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ABSTRACT 

 
To study if encapsulated peppermint oil has any protective effects on some blood serum antioxidants, 

testosterone and tissue pathology, 30 male Swiss albino mice were divided into five equal groups. Group1 received no 
treatment and served as control , group 2 treated with carbon tetrachloride (CCl4) as a toxic sub-lethal drug, group 2 
treated with encapsulated peppermint oil, group 4 treated with gum Arabic the matrix carrier used for peppermint 
encapsulation and group 5 treated with both carbon tetra chloride and encapsulated peppermint oil. Blood samples and 
tissues were collected after scarifying animals. Sera were collected and underwent testosterone, gutathione reduced (GSH) 
and Malondialehyde (MDA) analysis. Results revealed that encapsulated peppermint oil alone has no androgenic effect but 
when CCl4 used either alone or with encapsulated peppermint oil, it significantly increased testosterone. Gum Arabic and 
encapsulated peppermint oil increased significantly GSH and MDA indicating oxidative stress which also confirmed in 
pathological sections of liver of mice treated with encapsulated peppermint oil but when encapsulated peppermint oil 
administered with CCl4 it decreased its toxic effects and decreased the oxidative stress too. It could be concluded that 
encapsulated peppermint oil has protective properties and nearly adverse the toxic effects of CCl4. 
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INTRODUCTION 
 
Encapsulation is a process where a continuous thin coating is formed around solid particles, liquid 

droplets, or even gas cells that are fully contained within the capsule wall [1]. Encapsulating any substance 
may have a potential application in different types of food or pharmaceutical products where maximum 
protection or slow release is required [2]. Flavors, acids, alkalis, buffers, lipids, enzymes, microorganisms, 
artificial sweeteners, vitamins, minerals, preservatives, antioxidants, cross-linking agents, leavening agents, 
colorants, and nutrients, all became more benefit when undergo encapsulation [3]. The advantage of 
encapsulation is to change the physical state from liquid to solid [4]. Encapsulation protects oil ingredients 
against auto-oxidation and off oxidation and off-flavor. As well as, micoencapsulation can protect fatty acids 
from light and heat damage, and suppress or retard their oxidation [5, 6]. 

 
Mentha piperita (Linn;peppermint) is a perennial, glabrous and strongly scented medicinal herb 

belonging to the Labiatae family (Lamiaceae) which has been shown to possess antioxidant, antimicrobial, 
antifungal, anti-carcinogenic and antiallergic activities [7,8]. The essential oil of mint may be exploited as a 
natural source of bioactive phytopchemicals bearing antimicrobial and antioxidant potentials [9]. Mentha 
Piperita [Peppermint] oil is composed primarily of menthol and menthone. Other possible constituents include 
pulegone, menthofuran, and limone.  Peppermint oil also contains various minerals, vitamin A, vitamin C, and 
fatty acids [10] Peppermint oil as a herbal medicine  have been used for many conditions, including loss of 
appetite, common cold, bronchitis, sinusitis, fever, nausea, vomiting and indigestion [11]. Arabic gum (Acacia 
gum) is a water soluble polysaccharide of complex calcium, magnesium and potassium salts, could be obtained 
by collecting Acacia Senegal tree exudates [12], and was used for encapsulating some vegetable oils [13], 
primaquine [14], and ampicillin [15]. 

 
Carbon tetrachloride (CCl4) is being used in research to induce liver injury [16]. CCl4 is assumed to 

initiate free radical-mediated lipid peroxidation, leading to the accumulation of lipid derived oxidation 
products and in turn liver injury and excess collagen deposition in the liver, resulting in liver fibrosis [17].   

 
The aim of this study was to evaluate the possible protective effect of encapsulated peppermint oil 

against induced hepatotoxicity of male mice. 
   

MATERIALS AND METHODS 
 
Preparation of encapsulated peppermint oil: 

 
Peppermint oil was obtained from Kato Aromatic Co., Giza [Egypt). Gum Arabic was obtained from 

PRS Panreac [Espania). Maltodextrin DE - 20 was obtained from the National CO., Maize Product Cairo [Egypt).  
 
Emulsion Preparation and Spray Drying:  

 
Solutions of 20% gum Arabic were prepared by dispersing the solids in deionized water and heating at 

60°C over a steam bath to facilitate solubilization. The solutions were allowed to cool to room temperature 
before storing at 40°C overnight. The peppermint oil (20% w/w) was added and homogenized vigorously 
(10000 rpm for 5 min.) with an Ultra Turrax M- 45 homogenizer at ambient temperature. The obtained 
emulsion was maintained under slow agitation during spray drying. The emulsion was spray dried in a BUCHI 
190 Spray Dryer with an evaporation rate of 1.5 kg /1 hour and a chamber diameter of 10 cm, equipped with a 
pressurized nozzle operating at 5 atmospheres. Feed is metered into the dryer by a peristaltic pump. Drying 
conditions performed using inlet temperature 200°C. Powder was collected at the bottom of dryer cyclone and 
kept in air tight containers at 80°C until analyzed as previously described an chemical composition of 
peppermint oil was also determined [18]. 
 
Animals and Experimental design: 

 
Thirty Swiss albino male mice of 25–30 g body weight and of five weeks age, obtained from the 

Animals House of the National Research Center, Egypt were used during this experiment. The animals were 
acclimatized one week prior to the experiments and were housed under standard conditions (i.e. at 22 ± 2°C; 
humidity: 50–55% and 12h/12h light/dark cycle), in polypropylene cages and fed with standard laboratory 
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chow pelleted diet and water ad labium. The standard balanced diet was consisted of casein 15 g/100g, starch 
43.7 g/100g, sucrose 21.8 g/100g, fat 15 g/100g, salt mixture 3.5 g/100g and vitamin mixture 1 g/100g, 
according to Varna et al., [19]. All the animal treatment was conducted in accordance with the guideline 
approved by Institutional Animal Ethics Committee. 
 

Animals were divided into five equal groups Animals of group 1 received no treatment and served as 
control. Animals of group 2 were administered carbon tetra cholride (CCl4) orally by gavages at dose of 2ml/Kg 
body weight (diluted 1:1 in olive oil) for three consecutive days to produce liver injury. Animals of group 3 
administered orally by gavages encapsulated peppermint oil at dose 1mg/kg body weight, this dose is equal to 
1/10 of LD50 (LD = 2490 mg/kg body weight) which was dissolved in 10 ml water daily for 10 consecutive days.  
Animals of group 4 were orally administrated encapsulated peppermint oil at the dose (1mg/kg body weight) 
for 10 days and CCl4 for the last 3 days before sacrificed. Mice of group 4 were administrated orally by gavages 
gum Arabic as a carrier at dose [1mg/kg body weight) for ten days. At the end of experiment, blood samples 
were collected from all groups and then sacrificed. Sera was harvested and kept at -20°C till hormonal 
assaying.   
 
Hormone assay and antioxidant analysis:  
 

Testosterone was analyzed using commercially available ELISA kits. Intra-assay and inter-assay 
coefficient of variations were 4.5 and 6.3%. The sensitivity of assay was 0.038 ng/ml. Reactive oxygen 
metabolites in terms of lipid peroxidation [20] and reduced glutathione [21] were measured in blood serum of 
all animals. Blood serum glutathione reduced GSH was determined by spectrophotometer     using    the    Bio-
diagnostic    kit [Cat number GR2511). Lipid peroxidation product (Malondialdehyde, MDA) was assayed by the 
measurement of MDA levels on the base of MDA reacted with  thiobarbituric  acid  and  resultant color read 
with  spectrophotometer  at 532nm using  commercially  supplied  kits (Bio-diagnostic, Kit number MD2529).  
Histopathological study: 

 
For histopathological studies, samples of liver tissues were cut and fixed in 10% formalin saline. After 

the fixation, the tissues were washed and processed by standard histology procedures and embedded in 
paraffin. Tissue sections were stained with haematoxylin and eosin [Hx&E) according to Drury and Wallington 
[22]. The stained slides were examined under a light microscope.   
 
Statistical Analysis:  

 
Analysis of variance [ANOVA) was processed using statistical package for social science (SPSS) 

software version16 [23] and data were presented as means ± S.E.M. [Standard error of mean) P ≤ 
0.05.Duncan’s Multiple Range test was used to differentiate between significant means. 
 

RESULTS 
 
It could be noticed from table (1) that there is significant increase (P<0.01) in testosterone 

concentrations in carbon tetrachloride (CCl4) treated rats (11.74±1.19) and carbon tetrachloride (CCl4) plus 
encapsulated peppermint treated group (16.15±2.20) compared to control (7.32±1.37), gum Arabic (7.47±1.23) 
and encapsulated peppermint (6.48±1.48) treated animals. Neither encapsulated peppermint nor gum 
influenced testosterone concentrations. Compared to control animals, CCl4 plus encapsulated peppermint 
treated animals had in significantly (P<0.0001) nearly similar GSH levels, but gum Arabic, CCl4 and peppermint 
treated animals had significantly high GSH (Table 1). 

 
Table (1): Blood serum concentrations of testosterone, glutathione reduced and lipid peroxide product 

malondialdehyde. 
 

Parameter Control Gum Arabic Mint oil CCl4 CCl4+Mint oil 

Testosterone** 7.32
a
±1.37 7.47

a
±1.23 6.48

a
±1.48 11.74

ab
±1.19 16.15

b
±2.20 

GSH*** 10.69
a
±0.93 31.39

b
±0.07 42.13

c
±7.59 24.19

b
±0.47 13.24

a
±1.64 

MDA* 18.18
a
±2.01 49.82

b
±19.14 46.31

b
±8.72 27.27

ab
±0.93 20.86

ab
±10.79 

Encapsulated peppermint oil (Mint oil),*P>0.05, **P<0.01, ***P<0.0001, Means with different superscripts are 
significantly different at p<0.05 
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MDA levels significantly increased in gum Arabic and peppermint treated animals compared to 
controls but insignificant (P=0.09) increase was observed in other groups compared to controls (Table 1).  
 
Histopathological results: 
 

The microscopic examination of control liver sections of mice showed normal architecture of liver 
lobules and hepatocytes arranged in cords radiating from the central vein and separated by blood sinusoids 
(Figure 1).  Meanwhile, no pathological change could be observed in liver treated with Arabic gum (Figure 2). 
Whereas, carbon tetrachloride revealed sever cellular degeneration in the form of vacuolar and fatty 
degeneration in liver tissue.  In addition, fibrosis and marked inflammatory cellular infiltration, dilatation and 
congestion of portal vessels, necrosis and karyolysis of some nuclei and loss of liver architecture were 
observed as shown in (Figure 3, 4). 

 

 
 

Figure (1): Micrograph of liver section of normal control mice showing normal architecture of liver lobule, CV central vein 
and blood sinusoids ( Hx&Ex200) 

 

 
 

Figure (2): Micrograph of liver section of mice treated with gum Arabic showing normal structure of liver tissues, 
hepatocytes nearly normal (Hx &E x200). 

 

 
 

Figure (3): Micrograph of liver section of mice treated with CCl4 showing sever damage of liver tissues, fibrosis and 
marked inflammatory cellular infiltration, congestion of central vein, (Hx&E x200). 
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Figure (4): High power of liver section of mice treated with CCl4 showing marked vacuolar degeneration (V), fatty 
degeneration (big arrow) of hepatocytes, sings of nuclear degeneration in the form of necrosis (1), karyolysis (small 

arrow) (Hx&E x400) . 

 
The liver of mice subjected to encapsulated peppermint oil showed minute cytoplasmic vacuoles and 

hypertrophied kupffer cells (Figure 5, 6). The administration of peppermint oil to mice treated with CCl4 
ameliorated the pathological changes of CCl4. No fatty degeneration, reduction of fibrous tissue, moderate 
cellular infiltration was observed (Figure 7, 8).  

 

 
 

Figure (5): Micrograph of liver section of mice treated with encapsulated peppermint oil showing that the liver tissues 
almost normal, however, mild infiltrative inflammatory cells and the kupffer cells are hypertrophied (Hx&E x200). 

 

 
 

Figure (6): Micrograph of liver section of mice treated with encapsulated peppermint oil showing  normal structure  of 
liver tissues, minute cytoplasmic vacuoles, mild cellular infiltration and  hypertrophied  of kupffer cell (Hx&E x400). 
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Figure (7): Micrograph of liver section of mice treated with CCl4 and encapsulated peppermint oil showing some 
improvement represented in  absence of fatty degeneration, no fibrous tissue, minute vacuolar degeneration, while, the 

hepatic tissue relatively normal around central area. (Hx&E x400) 
 

 
 

Figure (8): Micrograph of liver section of mice treated with CCl4 and encapsulated peppermint oil showing minimal 
fibrous tissue, mild diffusion of inflammatory cell infiltration in sinusoids and around portal area (Hx&E x400). 

 
DISCUSSION 

 
The slight insignificant decline of testosterone recorded in mice treated with encapsulated 

peppermint oil was also observed in rats treated with Mentha piperita labiatae and Mentha spicata labiatae 
herbal tea at doses of 20 g/L M. piperita tea, 20 g/L M. spicata tea, or 40 g/L M. spicata tea compared with 
control [24]. Moreover, M. piperita ontesticular tissue caused segmental maturation arrest in the seminiferous 
tubules; however, the effects of M. spicata extended from maturation arrest to diffuse germ cell aplasia in 
relation to the dose [24].  Both peppermint oil and tea [24] had the ability to decrease testosterone either 
directly by causing minute cytotoxicity to leydig cells inhibiting their secretions or indirectly by decreasing 
lutenizing hormone (LH) from the pituitary gland [24]. The significant increase of testosterone in mice treated 
with CCl4 not only related to its common hepatotoxic effects [25], but also the exposure to CCl4 has been 
reported to induce free radical generation in the testis and blood [26]. Gum Arabic had no influence on 
testosterone as it attained an anticancer activity to human hepatocellular carcinoma cells when conjugated 
with curcumin and this conjugate exhibited enhanced accumulation and toxicity in cells due to the targeting 
efficiency of the galactose groups present in gum Arabic [27]. 

 
Carbon tetrachloride (CCl4) is a potent hepatotoxin capable of causing experimental hepatic damage 

through the cytochrome P450-mediated activation to free radicals and reactive species, which in turn induce 
hepatocyte necrosis, inflammation and, subsequently, lead to liver fibrosis. Highly reactive radicals generated 
from CCl4, as trichloromethyl and trichloromethyl peroxyl affect the hepatocytes and cause structural and 
functional changes of their cellular membranes [28]. CCl4 is one of the most commonly used hepatotoxins in 
the experimental study of liver injury [29]. The present study demonstrated hepatotoxicity of CCl4 seems to be 
mediated by reactive metabolite trichloromethyl (CCl3) free radical [30]. These activated radical bind 
covalently with the macromolecules and induce peroxidative degeneration of membrane lipids of endoplasmic 
reticulum rich poly unsaturated fatty acids [25]. This leads to the formation of lipid peroxides, which in turn 
give products like malondialdehyde that cause damage to the membrane. CCl4 intoxication induced a severe 
centrilobular necrosis and loss of hepatic tissue, with mild inflammatory cell infiltration around the central vein 



  ISSN: 0975-8585 
 

May–June  2016  RJPBCS 7(3)  Page No. 701 

region and sinusoidal spaces leading to infiltration of inflammatory cells that contributed to hepatic oxidative 
stress and fibrogenesis [31]. This lipid peroxidative degeneration of biomembranes is one of the principal 
causes of hepatotoxicity of CCl4 [32]. The result of the present study demonstrated that CCl4 caused vacuolar 
and sever fatty degeneration, nuclear degeneration and cell necrosis of liver cells.   

 
The mechanism of this change may be produced by organelle injury at different subcellular foci, 

metabolic disorder, and deficiency of essential lipotropic factors or excessive mobilization of fat from extra 
hepatic [33]. The second phase of CCl4-induced hepatotoxicity involves the activation of Kupffer cells, which is 
accompanied by the production of pro-inflammatory mediators [34]. In the present results, sever 
inflammatory cellular infiltration, fibrous septa radiating from the portal tracts in CCl4 treated group was 
observed. Hepatic fibrosis is usually initiated by hepatocytes damage, leading to recruitment of inflammatory 
cells and platelets, activation of kupffer cells and subsequent release of cytokines and growth factors [35]. In 
rats, CCl4 significantly decreased of GSH level in liver tissue homogenates but a significant increase in lipid 
peroxidation of liver tissue homogenate [36]. 

 
Peppermint is one of the essential oils that was shown to have significant antioxidant activities, 

provide good defense against oxidative damage and associated health effects [37].  In vitro, peppermint oil has 
been reported to show anti-inflammatory, antimicrobial, and antifungal activities as well as strong antioxidant 
activity, and antiallergenic and antitumor actions [38,39]. In addition, M. piperita extract was reported to have 
free radical-scavenging activity [40]. Peppermint oil has an excellent safety profile with no known side effects 
or toxicity [41]. The minute hepato-cytotxisity represented by minute cytoplasmic vacuoles, mild cellular 
infiltration and hypertrophied of kupffer cell and the significant increase of GSH and MDA of the present study 
indicated that in acute oral studies peppermint oil was  reported to have minimally toxic [42]. In rats, short-
term and sub-chronic oral studies reported cyst like lesions in the cerebellum that were given doses 
of peppermint oil containing pulegone, pulegone alone, or large amounts of menthone [42].  

 
Histopathological evaluation of rats treated with the same dose of 20g/L M Mentha piperita Labiatae 

and Mentha spicata Labiatae tea and a 40g/L M Mentha spicata Labiatae revealed a mild to severe degree of 
hepatic damage when compared to the control group. In Mentha piperita Labiatae, there was only minimal 
hepatocytes degeneration. In Mentha spicata Labiatae (20g/L and 40g/L), there were granular or ballooning 
hepatocyte degeneration and necrosis, sinusoidal and central vein dilatation  and reported also  lipid 
peroxidation and hepatic damage occurs after M. piperita and M. spicata administration in rat liver and the 
damage seems to be dose dependent [43]. Contrary to the slight toxic effects of peppermint oil [42] and 
encapsulated peppermint oil of the present study, when administered to hepatotoxic induced animals it had a 
sort of protective effect represented by decreased concentrations of GSH and MDA to values nearly similar to 
control. The liver, which is rich in GSH, supplies this antioxidant to various extrahepatic tissues via a distinct 
GSH transport system [44]. GSH maintains the integrity of the liver when the organ is challenged by a wide 
variety of xenobiotics, ROS and toxic compounds [45]. The depletion of GSH resulting from increased 
utilization to scavenge lipid peroxides may shift the redox status towards oxidative stress. The GSH content in 
liver and lung tissues was significantly elevated suggesting a protective role of mint extract [40]. Compared to 
control rats, those received 20g/L M. spicata tea of drinking water had significantly increased GSH-Px activities 
and the TBARS level were significantly increased [43]. As well as, the extract of Mentha piperita leaves 
decreased the levels of lipoperoxides and increased sulfhydryl groups in liver showed strong scavenging 
activity in Swiss albino mice subjected to induced lung carcinogenicity and mutagenicity [40]. Moreover, a 
moderate protective effect of peppermint oil against the toxicity of CCl4 was also represented by relatively 
normal histological pattern of hepatocytes, few of them were still vacuolated, less inflammatory cell 
infiltration, fatty infiltration and fibrous tissue was diminished [46].  

 
These protective effects referred to antioxidant, antimicrobial, antifungal, anticarcinogenic and 

antiallergic activity of peppermint oil [46] which related to the dose of administration where free radical 
scavenger and oxidative damage inhibitory activities of high doses of peppermint oil but at lower doses, the oil 
was still toxic to the cells [9]. As well as some ingredients of the peppermint oil had proved to initiate toxic 
effects on high doses. Short-term and subchronic oral studies reported cyst-like lesions in the cerebellum in 
rats that were given doses of peppermint oil containing pulegone, pulegone alone, or large amounts (>200 
mg/kg/day) of menthone. With the limitation that the concentration of pulegone in these ingredients should 
not exceed 1%, it was concluded that Mentha piperita (peppermint) oil, Mentha piperita (peppermint) 
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extract, Mentha piperita (peppermint) leaves, Mentha piperita [peppermint) water are safe as used in 
cosmetic formulations [42]. Moreover, menthol could prevent liver damage induced by CCl4 [47].  

 
The minimal induced hepatotoxicity could be also referred to the carrier material used to encapsulate 

peppermint oil [Gum Arabic) since gum Arabic from Acacia seyal and Acacia senegal is a branched-chain 
polysaccharide which has strong antioxidant properties, and has been used to reduce the experimental toxicity 
[47]. In contrast to Ahmed et al. [47], gum Arabic treated rats had decreased liver malondialdehyde (MDA) but 
increased glutathione (GSH) when given in drinking water for 8 weeks in a dose of 15%. The absence of 
hepatotoxicity in mice treated with gum Arabic of this study may be explained by the protective effect of gum 
Arabic by modulating the expression of hepatic oxidative stress genes, and thus can improve antioxidant status 
[47].   
 

CONCLUSION 
 

 Encapsulated peppermint oil with gum Arabic as a carrier alone may have no protective effects but its 
protective effect became significant when administered to intoxicated animals. Encapsulated oil need to be 
subjected to further studies to determine the suitable protective and safe dose and the administration period 
as peppermint oil effects are dose dependant.  
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