L) 79.4 ± 6.7 77.4 ± 4.8 81.5 ± 5.5 

Serum ALP(ref value=55-142  130± 86 126± 84 126 ± 82 

Serum AST (ref value= 8-40  25 ± 6 25 ± 7 24 ± 5 

Serum ALT (ref value= 7-55  27 ± 15 26 ± 14 27 ± 16 

Serum CPK(ref value=38-176  124±71 71.8 121± 64 121 ± 50 

SerumLDH(refvalue=200-450 U/L) 403± 105 374± 79 358 ± 66 
Serum AMY(refvalue=40-140 51 ± 16 49 ± 14 50 ± 15 
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3.3. In Vivo Study 

The results of the in vivo study are shown in table 2. As 
shown in table 2, oral administration of aqueous extracts of 
rosemary to healthy volunteers for 5 days increased 
significantly serum total antioxidant status (TAS) (from 1.14 
to 1.35 = 18 % increase), erythrocyte reduced glutathione 
(GSH) (from 0.82 to 1.41 = 72 % increase), erythrocyte 
superoxide dismutase (SOD) (from 1106 to 1340 = 21 % 
increase) and decreased significantly erythrocyte 
malonyldialdehyde (MDA) (from 21.2 to 17.7 = 17 % 
decrease) at day 6 (i.e. one day following the last dose of day 
five) of administration, compared to 0 time administration.  

Rosemary had no significant effect on any of the following 
serum parameters that stayed within the reference ranges 
(sodium, potassium, urea nitrogen (BUN), creatinine, uric 
acid (UA), albumin, total protein, alkaline phosphatase 
(ALP), lactate dehydrogenase (LDH), alanine transaminase 
(ALT), aspartate transaminase (AST), creatinine 
phosphokinase (CPK), amylase (AMYL)) that have been 
measured at 0 time, 1 hour after the first dose of day 1, or at 
day 6 (i.e. one day following the last dose of day five) (Table 
2). 

4. Discussion 

Reactive oxygen species (ROS) may accumulate in the cell, 
either from excessive production or insufficient 
neutralization, causing oxidative damage to DNA, lipids, and 
proteins. Mitochondria organelles in cells are both a major 
source and target for ROS. This accumulation of ROS (called 
oxidative stress) has been shown to be a factor in the 
initiation and progression of many diseases. Natural 
antioxidants strengthen the endogenous antioxidant defenses 
against reactive oxygen species (ROS) and restore the 
optimal antioxidant/oxidant balance by neutralizing the 
reactive species. 

Antioxidants can delay or prevent the oxidation of lipids, 
protiens or other molecules by inhibiting the initiation or 
propagation of an oxidizing chain reactions [31]. 

Medicinal plants contain natural substances that are known 
to have antioxidant activities. In recent decades, an 
increasing evidence indicates the positive role of traditional 
medicinal plants in the prevention or control of many 
diseases [32]. 

Among the herbal extracts reported to have antioxidant 
activity, rosemary (Rosmarinus officinalis L.) which is one of 
the most widely used and commercially available herb. 

Various in vivo mechanisms may contribute to oxidative 
processes in complex systems, therefore, it is important to 
characterize herbal extracts by a variety of antioxidant assays. 
Several chemical antioxidant assays were applied in the 
present study to characterize methanolic extract of rosemary.  

As shown in Table 1, rosemary extract have efficient total 
antioxidant capacity, reducing power, scavenging activity of 
DPPH, scavenging activity of OH· and a reasonable iron 

chelating ability. These results are in agreement with 
previous data reported on the antioxidant activity of rosemary 
extract and essential oil that also showed efficient scavenging 
activity and a reasonable iron chelating ability [12, 13, 16, 
24]. 

The present in vitro study on normal human erythrocytes 
showed that pre-incubation of erythrocytes with methanolic 
extract of rosemary and then exposed to H₂O₂ decreased 
significantly MDA production (i.e. anti-lipid-peroxidant), PC 
production (i.e. anti-protein-oxidant) and oxidant hemolysis 
(i.e. anti-hemolytic) that were caused by H2O2, in a 
concentration dependent manner (Figures 1, 2, 3). To our 
knowledge, the anti-protein-oxidant and anti-hemolytic 
activities of rosemary (Figures 2, 3) have not been reported 
before, whereas the anti-lipid-peroxidant activity (Fig. 1) has 
been reported before [12, 16, 23].  

The present in vivo study on humans (Table 2) showed that 
oral administration for 5 days of aqueous extracts of rosemary 
increased significantly serum total antioxidant status (TAS), 
erythrocyte reduced glutathione (GSH), erythrocyte superoxide 
dismutase (SOD), and decreased significantly erythrocyte 
malonyldialdehyde (MDA). To our knowledge, these serum 
antioxidant enzymes in human have not been reported before 
to compare with, whereas the anti-lipid-peroxidant activity in 
healthy human has been reported before [23]. These in vivo 
results, however, coincide with the findings of other 
researchers in animals exposed to oxidative stress with various 
means that showed rosemary extract and essential oil improved 
enzymatic and non enzymatic antioxidant parameters under 
induced oxidative stress conditions [15-19]. As the present 
findings are obtained in healthy humans with no oxidative 
stress induction, this indicates that rosemary can improve the 
base line of the defense mechanisms against possible oxidative 
stress, thus decreasing susceptibility to diseases related to 
oxidative stress. 

The present in vitro study showed that rosemary extract 
had no effect on GSH of incubated erythrocytes before or 
after exposure to H2O2 (Fig. 4). This is in contrary to the in 

vivo study of humans (Table 2), indicate that the in vitro 
antioxidant activity of the tested extract is not mediated 
through increasing erythrocyte GSH, probably, because the in 

vitro experimental condition, which lacks the nutrients, is 
supposed to be not suitable for the reproduction of GSH. 

Absence of rosemary effect on serum LDH of healthy 
volunteers may indicate in vivo anti-hemolytic activity for 
this plant and/or absence of adverse in vivo hemolytic activity.  

Absence of the effect of oral administration of aqueous 
extract of rosemary on serum biochemical tests that stayed 
within the reference ranges for kidney function (BUN,CREA), 
liver function enzymes and tests (ALT, AST, ALP, albumin, 
total protein), cardiac enzymes (CPK, LDH, AST) and 
pancreatic amylase, indicates absence of adverse effects on 
these organs. This result agrees with the findings of Moeko 
Noguchi-Shinohara et al [33], the only published study in 
litrature, who evaluated the safety, tolerability and 
pharmacokinetics of single dose of Melissa officinalis extract 
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which contained 500 mg rosmarinic acid. They showed that 
rosmarinic acid supplementation did not affect liver, kidney, or 
blood cell function parameters, and no adverse event was 
reported by any of the participants due to the study treatment, 
indicating a single dose of Melissa officinalis extract 
containing 500 mg rosmarinic acid per day appears to be safe 
and tolerable in humans, but further studies may needed to 
investigate the safety of long-term rosmarinic acid use. This 
result also confirms a similar finding for some of these 
biochemical tests by others who gave rosemary extract or 
essential oil of rosemary to animals [16, 17, 34-38], and also 
coincides with others [16] who showed that essential oil of 
rosemary given to rats for seven days and then given a dose of 
CCl4 to induce liver injury significantly reduced the high 
serum levels of liver and kidney function tests of AST, ALT, 
total bilirubin, urea and creatinine that have been increased by 
the CCl4. Also with others [34, 39] who found that rosemary 
aqueous extract alleviates the nephrotoxicity induced by CCL4 
in albino rats or by gentamicin in guinea pigs. 

Measurement of various biochemical laboratory tests in 
serum after oral intake of rosemary was also important, to see 
whether a given plant extract affects laboratory analysis, as 
many patients may go to the clinical laboratory for analysis 
after drinking herbal extracts that have become a common 
habit in public, as there are no published studies showing 
their might be effects on laboratory tests. 

As the present study could not tell the mechanism by 
which rosemary increased cellular GSH in vivo and failed it 
in vitro and increased activity of SOD, one can speculate that 
either the increase in GSH triggers the increase in the 
enzymes dependent on it, or rosemary causes the induction of 
these enzymes independent of GSH. Therefore, further 
studies are required to gain more insight into the possible 
mechanisms of action.  

5. Conclusion 

Given orally to healthy humans for five days, rosemary 
extracts caused a significant increase in serum total 
antioxidant status, erythrocyte reduced glutathione, 
erythrocyte superoxide dismutase and decreased erythrocyte 
malonyldialdehyde (MDA), these results were proportional 
to the in vitro effects of rosemary on human erythrocytes that 
showed pre-incubation of erythrocytes with methanolic 
extract of rosemary at various concentrations and then 
exposed to H₂O₂ decreased significantly MDA production 
(i.e. anti- lipid-peroxidant), protein carbonyl (PC) production 
(i.e. anti-protein-oxidant) and oxidant hemolysis (i.e. anti-
hemolytic), in a concentration dependent manner.  

These in vivo and in vitro results can only be explained by 
the tested chemical antioxidant properties of rosemary that 
showed rosemary extract have efficient total antioxidant 
capacity, reducing power, scavenging activity of DPPH, 
scavenging activity of OH and a reasonable iron chelating 
ability. 

The positive antioxidant related effects of rosemary on 
healthy humans with no adverse effects on major body 

systems may indicate that this plant by improving the base 
line of the body defense mechanisms might be helpful in 
preventing the occurrence or progress of pathological 
conditions related to oxidative stress.  
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