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INTRODUCTION 

The health problems derived from oxidative stress and 

lipid oxidation have attracted the attention of researchers 

and consumers.
[1,2]

 Numerous diseases, such as cancer, 

aging and ischemia are linked to dietary and biological 

lipid oxidation products.
[3]

 Liver is the major and chief 

site for food metabolism, detoxifies and removes all 

endogenous and exogenous substances from body. The 

liver injuries and damage as result of oxidative stress 

impair liver functions and lead to many complications.
[4]

 

Aspartame (ASP) is a dietary low-calorie artificial 

sweetener and is widespread used over the last 30 

years.
[5]

 ASP is found in more than 6000 products, 

including yoghurt, soft drinks, candy, chewing gum, 

tabletop sweeteners fruit juices, jellies, gelatins and 

drugs such as vitamins and sugar-free cough drops.
[6]

 

However, ASP represents a higher source of oxidative 

stress since it is rapidly metabolized into methanol, 

phenylalanine and aspartic acid. Methanol is further 

metabolized by oxidation to formaldehyde and then to 

formate. These processes are accompanied by formation 

of superoxide anion and hydrogen peroxide which cause 

harmful effects of acute intoxication in many organs 

especially on liver functions.
[7]

 Nowadays consumers are 

concerned about the negative effect of synthetic 

chemicals in food and therefore there is a growing 

interest in using natural extracts as alternatives for 

synthetic additives because of (a) their cooperation with 

other preservation methods (b) they are safe, and (c) their 

specific properties as antioxidant, antidiabetic, 

antimutagenic, antibacterial and antitoxigenic.
[8]

 

Rosmarinus officinalis, L. (rosemary) is an aromatic plant 

from the Lamiaceae family, grows in many parts of the 

world and rich in several antioxidants.
[9]

 The most 

important antioxidant compounds of rosemary are 

carnosic acid, carnosol and rosmarinic acid.
[10]

 In the 

United States and Europe, rosemary is a unique spice 

commercially available for use as an antioxidant and 

rosemary extracts have been used in the treatment of 

diseases as well as in food preservation, because it 

prevents oxidation and microbial contamination and 

nowadays in the European Union, rosemary extracts are 

added to food and beverages at levels of up to 400 mg/kg 

(as the sum of carnosic acid and carnosol).
[8]

 On sight of 

the above-mentioned data, this study aimed to evaluate 

the possible protective role of aqueous extract of 
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ABSTRACT 

There is a growing interest in using natural antioxidants to treat various pathological tissue conditions considering 

the role of oxidative stress in their pathogenesis. Rosemary (Rosmarinus officinalis L., Lamiaceae) is a woody 

perennial herb and has been considered as one of the most effective in anti-oxidative stress and anti-inflammatory 

activity. Aspartame (ASP) is a dietary low-calorie artificial sweetener and is widespread used in more than 6,000 

products. Its metabolites amino acids, phenyl amine, aspartic acid and methanol in the gastrointestinal tract can be 

toxic, and it is considered as an oxidative stress producer and a multi-potential carcinogenic agent. This study 

aimed to evaluate the possible protective role of aqueous extract of rosemary (125 mg/ kg b.wt/day) against 

aspartame (250 mg/ kg b.wt/day)-induced injury in liver of adult male albino rats. In this work rosemary was co-

administered, pre-administered and post-administered with aspartame. Results showed that after two months 

rosemary restored levels of nitric oxide, malondialdehyde, catalase, super oxide dismutase, glutathione, tumor 

necrotic factor alpha and alpha fetoprotein in liver tissue. Moreover, rosemary improved serum levels of alanine 

amino-transferase, aspartate amino transferase, total protein and albumin, urea, creatinine and uric acid. 

Additionally, rosemary improved serum disturbances of electrolytes induced by aspartame for, sodium, potassium, 

calcium and phosphorus. This study concluded that, rosemary extract alleviates the harmful effects of aspartame in 

rat's liver and has a grateful role in restoration of sodium potassium and calcium phosphorus hemostasis. 

 

KEYWORDS: Rosemary, Antioxidants, Oxidative Stress, Liver, Aspartame, Rats. 
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rosemary against aspartame-induced injury in liver tissue 

of adult albino rats. This goal could be achieved through 

evaluating of ameliorating oxidative damage, pro-

inflammatory cytokines and liver antioxidant markers; 

glutathione content, catalase and superoxide dismutase 

enzymes. In addition, liver functions and electrolytes 

levels were estimated. 

 

MATERIALS AND METHODS 

Experimental animals  

Sixty male albino rats weighing 120-140 g were obtained 

from animal house of the National Research Center 

(Cairo). Rats were housed in plastic cages at a 

temperature of (24±2 ) under natural lighting 

conditions (12 h light/dark cycles). All rats were 

provided with water and food (standard laboratory diet). 

Animals were subjected to pre-experimental 

acclimatization for two weeks before starting the 

experiment. All animals cared for according to the 

guidelines for animal experiments which were approved 

by Ethical Committee of Ain Shams University, Cairo, 

Egypt.  

 

Chemicals 

Aspartame (C14H18N2O5) 

Pure aspartame (ASP) powder, reagents were purchased 

from Sigma Chemical Company, Louis, Mo, USA.  

 

Rosemary leaves extract preparation 
The dried rosemary leaves were purchased from a local 

supermarket in Cairo (Cairo, Egypt). Leaves were 

cleaned, shade dried, powdered and extracted. The 

extract was prepared by refluxing leaves with bi-distilled 

H2O for 36 hrs (12 hours × 3). The Cooled liquid extract 

was then transformed to powder by evaporating water. 

The powder was re-dissolved in bi-distilled water just 

before oral administration.
[11]

  

 

Experimental design  

After acclimatization period, animals were randomly 

distributed into 6 groups of 10 rats each as the following: 

The 1
st
 group (Con.) left without treatment and kept as a 

control group. The 2
nd

 group (Rose) was treated with a 

daily oral dose of rosemary extract (125 mg/ kg b.wt) for 

two months.
[12]

 The 3
rd

 group (Asp) was administrated a 

daily oral dose of aspartame (250 mg/ kg b.wt) dissolved 

in distilled water for two months.
[13]

 The 4
th

 group (Rose 

+ Asp) was concomitantly treated with rosemary 

accompanied with aspartame as the same previous 

corresponding doses, period and route of administration. 

The 5
th
 group (Rose then Asp) was administered 

rosemary for two hours then aspartame for two months. 

The 6
th
 group (Asp then Rose) was administered 

aspartame for two months then rosemary for two months. 

At the end of the experiment, all rats were sacrificed 

under ether anthesis. Blood was collected in clean dry 

tubes, kept for 15 minutes and then centrifuged at 3000 

rpm for 20 minutes. For the biochemical analysis; the 

sera were collected in Ependorph  tubes. Also, tissue 

samples from liver were dissected. 

 

Biochemical analysis of liver tissue 

Malondialdehyde level was evaluated by colorimetric 

method using lipid peroxide (Malondialdehyde) assay 

kit, Biodiagnostic, No. 25 29, Egypt according to the 

method described by Ohkawa et al.
[14]

 Nitric Oxide (NO) 

level was determined by colorimetric method using 

Nitric Oxide assay kit purchased from Biodiagnostic Co.: 

No 25 33, Egypt, according to the methods of 

Montgomery and Dymock.
[15]

 Catalase activity was 

determined by colorimetric method using catalase assay 

kit purchased from Bio-diagnostic Co.: No 25 17, Egypt, 

according to the method described by Aebi.
[16]

 

Glutathione content was determined according to the 

method of Beutler
[17]

, using kits from Biodiagnostic, 

Egypt, No. 2524. Superoxide dismutase (SOD) activity 

was determined by colorimetric method using superoxide 

dismutase assay kit purchased from biodiagnostic Co. No 

25 21, Egypt, according to the method described by 

Nishikimi.
[18]

 Quantitative estimation of tumor necrosis 

factor-α (TNF- α) was carried out using Rat TNF-α 

ELISA kit, No. K0331196, Koma Biotech Inc., Korea, 

according to the method described by Intiso et al.
[19]

 AFP 

was determined according to the manufacturerʼs 

instructions and guidelines (Biosource Europe S.A., 

Nivelles, Belgium) using rat AFP ELISA kit, No. 

MBS700622. 

 
Biochemical analysis of serum 

ALT and AST were determined using SPECTRUM 

alanine aminotransferase kits, E.C.2.6.1.2, Bio 

diagnostic, Egypt, according to the method described by 

Reitman and Frankel.
[20]

 Total Protein was determined 

using SPECTRUM total protein kit, block 20008-piece 

19 A, Diagnostics, Egypt, according to Gomal et al.
[21]

 

Albumin concentration was determined in serum 

according to the method of Doumas
[22]

, using the reagent 

kits purchased from Diamond Diagnostics, Egypt. Urea 

concentration was estimated according to Young.
[23]

, 

using reagent kits Purchased from Diamond Diagnostic, 

Egypt. Creatinine was determined according to Tietz
[24]

, 

using reagent kits from Diamond Diagnostic, Egypt. Uric 

acid concentration was estimated according to Trivedi et 

al.
[25]

, using reagent kits Purchased from Diamond 

Diagnostic, Egypt. Sodium and potassium were 

determined according to Bishop et al.
[26]

 The 

measurement of inorganic phosphorus in serum is 

determined according to Goldenberg and Fernandez.
[27]

 

Calcium was determined according to method of Gindler 

and King.
[28]

  

 

RESULTS AND DISCUSSION 

The current study focused on the effect of aqueous 

extract of rosemary on the toxicity induced by artificial 

sweetener, aspartame on liver of rats. Rosemary 

(Rosmarinus officinalis L.) is a household plant which 

grown in several parts of the world, it is used in folk 

medicine, as an antispasmodic in renal colic and 
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dysmenorrhea, in dismissing respiratory disorders, and to 

stimulate growth of hair.
[29]

 It was reported that rosemary 

has the potential to satisfy free radicals and improve the 

antioxidant status in rat tissues.
[11]

 In the current study 

rosemary was co-administered, pre-administered and 

post-administered with aspartame. Notably, the present 

study revealed that there are no significant changes 

between rats received rosemary alone and control, this is 

in accordance with Al-Gholam et al.
[30] 

 

It is known that oxidative stress results from an 

imbalance between the cellular production of reactive 

oxygen species (ROS) and the antioxidant mechanisms 

remove them.
[31]

 In the current study, aspartame 

administration induced a significant increase (p<0.001) 

in lipid peroxidation as MDA and NO levels in liver. 

While a significant decrease (p<0.001) in liver catalase, 

superoxide dismutase (SOD) activities and glutathione 

(GSH) contents were recorded when compared to control 

rats (Table 1). In consistence with the present findings, 

Mourad
[32]

 observed a significant elevation in lipid 

peroxidation in liver and kidney, as well as a decrease in 

liver GSH level and a decrease in SOD activity in liver 

and kidney. The current study suggested that the 

administration of ASP for two months is considered as a 

remarkable inducer of oxidative stress and inhibitor of 

antioxidant defense system in rat liver. This is in 

accordance with Iyaswamy et al.
[33]

 who concluded that 

ASP acts as a chemical stressor by altering liver function 

homeostasis and increasing protein oxidative damage 

and this promotes cell apoptosis and hepatotoxicity. 

These results attributed to the fact that ASP generates 

ROS and stimulates liver lipid peroxidation (LPO) which 

related to imbalance between the generation of free 

radicals and antioxidants. Excess production of reactive 

oxygen species (ROS) and reactive nitrogen species 

(RNS) can produce tissue damage by reacting with 

various cell components resulting in DNA strand breaks, 

LPO and protein oxidation. This chronic oxidative 

process can also lead to a progressive weakening of the 

antioxidant defense system.
[34]

 Furthermore, nitric oxide 

(NO) and its oxidative metabolite, peroxynitrite (ONOO
-

) are referred to as reactive nitrogen species (RNS). NO 

toxicity is related to its capacity to combine with 

superoxide anions (O
-2

) to form peroxynitrite (ONOO
-
), 

an oxidizing free radical that causes DNA fragmentation 

and lipid oxidation. In the mitochondria, ONOO
–
 acts on 

the respiratory chain (I-IV) complex and manganese 

superoxide dismutase (Mn SOD) to produce superoxide 

anions and hydrogen peroxide (H2O2) respectively.
[35]

 

Also, these alternations after ASP administration is 

mainly related to its metabolite methanol which is 

metabolized by oxidation to formaldehyde and then to 

format. These processes are accompanied by the 

formation of free radicals.
[36]

 So, MDA increased 

because the prime targets for free radical reactions are 

the unsaturated bonds in membrane lipids in the liver 

tissues. Consequent peroxidation results in a loss in 

membrane fluidity and receptor alignment.
[37] 

SOD is an important in the cell defense through 

dismutation of superoxide radicals to H2O2 and O2. Also, 

catalase detoxifies H2O2 into H2O and O2. Moreover, 

SOD protects catalase against superoxide anion and 

catalase protects SOD against inactivation by H2O2. 

Thus, SOD and catalase act as the enzymatic anti-

oxidative defense mechanism against reactive oxygen 

species.
[38]

 Moreover, GSH acts as the non-enzymatic 

anti-oxidative defense because it reacts with nitric oxide 

and protects the cellular system against the toxic effects 

of lipid peroxidation.
[39]

 The decrease in GSH activity 

observed in the present study seems to have been caused 

by methanol, because methanol metabolism depends 

upon GSH
[40]

, or may be caused by its rapid reaction 

with the highly reactive compound, formaldehyde, which 

is generated during methanol metabolism forming 

nucleophilic adducts and/ or lipid peroxidation 

products.
[32] 

 

In this study, the oxidative and anti-oxidative markers 

were ameliorated significantly comparing to ASP group 

after the treatment of rosemary extract either companied 

with aspartame for two months (Rose +Asp group) or 2 

hours pre-treatment of aspartame for two months (Rose 

then Asp group) or two months after aspartame treatment 

(Asp then Rose group) (Table 1). The protective effect of 

rosemary can be described that rosemary has a high 

scavenging capability of reactive oxygen and nitrogen 

species, mostly free radicals, as thought to be one of the 

main mechanisms of the antioxidant achievement 

displayed by phenolic compounds, proteins.
[41]

 In 

addition, phytochemical studies have shown that 

rosemary contains essential oils, terpenoids, flavonoids 

and alkaloids. Some of its constituents such as 

rosmarinic acid have been reported as powerful 

antioxidant protecting against free radical damage and to 

reduce hepatotoxicity.
[42]

 Moreover, Nieto et al.
[8]

 

reviewed that the antioxidant action of rosemary is taken 

via activation of redox-signaling pathways through 

Nuclear factor E2-related factor 2(Nrf2)-dependent 

transcriptional regulation. Nrf2 is a transcription factor 

that coordinates the basal and stress-inducible activation 

of a vast array of cytoprotective genes. Additionally, the 

antioxidant activities of carnosic acid and carnosol are 

due to their ability to maintain or increase glutathione 

peroxidase and SOD as well as reduce MDA through 

inhibition of lipid peroxidation and the effects of both 

components on membrane lipid peroxidation is higher 

than the effects of artificial antioxidants.
[43] 

 

Tumor necrosis factor alpha (TNF-α) is an inflammatory 

cytokine secreted by macrophages, neutrophils, T-cells 

and natural killer (NK) cells. It plays a major role in 

growth regulation, inflammation, tumor genesis, tumor 

metastasis and autoimmune diseases. Moreover, TNF-α 

is contributed to the manifestation of the pathological 

and systemic inflammatory response and ultimately to 

the development of organ failure.
[44,45]

 Α Fetoprotein 

(AFP) is an oncofetal gene and has been used as a 

screening test for early primary hepatocellular cancer and 
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serve as predictive markers for the development of 

hepatocellular carcinoma.
[46]

 The present findings 

showed that ASP caused a significant elevation 

(p<0.001) in the levels of both TNF-α and AFP 

comparing to controls. On the other hand, these levels 

were improved in all groups treated with rosemary 

extract comparing to aspartame group (Table 1). These 

elevations in TNF-α and AFP may be related to liver cell 

injury which caused by the accumulation of 

formaldehyde adducts and oxidative stress followed by 

ASP intake and such effects of aspartame cause 

functional alterations of proteins and DNA mutations, 

autoimmunity, cell death or malignant transformation.
[47]

 

Additionally, damage of liver cells by ASP might be 

second result of the activation of Kupffer cells which 

secrete TNF-α, interleukins, reactive oxygen and 

nitrogen species, these mediators could act directly on 

hepatocytes to cause cell death.
[48]

 Moreover Arafa and 

Aly
[48]

 pointed that more AFP expression can be induced 

in rat hepatocytes following toxic injury and liver 

damage where continuous hepatocellular damage occurs, 

and hepatocellular regeneration is supposed to take 

place. Consequently, the scavenger capacity of rosemary 

for free radicals is considered the main cause of the 

improvement of TNF-α and AFP. Recent articles 

reviewed that rosemary targets several deregulated 

pathways related with cancer, inflammation and 

apoptotic related proteins.
[41,49]

 Furthermore, the 

antioxidant molecules from rosemary not only act as free 

radical scavengers but also play a role by regulating the 

activity and/or expression of certain enzymatic systems 

associated in appropriate physiological processes like 

apoptosis, tumor promotion and intracellular signal 

transduction.
[49]

 More in details, carnosic acid and 

carnosol have powerful anti-inflammatory and anti-

cancer activities.
[50]

 

 

Table (1): Effect of Rosemary (Rose) or / and Aspartame (Asp) on hepatic oxidative stress, anti-oxidants, tumor 

necrotic factor alpha and alpha-fetoprotein contents in male rats. 

Group 
MDA 

(nmol /g 

tissue) 

NO 
(mol /g 

tissue) 

Catalase 
(mol/g 

tissue 

GSH 
(mol/g 

tissue) 

SOD 
mol/g 

tissue 

TNF-α 
(ng/g tissue) 

AFP 
(ng/g tissue) 

Con. 24.95±0.73 2.30±0.13 4.17±0.13 29.00±3.19 2.58±0.14 7.03± 0.27 5.94±0.29 

Rose 
28.80±0.26 2.53±0.12 3.81±0.19 28.40±1.28 2.33±0.08 7.68± 0.14 7.39±0.14 

N.S  N.S  N.S  N.S  N.S  N.S  N.S  
15.43% 10.00% -8.63% -2.06% -9.68% 9.24% 24.41% 

Asp 
69.66±3.94 4.44±0.16 0.77±0.03 10.83±0.65 0.58±0.10 26.16±1.85 41.66±2.60 

a*** a*** a*** a*** a*** a*** a*** 
179.19% 93.04% -81.53% -62.65% -77.51% 272.11% 601.34% 

Rose + 
Asp 

28.18±0.59 1.86±0.05 4.75±0.27 35.45±0.42 3.82±0.20 4.10± 0.32 3.58±1.03 
b***  b***  b***  b***  b**  b*** b*** 

12.94% -19.13% 13.90% 22.24% 48.06 -41.67% -39.73% 

Rose then 

Asp 

26.43±0.53 2.01±0.04 2.95±0.17 27.10±0.29 2.23±0.10 9.28±0.39 6.13±0.32 
b*** b*** b*** b*** b*** b*** b*** 

5.93% -12.60% -29.25% -6.55% -13.56 32.00% 3.19% 

Asp then 

Rose 

33.00±0.36 2.58±0.13 2.83±0.26 26.91±0.42 2.20±0.06 10.06±0.12 7.10±0.26 
b*** b*** b*** b*** b*** b***  b*** 

32.26% 12.17% -32.13% -7.20% -14.72% 43.10% 19.52% 
The results are presented as Mean ± SE for 6 rats /group *** = P <0.001. **= p<0.01. N.S= non-significant. a: 

Significant change from control group. b: Significant change from Asp group. Con= normal control group, Rose = 

Rosemary group, Asp = aspartame group, Rose +Asp =Rosemary and aspartame group, Rose then Asp =Rosemary 

two hours then aspartame group, Asp then Rose = Aspartame then rosemary group. (%): percent of change from 

control value. 

 

The present results showed that at the level of serum 

analysis, the treatment of aspartame caused significant 

elevation (p<0.001) in the activities of liver enzymes 

(ALT and AST), in addition to significant decline 

(p<0.001) in total protein and albumin comparing to 

controls (Table 2). Rosemary extract treatment led to 

limited ALT and AST activities and increase in total 

protein and albumin comparing to aspartame group 

possibly because of the remarkable antioxidant property 

of Rosemary that drastically attenuated liver tissue 

damage. The increase in serum ALT, AST activities 

gives another confirmation for liver injury caused by 

oxidative stress which induced by aspartame. 

Accordance with Iyaswamy et al.
[33]

, ALT and AST 

located in the cytosol but escape out from the cell into 

extracellular fluids and blood flowing due to changes in 

the permeability of hepatocyte membranes due to 

increased lipid peroxidation induced by oxidative stress. 

More to the point decreased total protein and albumin 

also may be related to decrease of liver enzymes. 

According to
[36]

 the decreased liver enzymes may affect 

the metabolism and regulation of amino acids and this 

may lead to starvation of the cells and might affect the 

synthesis of nuclear proteins, nucleic acids and 

phospholipids. Additionally, hepatocytes establish a 

main source of serum protein, the alternations in serum 
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protein and albumin indicating disability of protein 

synthesis from liver cells and it is also a sign of increased 

catabolism than anabolism due to toxicity of ASP. As 

well, the results of the present study are in conformity 

with those reported by Iyaswamy et al.
[33]

 who 

demonstrates that long-term consumption of aspartame 

may induce changes on the redox status of liver 

functions; however, aspartame and its metabolite 

methanol could induce liver damage via the mechanism 

of apoptosis and bring out hepatotoxicity. The marked 

regulation of liver enzymes, total protein and albumin 

after rosemary treatment may prove that rosemary 

conserves the structural integrity of liver against ASP-

induced injury through the capacity to ROS scavenger as 

well as through stimulation of endogenous antioxidant 

defense system.
[51]

 Another consequence of the rosemary 

effect capable of inactivate free radicals and blocking 

them from approaching biomolecules in the biological 

system as proteins, amino acids, DNA, polyunsaturated 

fatty acids, lipoproteins and sugar.
[52] 

 

Serum analysis also showed that aspartame caused 

elevation in urea, uric acid (p<0.001) and creatinine 

(p<0.01) (Table 2). This is another indication for liver 

dysfunctions as high urea levels mean that activities of 

the urea cycle enzymes increased which increase the 

capacity of the liver to synthesize urea and this may 

relate to the increased catabolism than anabolism of 

proteins. This suggestion was supported by previous 

studies.
[53, 54]

 Also, the elevated serum levels of urea and 

creatinine indicate reduced ability of the kidney to 

eliminate the toxic metabolic substances.
[55]

 In 

accordance with these results, it was investigated that 

methanol administration significantly increased serum 

urea and creatinine levels.
[56]

 Additionally, as mentioned 

in Maiuolo et al.
[57]

 The liver is one of the main organs 

for endogenous production of uric acid, and it is 

eliminated by kidney. The balance of uric acid formation 

and excretion is driven by several enzymatic pathways 

which regulated by pathophysiological factors as 

metabolic products and free radical species. Furthermore, 

hyperuricemia is independently associated with the 

severity of liver damage and elevation of liver enzymes, 

AST and ALT which recorded in the present study.
[58]

 In 

addition, the elevations of urea and uric acid also reflect 

the severity of kidney dysfunction. This suggestion was 

supported by the previous studies of Adaramoye and 

Akanni
[59]

 who reported that this is occurred in 

association with a justly sudden fall in glomerular 

filtration rate because of methanol. Methanol the 

metabolite of aspartame that enters the proximal tubular 

cells, binds to anionic phospholipids and inducing 

abnormal function and metabolism of intracellular 

membranes and other organelles, and developed injury in 

the tubular epithelial cells in kidney.
[60]

 

 

As shown in (Table 2), after treatment with rosemary 

restoration of urea and uric acid was obtained while 

serum creatinine showed no significant change (p>0.05). 

This data is accordance with Ardalan et al.
[61] 

According 

to Essawy et al.
[51]

, rosemary extract alleviates the 

toxicity induced by aspartame on the kidney through 

antioxidant potency and stimulation of endogenous 

antioxidant defense system. 

 

Table (2): Effect of Rosemary (Rose.) or / and Aspartame (Asp.) on some serum analysis of male rats. 

Group 
ALT 

(IU/L) 
AST 

(IU/L) 
Total 

protein (g/dl) 
Albumin 

(g/dl) 
Urea 

(mg/dl) 
Creatinine 

(mg/dl) 
Uric Acid 

(mg/dl) 
Con. 48.16±2.9 148.00± 4.72 7.36±0.11 4.01±0.19 35.50±1.66 0.25±0.01 5.78±0.17 

Rose 
43.16± 0.87 140.50±3. 50 7.56±0.05 3.98±0.04 39.33±0.33 0.21±0.01 5.33±0.09 

N.S N.S N.S N.S N.S N.S N.S 
-10.38% -5.06% 2.71% -0.74% 10.78% -16.00% -7.78% 

Asp 
113.66±6.14 299.16± 5.97 5.35± 0.16 2.61±0.11 45.66±1.35 0.35±0.01 8.46±0.60 

a*** a*** a*** a*** a*** a** a*** 
136.00% 102.13% -27.30% -34.91% 28.61% 40.00% 46.36% 

Rose 

+Asp 

54.16± 1.07 151.50± 3.28 7.55±0.11 3.66±0.04 37.50±1.33 0.40±0.04 6.13±0.08 
b*** b*** b*** b*** b** N.S b*** 

12.45% 2.36% 2.58% -8.72% 5.63% 60.00% 6.05% 
Rose 

then 

Asp 

59.21± 1.39 168.20± 2.09 7.31± 0.10 3.45±0.06 41.83±1.85 0.40±0.02 6.25±0.08 
b*** b*** b*** b*** N.S N.S b*** 

22.94% 13.64% -0.67% -13.96% 17.83% 60.00% 8.13% 
Asp 

then 

Rose 

59.00± 0.96 160.16± 3.20 7.08±0.11 3.43±0.18 29.16±2.35 0.33±0.02 6.10±0.10 
b*** b*** b*** b*** b*** N.S b*** 

22.50% 8.10% -3.80% -14.46% -17.85% 32.00% 5.53% 
The results are presented as Mean ± SE for 6 rats /group. *** = P <0.001, **= P<0.01, N.S= non-significant a: 

Significant change from control group. b: Significant change from Asp group. Con= normal control group, Rose = 

Rosemary group, Asp = aspartame group. Rose +Asp =Rosemary and aspartame group, Rose then Asp =Rosemary 

two hours then aspartame group, Asp then Rose = Aspartame then rosemary group. (%): percent of change from 

control value. 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/liver-injury
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All over the body, electrolytes as sodium and potassium 

play the critical roles in regulation of nerve and muscle 

functions and preserve acid-base and water balance. 

Also, calcium and phosphorus play a vital role in 

transmission of nerve impulse, muscular contraction, 

hormone secretion, blood coagulation and intercellular 

adhesion, skeletal development and cell signaling.
[62,63]

 

The kidney plays the vital role in the homeostasis of 

these electrolytes through glomerular filtration and 

tubular reabsorption and/or secretion. The disturbances 

in kidney functions lead to unbalance and disorders over 

all the body in these electrolytes.
[64]

 In the current study 

aspartame caused significant disturbances (p<0.001) in 

serum sodium (Na
+
), potassium (K

+
), calcium (Ca

2+
) and 

phosphorus (Ph) levels (Table 3). In more details, the 

results obtained a decrease in serum (Na
+
) with an 

increase in K
+
 levels. Similarly, a decrease in Ca

2+
 with 

an increase in Ph levels was recorded. This means that 

aspartame caused disorders of mineral metabolism and 

electrolytes hemostasis. According to
[40]

, lower Na
+
 

indicates inability of kidney to conserve sodium and 

increase in potassium may be due to reduced excretion of 

K
+
 worse by leakage of intracellular potassium into 

blood stream. And this is because lesions in renal tubular 

epithelium induced by methanol metabolite of aspartame. 

Also, according to Hozayen et al.
[65]

, these disturbances 

in Na
+
 and K

+
 may be due to inhibition of membrane 

bound enzyme (Na
+
, K

+
 ATPase) activity due to the 

indirect action of ASP metabolites as methanol on the 

membrane bilayer, through lipid peroxidation by free 

radicals. Likewise, decreased calcium level by aspartame 

may be due to inhibition of Ca
2+

 ATPase. This enzyme is 

responsible for active Ca
2+

 transport and is sensitive to 

hydro peroxides and free radicals from methanol 

metabolite of aspartame and this led to oxidative 

modification of thiol groups in this enzyme.
[66] 

Moreover, 

methanol enhances deposition of Ca
2+

 and causes an 

increase in the urinary excretion of it. According to 

Saleh
[60]

, these results may establish that there was 

association between aspartame and kidney stones as Ca
2+

 

accumulation is the most common reason for the 

formation of kidney stones. Similarly, increased 

phosphorus (p<0.001) by aspartame in blood means that 

kidneys do not excrete enough phosphate.
[67]

 And this is 

may be due to renal cells injury induced by aspartame.
[68]

 

Also, increased phosphorus in aspartame-based group 

may be due to increasing the absorption of phosphate by 

aspartame or its amino acids.
[61]

 The treatment of 

aspartame administered rats with rosemary extract 

induced a significant (p<0.001) improvement in 

electrolytes in comparison with aspartame treated group 

(Table 3). In accordance with Hozayen et al.
[65]

 and as 

discussed before, this may be due to the antioxidant 

properties of rosemary which improve injured renal cells. 

As well as the role of rosemary in regulating the activity 

and/or expression of certain enzymatic systems 

associated in physiological processes. Furthermore, 

mechanistic pathways of cyto-protection exerted by 

rosemary include (i) potent free radical scavenging 

activity and the ability to increase the cellular content of 

glutathione (ii) Ability to regulate membrane 

permeability, (iii) enhancement of detoxifying activity, 

and (iv) anti-apoptotic, anti-necrotic and anti-

carcinogenic activities.  

 

Table (3): Effect of Rosemary (Rose.) or / and Aspartame (Asp.) on serum electrolytes of male rats. 

Group 
Na 

(mEq/L) 
K 

(mEq/L) 
Ph 

(Mg/dl) 
Ca 

(Mg/dl) 
Con. 133.66±1.02 4.06±0.15 3.83±0.09 8.95±0.13 

Rose 
135.16±1.01 4.06±0.04 4.18±0.10 8.90±0.08 

N.S N.S N.S N.S 
1.12% 0.00% 9.13% -0.55% 

Asp 
124.83±1.40 5.91±0.12 5.08±0.24 7.70±0.20 

a*** a*** a*** a*** 
-6.60% 45.56% 32.63% -13.96% 

Rose +Asp 
136.83±0.90 3.86±0.04 3.60±0.07 9.45±0.18 

b*** b*** b*** b*** 
2.37% -4.92% -6.00% 5.58% 

Rose then Asp 
133.83±0.74 4.00±0.04 4.10±0.08 8.80±0.08 

b*** b*** b*** b*** 
0.12% -1.47% 7.04% -1.67% 

Asp then Rose 
135.33±1.02 4.08±0.06 4.10±0.06 8.88±0.10 

b*** b*** b*** b*** 
1.24% 0.49% 7.04% -0.78% 

The results are presented as Mean ± SE for 6 rats /group. *** = P <0.001 N.S= non-significant. a: Significant change 

from control group. b: Significant change from Asp group. Con= normal control group, Rose = Rosemary group, Asp= 

aspartame group, Rose +Asp =Rosemary and aspartame group, Rose then Asp =Rosemary two hours then aspartame 

group, Asp then Rose = Aspartame then rosemary group. (%): percent of change from control value. 

 

 

 

https://www.msdmanuals.com/home/hormonal-and-metabolic-disorders/electrolyte-balance/overview-of-phosphate-s-role-in-the-body
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CONCLUSION  

Upon the results obtained in the current study, it can be 

concluded that, rosemary extract alleviates the harmful 

effects of aspartame in rat's liver through free radical 

scavenging, anti-lipid peroxidative, anti-inflammatory 

and anti-tumor activities. Notably, rosemary has a 

grateful role in restoration of sodium potassium and 

calcium phosphorus hemostasis. In this regard the 

current study has brought a convincing indication 

preferring the usage of natural antioxidants like rosemary 

as a protective strategy against toxicity induced by 

aspartame. 
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