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Abstract: The efficacy of methotrexate (MTX), a widely used cytotoxic chemotherapeutic agent, is often limited by 
severe tissue injury. Royal jelly has a number of physiological effects, such as anti-inflammatory, antitumor, anti-
allergic, and antioxidant activities on various cell types. Aim: The purpose of this study was to evaluate the 
protective effects of royal jelly on methotrexate induced cytotoxicity on rabbit submandibular salivary glands. 
Methods: Thirty male white New Zealand rabbits weighing between 1800 and 2200 g.  were divided equally into 
three groups. Group I (control group) was intraperitoneally injected by 1ml/kg dose of sterile 0.9% saline for 2 
weeks. Group II (Methotrexate group) received methotrexate injection. Group III (Methotrexate & Royal jelly group) 
was administrated royal jelly prior to methotrexate injection. Rabbits were sacrificed after 2 weeks of Methotrexate/ 
Royal jelly administration. The submandibular salivary glands were dissected out and prepared for histological and 
immunohistochemical examinations. Results: Light microscopic examination of Methotrexate group revealed 
deformity of the secretory portions with numerous intracellular vacuoles. Secretory cells revealed deeply stained 
atrophied nuclei. The excretory ducts appeared dilated with degenerated epithelial lining. Widening of the connective 
tissue septa was also detected. Some secretory cells were completely degenerated leaving large vacuoles. There were 
numerous dilated blood vessels engorged with red blood cells. While Royal jelly treated group revealed well defined 
serous acini having distinct outline and lined by pyramidal cells with rounded basophilic nuclei. Well formed striated 
ducts were also detected. Immunohistochemical examination of Methotrexate treated group showed significant 
increase in Fas positive immunoreactivity indicating apoptotic changes. While Royal jelly treated group revealed 
expression of Fas immunoreactivity that statistically having no significant difference with the control group. 
Conclusion: Administration of Royal jelly produced a protective effect against cytotoxic and apoptotic changes 
induced by Methotrexate treatment in rabbit submandibular salivary glands. 
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1. Introduction 

At the beginning of last century, the only 
treatment available for patients with solid tumors was 
surgery, associated with high morbidity and mortality. 
Over the past 40 years, chemotherapy resulted in a 
progressive improvement in survival rates of patients 
with malignant neoplasm (1).Chemotherapy is one of 
the most widely used interventions for treatment of 
cancer. Methotrexate (MTX), a structural analogue of 
folic acid, is widely preferred as a cytotoxic 
chemotherapeutic agent in the treatment of 
malignancies and some autoimmune diseases. While 
the cytotoxic effect of MTX is not selective for cancer 
cells, it also affects the normal tissues which have a 
high rate of proliferation, including the hematopoietic 
cells in the bone marrow and actively dividing cells of 
the intestinal mucosa (2). Thus, the efficacy of MTX is 
limited due to its toxic side effects. Studies revealed 

that the systemic oxidative stress is an important 
factors background of the MTX induced toxicity (3-6). 
MTX causes differential toxic effects on lipid 
peroxidation by significant reduction in glutathione 
(GSH) levels leads to a reduction of effectiveness of 
the antioxidant enzyme defense system, sensitizing the 
cells to reactive oxygen species (ROS). MTX may also 
depress nucleic acid metabolism (7). In biological 
structures, malondialdehyde (MDA) is considered to be 
the most significant indicator of membrane lipid 
peroxidation arising from the interaction of ROS with 
cellular membranes (7). The important enzymatic 
antioxidant defense mechanisms in the tissues are 
dismutation of superoxide (.O2-) to form hydrogen 
peroxide (H2O2) and O2 by superoxide dismutase 
(SOD), as well as the conversion of H2O2 to molecular 
O2 and H2O by catalase (CAT) or conversion of H2O v 
to H2O by glutathione peroxidase (GSH-Px). CAT and 
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GSH-Px are unique key enzymes scavenging 
hydroperoxides (7, 8). These antioxidants are electron 
donors and react with the free radicals to form 
harmless products such as water. Therefore, 
antioxidants protect against oxidative stress and 
prevent damage to cells (9). Some natural products, 
such as lycopen (10), grape seed extract (11), green tea 
(12), and caffeic acid phenethyl ester (13), are 
demonstrated to have a protective role against 
oxidative stress. Recently, royal jelly (RJ) has received 
particular attention because of studies that have 
reported that it is a highly efficient antioxidant and has 
free radical scavenging capacity (14, 15). Royal jelly is a 
secretion produced by the hypopharyngeal and 
mandibular glands of worker honeybees (Apis 
mellifera) (16). Royal jelly (RJ) is a food mixture that 
contains protein, glucose, lipid, vitamins, free amino 
acids and minerals (17).  RJ is widely used as a 
commercial medical product. Previous studies have 
shown that RJ has a number of physiological effects, 
such as anti-inflammatory (18), antitumor, anti-allergic 
(19), and antioxidant activities (20). Oral RJ application 
of 300 mg kg−1 day−1 increases the number of 
erythrocytes and their diameters; therefore, it could be 
used as a supportive antioxidant molecule in anemic 
patients (21). RJ peptides have a protective effect against 
lipid peroxidation caused by free radicals, both under 
in vivo and in vitro conditions (20). In addition, RJ has a 
protective effect against paracetamol induced liver 
damage in mice (22). Apoptosis (programmed cell 
death) is a gene-regulated event related to special 
morphological changes such as shrinkage of cell, 
chromatin condensation, and DNA damages (23). Fas is 
a member of the tumor necrosis factor. A family of 
transmembrane receptors involved in cell death 
signaling. It is a cell surface glycoprotein (about 36 KD 
molecular weight) that involved in mediation of 
apoptosis (programmed cell death). Fas has three 
cystein rich extracellular domains and an intracellular 
death domain essential for signaling. Ligation of Fas 
by either agonistic antibody or by its natural ligand 
transmits a death signal to the target cells potentially 
triggering apoptosis (24). Chemotherapeutic drugs had 
many side effects so protection against their 
cytotoxicity is necessary. Therefore, the aim of the 
present study was to investigate the protective effect of 
royal jelly in methotrexate-induced oxidative damages 
and apoptotic changes of rabbit submandibular salivary 
gland by histological and immunohistochemical 
methods. 
 
2. Material and Methods: 

The study included 30 healthy white New 
Zealand rabbits weighing between 1800 and 2200 g. 
During the study, the rabbits were supervised in a 15m2 
closed balcony system illuminated by a night lamp. 

Mean temperature was maintained at 22 ± 3 °C. 
Appropriate nutrition was provided; the main food 
sources were green vegetables, carrots, and tap water. 
Each animal that underwent surgery was anesthetized 
with 25 mg / kg IM ketamine hydrochloride (Ketalar®) 
and 5 mg / kg IM xylazine HCl (Alfazyne®, Alfasan 
International B.V. Woerden, Holland). Submandibular 
gland excision was achieved surgically. The 30 rabbits 
were divided into 3 groups, each containing 10 rabbits.  
Group І (Control group): 

The rabbits received a single intraperitoneal 
injection of isotonic saline.  
Group ΙΙ (Methotrexate treated group): 

The rabbits were intraperitoneally injected with 
15 mg/ Kg body weight day after day for two weeks. 
Group ΙΙI (Royal jelly and Methotrexate group): 

The rabbits were given Royal jelly at 300 mg /kg/ 
day via intraperitoneal injection for 15 days, before the 
intraperitoneal injection of 15 mg/Kg Methotrexate. 

The doses of RJ used in this study were selected 
in accordance with previous studies (25).  

At the end of the experimental period, bilateral 
submandibular gland excision was performed on 
rabbits under anesthesia. The submandibular salivary 
glands were fixed immediately in 10% calcium formol 
for 12 hours, washed by tap water, dehydrated in 
ascending grades of ethyl alcohol, cleared in xylol and 
embedded in paraffin wax. Then: 
Ι- Sections of 6-7 μm were obtained and mounted on 

clean glass slides and stained with Haematoxylin and 
Eosin stain for routine light microscopic 
examination. 

II-Sections of 4-5 μm thick were cut and mounted on 
poly-L-lysine coated glass slides and prepared for 
Fas immunohistochemical staining for detection of 
apoptotic changes in the submandibular salivary 
glands. 

Fas Immunohistochemical staining: 
Serial sections were cut and mounted on poly-L-

lysine coated glass slides. The slides were dried over 
night at room temperature. Then sections were 
deparaffinized and hydrated in descending grades of 
alcohols. The sections were treated with blocking 
reagent for 5 minutes and washed in phosphate buffer 
working solution (PBS) for 10 minutes. After pre-
incubation with 1% bovine serum albumin for 15 
minutes, two to three drops of Fas protein mouse 
primary antibody were applied to the sections for 1 
hour. Two to three drops of monoclonal mouse linking 
reagent were added to the slides then incubated for 30 
minutes. Slides were incubated over night at 28oC in a 
humidity chamber. Two to three drops of streptavidin 
enzyme were placed then several drops of the working 
color reagent (DAB) were placed. The slides were 
counterstained with Mayer, hematoxylin, passed 
through baths of 95% ethyl alcohol, absolute ethyl 
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alcohol and xylene respectively. Two drops of Canada 
balsam were placed on each slide and covers were 
mounted. 
The immunostained sections were examined using: 
a) Ordinary light microscope to assess the prevalence 

of Fas positive immunoreactivity in the 
submandibular salivary glands. 
b) Image analyzer computer system was used to 

assess the optical density of Fas positive cells and the 
intensity of the immunostaining. The image analysis 
was performed using a computer (software Leica 
Quin500) consisting of color video camera, color 
monitor, CBU of IBM personal computer connected 
to the microscope. The image analyzer was first 
calibrated automatically to convert the measurement 
units (pixels) produced by the image analyzer 
programinto actual micrometer units. The intensity of 
the reactions within the cells was measured by the 
optical density in 10 small measuring fields in each 
specimen using a magnification of 400.  

Statistical analysis: 
ANOVA-Test was used to compare the mean % 

values of Fas immunoreactivity between (control 
group), (methotrexate treated group) and (royal jelly 
and methotrexate treated group). A p-value (p< 0.0001) 
was considered significant. 
 
3. Results 
I-Light microscopic results: 
Group І (Control group): 

The Light microscopic examination of the rabbit 
submandibular salivary glands of control group showed 
regular structured acini and ducts in between. The acini 
were uniform in shape, having narrow lumen and lined 
by pyramidal secretory cells having rounded basophilic 
nuclei. The striated ducts were lined by one-layered 
cubic epithelium having central rounded nuclei. 
Connective tissue septae that divided the gland into 
lobes and lobules were also detected (Fig.1). 
Group ΙΙ (Methotrexate group): 

Histological examination of submandibular 
salivary glands of Methotrexate treated group showed 
sign of acini degeneration represented by disfigured 
lobular structure and loss of normal architecture 
(amalgamation) of the secretory portions (Fig. 2). 
Some of the secretory elements as well as ductal 
elements revealed complete degeneration and were 
completely missed leaving large vacuoles. The lining 
cells of the acini were indistinct and showed numerous 
intracellular vacuoles (Fig.3). The serous cells showed 
deeply stained atrophied nuclei. The nuclei of the 
acinar cells revealed different sizes and shape 
(polymorphism). Stagnation of secretory material in 
the striated and excretory ducts was revealed (Fig 4). 
There were large dilated blood vessels engorged with 
red blood cells (Fig 5). The excretory ducts appeared 

dilated with proliferation of the epithelial lining, 
surrounded by degenerated connective tissue (Fig 6). 
Widening of the connective tissue septa with increased 
fibrosis was also detected in some areas (Fig 7). 
Group ΙΙI (Methotrexate & Royal jelly group): 

Histological examination of the submandibular 
salivary glands of Royal jelly treated group revealed 
marked improvement in cells of acini as well as cells of 
striated ducts, the acini relatively preserved their shape. 
The numbers of vacuoles decreased and well formed 
striated ducts were also detected. The connective tissue 
septa appeared relatively much closer to that of the 
control (Figs 8 &9). 

 
II- Immunohistochemical results: 
Group І (Control group): 

Immunohistochemical examination of Fas protein 
in rabbit submandibular salivary glands of control 
group revealed negative Fas immunoreactivity in the 
secretory portions as well as in the duct cells and blood 
vessels (Fig. 10). 
Group ΙΙ (Methotrexate group): 

Immunohistochemical examination of Fas protein 
in rabbit submandibular salivary glands of 
methotrexate treated group showed intense Fas positive 
immunoreactivity in the secretory portions, excretory 
ducts and slightly positive immunoreactivity in striated 
ducts (Fig. 11).  
Group ΙΙI (Methotrexate & Royal jelly group): 

Immunohistochemical examination of Fas protein 
in rabbit submandibular salivary glands of Royal jelly 
treated group revealed slight Fas immunoreactivity in 
the secretory portions and duct system (Fig. 12). 

Statistical analysis using ANOVA - Test to 
compare between different groups revealed, a 
significant increase in the mean optical density of the 
immunoreactivity of Fas protein in methotrexate 
treated group compared with the control group. Royal 
jelly treated group showed no significant difference in 
mean optical density of the immunoreactivity of Fas 
protein compared with the control group, while it 
produced a significant decrease in the mean optical 
density of the immunoreactivity of Fas protein 
compared with methotrexate treated group (Table I & 
Histogram I). 
 
Table I: The difference in mean Fas optical density 
of different groups using ANOVA Test. 
Group Fas optical density 

M±SD F 
Value 

p 
Value 

I-Control group 44.86±2.24  
 

57.59 

 
 

<0.0001** 
II-Methotrexate group 63.94±4.04 
III-Methotrexate & Royal jelly group 47.09±2.62 

** High significant difference at (p<0.001).   M1 vs 
M2   P<0.0001 M1 vs M3   non-significant; 
M2 vs M3   P<0.0001 
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Fig 1: A photomicrograph of rabbit submandibular 
salivary gland of the Control group showing the normal 
architecture of salivary acini (S) and striated duct 
(arrow). (H & E Orig.mag. X 400). 

 
 

  
Fig 2: A photomicrograph of rabbit submandibular 
salivary gland of the Methotrexate treated group 
showing loss of normal architecture of salivary acini 
and disturbed lobular structure. (H & E Orig.mag. X 
100). 

 
 

    
Fig 3: A photomicrograph of rabbit submandibular 
salivary gland of the Methotrexate treated group 
showing degeneration of some secretory and ductal 
elements leaving large vacuoles.  (H & E Orig.mag. X 
400). 

 
 
 
 
 

 
 

 
Fig 4: A photomicrograph of rabbit submandibular 
salivary gland of the Methotrexate treated group 
showing stagnation of the secretion in the striated and 
excretory ducts (s), cytoplasmic vacuoles (v),  
congested blood vessel ( black arrow) and different 
size and shape of the nuclei (yellow arrow). (H & E 
Orig.mag. X 400). 
 

  
Fig 5: A photomicrograph of rabbit submandibular 
salivary gland of the Methotrexate treated group 
showing large dilated blood vessel engorged with red 
blood cells (H & E Orig.mag. X 400). 
 
 

 
Fig 6: A photomicrograph of rabbit submandibular 
salivary gland of the Methotrexate treated group 
showing large dilated excretory duct with proliferation 
of its epithelial lining. (H & E Orig.mag. X 200).  
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 Fig 7: A photomicrograph of rabbit submandibular 
salivary gland of the Methotrexate treated group 
showing widening of the connective tissue septa with 
increased fibrosis (CT). (H & E Orig.mag. X 400). 
 

 
Fig 8: A photomicrograph of rabbit submandibular 
salivary gland of the Royal jelly treated group showing 
relatively normal histology and architecture of salivary 
ducts and acini. (H & E Orig.mag. X 200). 
 
 

 
  Fig 9: A photomicrograph of rabbit submandibular 
salivary gland of the Royal jelly treated group showing 
well formed acini and duct lining with decreased 
number of vacuoles. (H & E Orig.mag. X 400). 

  
Fig.10: A photomicrograph of rabbit submandibular 
salivary glands of control group showing negative Fas 
immunoreactivity in the acinar cells, ductal cells and 
blood vessels. (Fas Orig.  mag.  X 400). 
 

 
Fig.11: A photomicrograph of rabbit submandibular 
salivary glands of Methotrexate treated group showing 
intense Fas positive immunoreactivity in both acinar 
cells (S), excretory ducts (Ex) and slightly positive in 
striated ducts (arrow) (Fas Orig.mag. X 400). 
 

  
Fig.12: A photomicrograph of rabbit submandibular 
salivary glands of Royal jelly treated group showing 
slight Fas immunoreactivity in the secretory portions 
and duct system (Fas Orig.mag. X 400). 
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Histogram I: Represents the difference in mean Fas 

optical density between different groups. 
 
4. Discussion 

Methotrexate (MTX), a folic acid antagonist, is 
widely used as a cytotoxic chemotherapeutic agent for 
several malignancies and various inflammatory 
diseases. However, the clinical uses of methotrexate 
have been limited due to its serious adverse effects, 
which include anaemia, neutropaenia, increase risk of 
bruising and nausea, that are likely to result in the 

generation of free radicals and lipid peroxidation (1,26)
. 

In the present study methotrexate injection had 
adversely affected the histological structure of the 
rabbit submandibular salivary glands, light microscopic 
examination revealed disfigurement, enlargement of 
the serous acini with abnormal architecture and 
indistinct cell boundaries. The enlargement of the acini 
might be due to dysfunction of the gland and disturbed 
salivary secretion leading to accumulation of the 
salivary secretion in the acini followed by its swelling 
and enlargement. The striated and excretory ducts 
showed dilatation with retaining secretion in their 
lumen. This finding might be attributed to failure of 
exocytosis as a result of glandular dysfunction. These 
histological changes in the duct system were in 
agreement with previous clinical findings. As the use 
of methotrexate for long term produced salivary gland 
dysfunction manifested as xerostomia (27).  This result 
coincides with previous study reported that 
methotrexate had the ability to inhibit protein synthesis 
through depletion of folate cofactor that led to defect in 
glandular secretion and failure of secretory activity of 
salivary gland, which may explain the cause of altered 
secretion and subsequent xerostomia with methotrexate 
treatment (28). The loss of gland architecture and 
dilation of ducts suggested the pathological effect of 
chemotherapy on myoepithelial cells embracing them 
with failure of expelling the secretion into the oral 
cavity, leading to xerostomia(29).  In addition, 
administration of methotrexate decreased the whole 
mouth and submandibular salivary Na and CL output 
with no change in K output which resulted from 
blocking of parasympathetic stimulation of the salivary 

glands that leads to defect in Na reabsorption in the 
duct cells (30). Some of acini were completely missed 
leaving large vacuoles. This might be due to fatty 
degeneration and aggregation of the lipid degenerative 
products into large droplets, which were dissolved 
during in the routine processing of the tissue leaving 
large empty vacuoles. Similar findings were detected in 
the small intestine of rats and related to generalized 
lipidosis induced by methotrexate administration(31). In 
the present study, Damaging of the salivary gland 
(acinar and ductal cell vacuolization and swelling, 
apoptosis in the acinar cells with pyknosis in the nuclei 
following methotrexate treatment could be due to 
several distinct molecular mechanisms; the most 
important might be related to the free radical damaging 
effect. These free radicals released during the 
intracellular metabolism of methotrexate, which 
interacts with the cell membrane, causing membrane 
lysis and release of major scavenger enzymes 
(glutathione based enzymes) such as (glucose-6-
phosphate dehydrognase and glutathione reductase) 
into the serum. This affects the physiological level of 
this antioxidant enzyme in serum and gives an 
indication of an adverse effect of methotrexate on 
cellular integrity(32, 33). This finding coincides with 
other studies on the liver cells, as methotrexate exerted 
hepatic toxicity, the mechanism by which MTX causes 
hepatotoxicity results from binding to the enzyme 
dihydrofolic reductase, thus preventing conversion of 
folic acid to its active form, folinic acid. This in turn 
blocks the synthesis of nucleic acids, certain amino 
acids and indirectly proteins. This might lead to 
damage of organelles and plasma membranes of 
hepatic parenchymal cells interfering with their 
function and allowing leakage of enzymes (34,35). 

Two major pathways are known to be responsible 
for chemotherapy-induced apoptosis, the death receptor 
pathway and mitochondrial pathway, respectively 
involving ligation of death receptor (e.g. Fas) by a 
ligand (e.g. Fas-L) (36) and release of cytochrome c 
from the mitochondria (37). In this study increased 
density of Fas expression has been 
immunohistochemically detected mainly in acinar and 
duct cells. Also the statistical analysis of Fas 
immunoreactivity showed a significant increase in the 
mean optical density of methotrexate treated group 
compared with the control group indicating   the 
apoptotic changes in the secretory cells as well as duct 
cells. These results emphasized the first pathway, that 
apoptosis caused by elevated expression of Fas. Royal 
jelly is a secretion product of the cephalic glands of 
nurse bees that has been used for centuries for its 
extraordinary properties and health effects. In current 
study, royal jelly administration according to the 
experimental design showed decreased number of 
vacuoles and significant improvement in cells of acini 



Journal of American Science 2012;8(11)                                                     http://www.jofamericanscience.org 

507 

 

and striated ducts, which were significantly altered by 
Methotrexate administration. Immunohistochemical 
examination of royal jelly treated group revealed no 
significant difference in Fas immunoreactivity 
compared with control group. This could be due to 
antiapoptotic, antioxidant, and the ability of RJ for 
scavenging the free radicals that resulted from the 
methotrexate treatment. Previous study revealed that 
RJ caused a significant recovery in antioxidant status 
of glutathione (GSH) and a significant inhibition of 
malondialdehyde (MDA) production(38). These findings 
were in agreement with another study on mice, where 
RJ has been found to protect tissue DNA against the 
oxidative damage. Studying the effect of the RJ diet on 
mice, it has been showed that after feeding RJ to mice 
for 16 weeks, the levels of 8- hydroxy-2-
deoxyguanosine (an oxidative stress marker) were 
significantly reduced in kidney DNA and serum and 
the average life span of mice life expectancy was 
increased through the mechanism of reduced oxidative 
damage (39).  Also, the protective effect of RJ which 
appeared in this investigation may be attributed to its 
constituents, such as free amino acids, proteins, sugars, 
fatty acids, minerals, and vitamins (40).    
 
5. Conclusions 

Methotrexate produced severe degenerative and 
apoptotic changes in rabbit submandibular salivary 
glands. Royal jelly produced protection against 
methotrexate induced cytotoxicity as well as anti 
apoptotic effect. Therefore, Royal jelly can be used as 
a protective natural product in cases of chemotherapy 
treatment, as it decreases its side effects on salivary 
glands.  
 
Recommendations 

RJ is a natural bee product with a great potential 
for use in medicine. RJ has numerous precious 
therapeutic properties used from ancient times until 
today. Some of its biological and therapeutic activities 
have been confirmed, but scientists have only begun to 
uncover the many health benefits of this amazing 
superfood and there are just a few solid evidences for 
those claims. On the other hand, the chemistry and 
bioactive compounds RJ are not sufficiently known. 
Further experimentation (in vitro, in animal research 
and on clinical trials) and validation would be needed 
to prove any useful benefit and action mechanism of 
native RJ and of isolated components as well. 
 
Conflict of Interests 

The author has no any commercial interest, 
financial interest, and/or other relationship with 
manufacturers of pharmaceuticals, laboratory supplies, 
and/or medical devices or with commercial providers 
of medically related services. 

Corresponding author: 
Elham Fathy 
Oral Biology Department, Faculty of Oral and Dental 
Medicine, Suez Canal University, Ismailia, Egypt 
Drelham_fathy@yahoo.com  
 
References: 
1.

 
Klareskog, L., Vander Heijde, D., de Jager, J. P., Gough, 

A., Kalden, J. and Sanda, M. 2004. Therapeutic effects of 
the combination of etanerceept and methotrexate 
compared with each treatment alone in patients with 
rheumatoid arthritis: Double blind randomized controlled 
trial. Lancet 363:675-681. 

2. Jahovic N, Sener G, Cevik H, Ersoy Y, Arbak S, Yegen 
BC. Amelioration of methotrexate - induced enteritis by 
melatonin in rats. Cell Biochem & Funct., 2004: 22;169-
78. 

3. Sener G, Eksioglu-Demiralp DE, Cetiner M. L-carnitine 
ameliorates methotrexate-induced oxidative organ injury 
and inhibits leukocyte death. Cell Biol Toxicol., 2006: 
22;47-60. 

4. Jahovic N, Cevik H, Sehirli OA, Yegen BC, Sener G. 
Melatonin prevents methotrexate-induced hepatorenal 
oxidative injury in rats. J Pineal Res., 2003: 34;282-7. 

5. Schiff ER, Sorrell MF, Maddrey WC. Schiff’s Diseases of 
the Liver. 10th ed. Philadelphia: Lippincott Williams and 
Wilkins, 2006:1005-6. 

6. Jaeschke H, Gores GJ, Cederbaum AI, Hinson JA, 
Pessayre D, Lemasters JJ. Mechanisms of hepatotoxicity. 
Toxicol Sci., 2002: 65;166-76. 

7. Kovacic P, Somanathan R. Unifying mechanism for eye 
toxicity: electron transfer, reactive oxygen species, 
antioxidant benefits, cell signaling and cell membranes. 
Cell Membr Free Radic Res., 2008: 2;56-69. 

8. Ozturk CI, Ozturk F, Gul M, Ates B, Cetin A. Protective 
effects of ascorbic acid on hepatotoxicity and oxidative 
stress caused by carbon tetrachloride in the liver of 
Wistar rats. Cell Biochem & Funct., 2009: 27;309-15. 

9. M. Valko, C. J. Rhodes, J. Moncol, M. Izakovic, and M. 
Mazur, “Free radicals, metals and antioxidants in 
oxidative stress induced cancer,” Chemico-Biological 
Interactions, vol. 160, no. 1, pp. 1–40, 2006. 

10.  A. Atessahin, S. Yilmaz, I. Karahan, A. O. Ceribasi, and 
A. Karaoglu, “Effects of  lycopene against cisplatin-
induced nephrotoxicity and oxidative stress in rats,” 
Toxicology, vol. 212, no. 2-3, pp.: 116–123, 2005. 

11. M. I. Yousef, A. A. Saad, and L. K. El-Shennawy, 
“Protective effect of grape seed proanthocyanidin extract 
against oxidative stress induced by cisplatin in rats,” 
Food and Chemical Toxicology, vol. 47, no.(6), pp.: 
1176–1183, 2009. 

12. K. Yapar, K. C﹐ avus﹐oˇglu, E. Oruc, and E. Yalc﹐in, 

“Protective effect of royal jelly and green tea extracts 
effect against cisplatin-induced  nephrotoxicity in mice: a 
comparative study,” Journal of Medicinal Food, vol. 12, 
no.(5): , pp. 1136–1142, 2009. 

13. M. Iraz, E. Ozerol, M. Gulec et al., “Protective effect of 
caffeic acid phenethyl ester (CAPE) administration on 
cisplatin induced oxidative damage to liver in rat,” Cell 
Biochemistry and Function, vol. 24, no.( 4): , pp. 357–
361, 2006. 



Journal of American Science 2012;8(11)                                                     http://www.jofamericanscience.org 

508 

 

14. M. Cemek, F. Aymelek, M. E. B‥ ‥uy ukokuroˆglu et 
al., “Protective potential of Royal Jelly against carbon 
tetrachloride induced toxicity and changes in the serum 
sialic acid levels,” Food and Chemical Toxicology, vol. 
48, no.(10): , pp. 2827–2832, 2010. 

15. S. Silici, O. Ekmekcioglu, M. Kanbur, and K. Deniz, 
“The protective effect of royal jelly against cisplatin 
induced renal oxidative stress in rats,” World Journal of 
Urology, vol. 29, no.(1): , pp. 127–132, 2010. 

16. Guo H, Saiga A, Sato M, Miyazawa I, Shibata M, 
Takahata Y et al. Royal jelly supplementation improves 
lipoprotein metabolism in humans. J Nutr Sci Vitaminol 
(Tokyo)  2007; 53: 345-8. 

17.  Y.Nakajima, K. Tsuruma, M. Shimazawa, S. Mishima, 
and H. Hara, “Comparison of bee products based on 
assays of antioxidant capacities,” BMC Complementary 
and Alternative Medicine, vol. 9, article no. 4, 2009. 

18. K. Kohno, I. Okamoto, O. Sano et al., “Royal jelly 
inhibits the production of proinflammatory cytokines by 
activated macrophages,” Bioscience, Biotechnology and 
Biochemistry, vol. 68, no. 1, pp. 138–145, 2004. 

19. H. Oka, Y. Emori, N. Kobayashi, Y. Hayashi, and K. 
Nomoto, “Suppression of allergic reactions by royal jelly 
in association with the restoration of macrophage 
function and the improvement of Th1/Th2 cell 
responses,” International Immunopharmacology, vol. 1, 
no. 3, pp. 521–532, 2001. 

20. Guo H, Ekusa A, Iwai K, Yonekura M, Takahata Y, 
Morimatsu F. Royal jelly peptides inhibit lipid 
peroxidation in vitro and in vivo. J Nutr Sci Vitaminol 
(Tokyo)  2008; 54: 191-5.  

21. Şimşek N, Karadeniz A, Bayraktaroğlu AG. Effects of L-
carnitine, royal jelly and pomegranate seed on peripheral 
blood cells in rats. Kafk as Univ Vet Fak Derg 2009; 15: 
63-9. 

22. M. Kanbur, G. Eraslan, L. Beyaz et al., “The effects of 
royal jelly on liver damage induced by paracetamol in 
mice,” Experimental and Toxicologic Pathology, vol. 61, 
no.(2): , pp. 123– 132, 2009.  

23. A. H. Wyllie, “Apoptosis: an overview,” British Medical 
Bulletin, vol. 53, no.(3): , pp. 451–465, 1997.  

24. Lee S, Shin M, Park W, Kim S, Kim H, Han J, et al. 
Alterations of Fas (Apo-1 \ CD95) gene in non small cell 
lung cancer. Oncogene.1999; 20 (25) 3754. 

25. Zamami Y, Takatori S, Goda M, Koyama T, Iwatani Y, 
Jin X et al. Royal jelly ameliorates insulin resistance in 
fructose drinking rats. Biol Pharm Bull 2008; 31: 2103-7. 

26. Bagchi, D., Garg, A. and Krohn, R. 2002. Protective 
effects of grape seed proanthocyanidins and selected 
antioxidants against TPA-induced hepatic and brain lipid 
peroxidation and DNA fragmentation and macrophage 
activation in mice. Gen Pharmacology 30:771-776. 

27. Jensen BJ, Pedersen MA, Reibel J, Nauntofte B.:  
Xerostomia and hypofunction of salivary glands in 
cancer therapy. Support Care Cancer 2003; 11: 207-25. 

28. Courts FJ and Mueller WA: Suppression of salivary IgA 
secretion by Methotrexate. J  Dent Res., 1983;  62:181, 
Abstract. No.162 (AADR). 

29. Cutler LS, Chaudhry AP and Motes M: Alkaline 
phosphatase activity associated with the nuclear pore in 
normal and neoplastic salivary gland tissue. J Histochem 
Cytochem., 1974; 22 (12): 1113-7.  

30. Dawes C. The effect of flow rate and duration of 
stimulation on concentrations of protein and the main 
electrolytes in human parotid saliva. Archs Oral Biol., 
1969; 14:277.  

31. Kolli V. K., P. Abraham, and S. Rabi, “Methotrexate-
induced nitrosative stress may play a critical role in small 
intestinal damage in the rat,” Archives of Toxicology, 
vol. 82, no. (10): , pp. 763–770, 2008. 

32. Solary E, Droin N, Bettaieb A, Corcosl D, Biotrel MT 
and Garriodo C. Positive and negative regulation of 
apoptotic pathways by cytotoxic agents in hematological 
malignancies leukemia.2000; 14: 1833-1849. 

33. Hsu PC, Hour TC, Liao YF, Hun YC, Chang WH, Kao 
MC, Tsay GJ, Hung HC, Liu GY: Increasing ornithine 
decarboxylase activity is another way of prolactin 
preventing methotrexate-induced apoptosis: Crosstalk 
between ODC and BCL -2. Apoptosis. 2006; 11(3) : 389-
99. 

34. Mardini, H. & Record, C. Detection assessment and 
monitoring of hepatic fibrosis: biochemistry or biopsy? 
Ann. Clin. Biochem., 42(6):441-7, 2005 

35. Hersh, E. M.; Wong, V. G.; Handerson, E.S. & Freireich, 
E. J. Hepatotoxic effects of methotrexate. Cancer, 
19(4):600-6, 1966. 

36. Friesen C, Fulda S, Debatin KM. Cytotoxic drugs and the 
CD95 pathway. Leukemia 1999;13:1854–8. 

37. Green DR, Kroemer G. The pathophysiology of 
mitochondrial cell death. Science 2004;305:626–9. 

38. Cavuşoğlu, K.; Yapar, K. and Yalçin, E. (2009): Royal 
jelly (honey bee) is a potential antioxidant against 
cadmium-induced genotoxicity and oxidative stress in 
albino mice. J Med Food, 12(6):1286-92. 

39. Hattori, N., Nomoto, H., Fukumitsu, H., Mishima, S., 
Furukawa, S., Royal jelly and its unique fatty acid, 10- 
hydroxy-trans-2-decenoic acid, promote neurogenesis by 
neural stem/progenitor cells in vitro, Biomed. Res., 2007, 
28(5), 261-6 

40.  Nakajima, Y.; Tsuruma, K.; Shimazawa, M.; Mishima, 
S. and Hara, H. (2009): Comparison of bee products 
based on assays of antioxidant capacities. BMC 
Complement Altern Med., 9:4. 

 

10/5/2012 


