
Introduction

Glucocorticosteroids (GCs) are steroid hormones pro-
duced by the adrenal cortex. Dexamethasone is one of the po-
tent synthetic glucocorticoids that has a long history of use in
veterinary and human medicine for the treatment of a wide
range of metabolic diseases and inflammatory disorders (An-
drews et al., 1991, Boers et al., 2003). Clinically, dexamethasone
is administered for the suppression of inflammation (Czock et
al., 2005; Schacke et al., 2002). Long term exposure to high
levels of GCs is associated with severe adverse effects and
metabolic derangements, including insulin resistance, glucose
intolerance (Schacke et al., 2002), hepatic steatosis, central ad-
iposity (Rockall et al., 2003), dyslipidaemia (Wajchenberg,
2000), osteoporosis, cardiovascular disease, Cushing’s syn-
drome, psychiatric disturbances and immunosuppression (Liu
et al., 2013). Other adverse effects of excessive use of dexam-
ethasone including delayed healing of wounds, retention of
salt and water in the body, hypertension, and excessive hairs

in different parts of the body such as the face, especially in fe-
males (Xue et al., 2014). Glucocorticosteroids stimulate the he-
patic glycogen deposition and gluconeogenesis. (Meuleman
and Katz, 1985). On the other hand, dexamethasone has a po-
tential for atherogenic effect, given that they cause dyslipi-
demia and hypertension in humans (Situnayake and Kitas,
1997; Boers et al., 2003) and some animals (Maxwell, 1994).
The main cause of these detrimental adverse effects is the
overproduction of reactive oxygen species (ROS) by dexam-
ethasone (Bjelaković et al., 2007; Feng and Tang, 2014).

In the last few decades, natural products have shown po-
tential therapeutic benefits, including antioxidant (Mohamed
and Safwat, 2016; Kandeil et al., 2018 a,b; Kandeil et al., 2019),
anti-inflammatory, anti-cancer, antimicrobial, and im-
munomodulatory effects. (Dattner, 2003; Huffman, 2003).
Therefore, they can be used as feed additives for replacement
of synthetic compounds in order to treat various diseases and
to avoid toxicity, high cost, or excessive residues in meat and
livestock products. Among the promising medicinal plants, the
fruits of the date palm (Phoenix dactylifera L-Areceae), which
is a valuable plant commonly consumed in various parts of
the world especially in Arabian countries (Cerezuela et al.,
2016). The fruit is called “tamr” in Arabic. The date was men-*Corresponding author: Eman T. Mohammed
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Dexamethasone-induced Metabolic Alterations in Rabbits
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Glucocorticoid therapy is limited by numerous metabolic adverse effects associated with long term ex-
posure to excess doses. Therefore, the present study aims to determine the possible protective effects
of date palm and/or Saccharomyces cerevisiae probiotics on dexamethasone-induced metabolic changes
in rabbits. 25 healthy male white New Zealand rabbits were grouped into group 1 (control), group 2 (2
mg/kg bw/day dexamethasone I/M), group 3 (0.5 g/kg/day date palm flesh+2 mg/kg bw/day dexam-
ethasone I/M), group 4 (1g/kg/day S. cerevisiae probiotic + 2 mg/kg bw/day dexamethasone I/M),
group 5 (date palm flesh + S. cerevisiae probiotic + dexamethasone at the aforementioned doses). Dex-
amethasone injection resulted in marked increases (p≤0.05) in hepatic MDA concentration and catalase
activity, as well as significant decreases in hepatic GSH concentration and body weight gain. The serum
levels of glucose, lipid profile (TG, cholesterol, VLDL, LDL/HDL risk ratio), and liver function biomarkers
(serum total proteins, albumin, ALT, ALP) showed significant variations (P≤0.05) between control and
dexamethasone treated group. The ameliorative effect of date palm fruit and/or probiotics (S. cerevisiae)
was markedly indicated by restoration of these tested parameters to near normalcy. Therefore, the co-
treatment with date or S. cerevisiae could be considered of great interest as potential feed additives for
reduction of the adverse metabolic effects induced by dexamethasone in rabbits.
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tioned more than any other fruits in Quran (Al-Farsi and Lee,
2008; Marwat et al., 2009). The date fruit has been used for
many years in folk medicine for treating cancer and several in-
fectious diseases (Tang et al., 2013). Date palm possesses sev-
eral highly beneficial properties such as antifungal, antiviral,
antioxidant, hepatoprotective and hypolidemic activities (Al-
Farsi and Lee, 2008). The dates, either fresh or dried, have high
sugar content, low fats and protein contents, as well as min-
erals, vitamins and antioxidants flavonoids, carotenoids, and
polyphenols (Vayalil, 2002; Anjum, 2012). Egyptian date palm
fruit extracts were previously analyzed by HPLC. The chro-
matograms for methanol and aqueous extract of date palm
fruit extract revealed higher concentrations of phenolic and
flavonoids including Ferulic acid, Chlorogenic acid, Caffeic
acid, p-Coumaric acid, Sinapic acid, Quercetin-3-O- glycoside,
Apigenin-c-glycoside, and Luteolin- 7- O-glycoside (Hussein
et al., 2015). The sugars are responsible for the sweet taste of
dates. The dates contain almost half of the amount of sugars
in the form of fructose, which is twice as sweet as glucose and
can induce a feeling of satiety (Ali et al., 2009). Dates contain
high levels of selenium, copper, potassium, and magnesium,
moderate concentrations of manganese, iron, phosphorus,
and calcium (Khan et al., 2008). Fresh dates contain higher
concentrations of vitamins (thiamin, riboflavin, niacin, ascorbic
acid, pyridoxine, and vitamin A) as compared to dry dates (Al-
Shahib and Marshall, 2003). Enzymes such as phytase, inver-
tase and peroxidase and other isolated chemical
constituencies including a-D gulcan, heteroxylan and galac-
tomannans have been isolated from dates, (Mahran et al.,
1976). The carotenoids (lutein followed by carotenes) and phe-
nolic compounds (flavonoids, anthocyanins and cinnamic
acid) can contribute to varying degrees of antioxidant and an-
timutagenic activity. The contribution of total phenolics to-
ward antioxidant activity in dates is greater than that of
ascorbic acid (Shivashankara et al., 2004). 

Probiotics and prebiotic feed additives in animals have po-
tential advantages because they are thought to promote in-
testinal health and may offer a replacement for current
intervention strategies that are not considered acceptable for
the production systems (Pan and Yu, 2013; Park et al., 2013).
Probiotics beneficially affect the host by improving survival
and implantation of live microbial dietary supplements in the
gastro intestinal flora, by selectively stimulating the growth or
activating the catabolism of one or a limited number of
health-promoting bacteria in the intestinal tract, and by im-
proving the gastrointestinal tract microbial balance, and im-
proving gastrointestinal barrier function (Nagpal et al., 2012).
Probiotics have been used as an alternative to antibiotics in
animals and humans; (Siriken et al., 2003). Saccharomyces cere-
visiae yeast can be widely used as a natural productivity stim-
ulator added to animals’ feed (Grela and Semeniuk, 2006). 

Saccharomyces cerevisiae and S. boulardii are clinically
proven yeasts being used as a human probiotic and has shown
to positively influence host’s health by antimicrobial effect, nu-
tritional effect, inactivation of bacterial toxins, quorum sensing,
trophic effects, immuno-modulatory effects, anti-inflamma-
tory effects, cell restitution and maintenance of epithelial bar-
rier integrity (Moslehi-Jenabian et al., 2010). Several previous
studies showed that members of Saccharomyces genus can
possess anti-bacterial and probiotic properties (Nayak, 2011). 

Previous studies showed that dexamethasone induces ox-
idative stress in rat (Feng and Tang, 2014). So increasing the
antioxidants levels could be a solution to achieve the reduc-
tion of oxidative stress and other side effects resulted from
dexamethasone administration. Date palm and/or Saccha-
romyces cerevisiae probiotics were used in the current study
to evaluate the possible protective effects on dexamethasone-
induced metabolic changes and liver dysfunction in rabbits.

Materials and methods

Diet

The standard normal rabbit chow was obtained from AL-
Dakahlia Factory for feed manufacture, AL-Dakahlia city, Egypt.
The ingredients of the diet include clover hay, wheat bran, bar-
ley grain, soybean meal, molasses, limestone, sodium chloride,
vitamins, and mineral premix. The chemical analysis of the
standard normal chow diet is not less than 16.72% crude pro-
tein, about 13.07% crude fiber, and digestible energy 24%.

Date palm fruit

Dry Egyptian date palm fruits were collected from local
markets at Beni-Suef city, Egypt. The dates were identified by
the Botany Department, Faculty of Sciences, Beni-Suef Univer-
sity, Egypt. 

Chemicals

Dexamethasone (Epidron®) was obtained from Epico
Company, Egypt. Probiotic (Levucell SB®) was obtained from
Brookside Agra-USA, Company. Triglycerides, cholesterol,
HDL-Cholesterol, glucose, reduced glutathione (GSH), malon-
dialdehyde (MDA) and catalase commercial kits were pur-
chased from Biodiagnostic Company for research kits, Egypt.
Albumin and alanine aminotransaminase (ALT) commercial
kits were purchased from Spinreact Company, Spain. Total pro-
teins and alkaline phosphatase (ALP) kits were purchased from
Human commercial kits for research kits, Egypt. The other
chemicals used in the experiment are of high grade and have
been obtained from Sigma, USA.

Animals and grouping

A total of 25 healthy male white New Zealand rabbits at
the age of 30 days and body weight ranged from 500-600
grams were obtained from the private commercial project for
rabbit industry at AL-Dakahlia Governorate, Egypt. The rabbits
were housed in individual stainless-steel cages at 23±2 ºC, hu-
midity of 50±10%, with 12 hours light-dark cycle. The rabbits
were fed on formulated ration with free access to feed and
water throughout the study. Rabbits were acclimated for 2
weeks before starting the experiment. All experimental meas-
ures were performed according to the instructions for the care
and use of laboratory animals and in accordance with the local
Animal Care and Use Committee at Beni-Suef University.

Rabbits were equally divided into 5 groups (each includes
5 rabbits) as follows:
Group1 (control group): Rabbits were received no treatment. 
Group 2: Rabbits were injected intramuscularly with dexam-
ethasone (Epidron ®) 2mg/kg body weight (Jeklova et al.,
2007) daily, for one month.
Group 3: The flesh of date palm was manually separated from
the pits and was given to rabbits at a dose of 0.5 g/kg body
weight daily orally along with I/M injection of dexamethasone
for one month.
Group 4: S. cerevisiae probiotic were mixed with ration as 1g/
kg ration (Shehu et al., 2013), concomitant with I/M injection
of dexamethasone daily for one month.
Group 5: Rabbits were fed ration mixed with Saccharomyces
cerevisiae probiotic and date palm flesh concomitant with I/M
injection of dexamethasone daily for one month.

Blood sampling and tissue preparation

24 hours following the last dose, the blood samples were
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collected from the marginal ear vein of each rabbit at 10 hours
fasting state. Blood samples were left at room temperature for
20 minutes to clot, then centrifuged at 3000 rpm for 15 min-
utes for serum separation. The sera were monitored for fasting
glucose, lipid profile and liver function biomarkers. All rabbits
were slaughtered; liver tissues were excised after dissection of
the animals then weighed. Liver homogenate was obtained by
homogenizing one gram tissue in 10 ml cold phosphate buffer
(pH: 7) using homogenizer (Teflon Homogenizer, India) then
centrifuged at 20000×g for 15 min at 4ºC. The supernatants
were kept at-20ºC until biochemical analysis of GSH, MDA,
and catalase.

Coefficient weights of liver

Body weight was recorded before sacrificing of all animals.
After weighing the body and liver, the coefficients of liver to
body weight were measured by the ratio of organ weight (mg)
to animal body weight (g). 

Biochemical analysis

Glutathione (GSH) and malondialdehyde (MDA) levels, and
catalase activity in liver homogenate were measured accord-
ing to Beutler et al. (1963), Satoh (1978) and Aebi (1984) re-
spectively. The serum was used for the estimation of total
proteins by following the Biuret method (Henry, 1964) and al-
bumin by following the bromocresol green method (Doumas
and Biggs, 1972), Alanine transaminase (ALT), (Reitman and
Frankel, 1957), alkaline phosphatase (ALP) (Tietz et al., 1983),
triglycerides (Fassati and Prencipe 1982), cholesterol (Allain et
al., 1974), HDL-Cholesterol (Kostener, 1977) and glucose
(Trinder, 1969). Serum globulins levels were calculated by sub-
traction of albumin from total serum proteins, A/G ratio was
calculated by dividing albumin concentration on globulins
concentration (Noverraz, 1953). VLDL-cholesterol was calcu-
lated as TG/5 while LDL-cholesterol was calculated by the for-
mula [LDL-c = total cholesterol-(HDL-c+VLDL-c)] according to
Friedewald (1972) and Fruchart (1982). Risk ratio was calcu-
lated by the equation (LDL-c/HDL-c) described by Lemieux et
al. (2001).

All chemical reactions were measured by using Hitachi
spectrophotometry, Model U – 2000 (Hitachi L td. Tokyo,
Japan).

Statistical analysis

Preliminary statistical analysis was carried out using
GraphPad InStat software (version 3, ISS-Rome, Italy). Unless
differentially specified, groups of data were compared with
unpaired T. test and one-way analysis of variant (ANOVA) fol-
lowed by Tukey-Kramer (TK) multiple Comparison post-test.
The data as clearly indicated are reported in tables and figures
as mean ± standard error (SEM).SE. Values of P ≤ 0.05 were
regarded as significant.

Results

Changes in body weight gain % and liver coefficient in different
treated groups

Body weight gain % significantly decreased (P < 0.05) in
group 2 compared with the control group (Fig. 1). To some ex-
tent, the co-treatment with date palm fruit and/or probiotics
could modulate such decrease of body weight gain % but still
lower than normal levels. The combination of date palm with
S. cerevisiae probiotic exerted a better effect than the use of
each alone. Although, an increase in the liver coefficient was

observed in all treated groups compared with the control
group but it was non-significant.

Fig. 1. Changes in body weight gain and liver coefficient in different
treated groups.
Values are represented as mean ± SEM. (n = 5). Bars show the mean
and SEM.  Different superscript letters (a, b,c) mean a significant dif-
ference at (P <0.05) among different groups in the same column.

Changes in the antioxidant status in liver of different treated
groups

Dexamethasone administration significantly (P < 0.05) in-
creased MDA concentration and catalase activity but signifi-
cantly decreased GSH concentration in liver of group 2
compared with the control group (Fig. 2, 3). These parameters
significantly attenuated in groups 3, 4 and 5, when compared
with group 2. The results reflect an ameliorative effect of both
date palm and/or S. cerevisiae probiotic on dexamethasone-
induced oxidative stress.

Changes in the serum liver function biomarkers in different
treated groups

The data in a Table 1, showed significant decreases in total
proteins, albumin concentrations, ALT, and ALP activities in
group 2 when compared with the control. On the other hand,
the co-treatment with additives (date palm and /or S. cere-
visiae) parallel with dexamethasone administration showed an
ameliorative effect as the values significantly returned to con-
trol. Globulins concentration and A/G ratio showed non-sig-
nificant variations among treated groups (Table 1). 

Changes in serum glucose concentrations in different treated
groups

There were significant increases in serum concentrations
of glucose in Dexamethasone treated group in comparison
with the control group, while the co-treatment with additives
(date palm and /or S. cerevisiae) parallel with dexamethasone
administration showed an ameliorative impact as the concen-
trations of glucose returned nearly to control (Fig. 4).
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Fig. 2. Changes in MDA and GSH concentrations in liver of different
treated groups. 
Values are represented as mean ± SEM. (n = 5). Bars show the mean
and SEM.  Different superscript letters (a, b) mean a significant differ-
ence at (P <0.05) among different groups in the same column.

Fig. 3. Changes in catalase activity in liver of different treated groups. 
Values are represented as mean ± SEM. (n = 5). Bars show the mean
and SEM.  Different superscript letters (a, b,c) mean a significant dif-
ference at (P <0.05) among different groups in the same column.

Fig. 4. Changes in serum glucose concentrations in different treated
groups. 
Values are represented as mean ± SEM. (n = 5). Bars show the mean
and SEM.  Different superscript letters (a, b) mean a significant differ-
ence at (P <0.05) among different groups in the same column.

Changes in serum lipid profile and risk ratio in different treated
groups

The levels of TG, VLDL, TC and LDL/HDL risk ratio showed
significant (p<0.05) increases in serum of dexamethasone
treated group as compared with control. In contrast, HDL lev-
els showed an insignificant decrease, while LDL levels showed
an insignificant increase in serum of dexamethasone treated
group when compared with the control one (Table 2). On the
other hand, the co-treatment with additives (date palm and
/or S. cerevisiae) parallel with dexamethasone administration
showed an ameliorative effect by the restoration of the values
to the near normalcy. However, the degree of improvement
was markedly higher in groups 4 and 5, than group 2 reflect-
ing the more hypolipidemic effect of S. cerevisiae probiotics
over date palm fruits.

Discussion

Rabbits have been used in the present study as an exper-
imental model for mammals (Jeklova et al., 2008; Randhawa,
2008). Also, the present study was conducted by using pro-
longed administration of dexamethasone sodium phosphate
to induce unwanted side effects on the organ system and
metabolic reactions.

In the current study, body weight gain % significantly de-
creased while liver coefficient slightly increased in dexametha-
sone group compared with the control group (Fig. 1). To some
extent, date palm and/or S. cerevisiae probiotics could modu-
late such decrease in body weight gain values to near normal
levels (Fig. 1). It is remarkable that the treatment with both
dates and probiotics together with dexamethasone in group

Total proteins Albumin Globulins
A/G Ratio

ALT ALP 

(g/dl) (g/dl) (g/dl) (U/L) (U/L)

Group 1(Control) 7.74±0.52a 4.41±0.39a 3.33±0.23a 1.34±0.11a 10.25±1.07a 121.7±11.53a

Group 2 5.58± 0.25b 2.79±0.24b 2.79 ±0.25a 1.05±0.17a 19.56±1.71b 183.3±13.02b

Group 3 7.93±0.45a 4.83±0.23a 3.10 ±0.41a 1.67±0.23a 10.19±0.91a 133.2±9.93a

Group 4 7.95±0.22a 4.78±0.24a 3.17±0.30a 1.60±0.25a 9.88±0.55a 128.7±12.03a

Group 5 7.80±0.42a 4.68±0.29a 3.13±0.19a 1.51±0.10a 10.91±0.19a 100.1± 4.77a

Table 1. Changes in serum liver function tests in different treated groups.

Values are represented as mean ± SEM. (n = 5). Different superscript letters (a, b) mean a significant difference at (P <0.05) among different groups in the same
column. A/G Ratio: Albumin/ Globulins Ratio, ALT: Alanine aminotransferase, ALP: Alkaline phosphatase
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5 had a better effect than the use of either treatment alone.
The obtained results come in agreement with Bennett and
Brown (2003), Amar et al. (2013) and Debangadas et al. (2017)
who reported that dexamethasone markedly decreased the
body weight and protein anabolism, and with Klymenko and
Kozyrieva (2002); Jeklova et al. (2008) and Al-Sa'aidi et al.
(2012) who recorded a significant increase in the liver and kid-
ney weights of rabbits treated with dexamethasone. The re-
duction in the body weight gain of rabbits detected in this
study was attributed to the increased leptin production (Mu-
rakami et al., 1995; Miell et al., 1996; Reul et al., 1997) and the
excessive lipolysis (Rebuffé-Scrive et al., 1988) induced by ad-
ministration of high catabolic dose of dexamethasone
(2mg/kg). The slight increment in liver weight coefficient could
be attributed to a rapid mobilization of depot fat with the up-
take of free FA to the liver and its deposition in the form of
triglycerides in response to glucocorticoids (Mahendran and
Shyamala Devi, 2001; Schwarz et al., 2003).

Date palm and probiotic treatment lead to the increment
in nutritional value and antioxidant status of animals that in
turn improves their growth performance, production, and re-
production (Wu et al., 2013). Yeast-derived polysaccharides
such as beta-glucans and mannans have been considered as
potential growth and health promoters for modern livestock
and poultry production (Shashidhara and Devegowda, 2003;
Volman et al., 2008) and growth promoter for intestinal mi-
croflora (Spring et al., 2000). These results also were confirmed
by the findings of several researches as Zhang et al. (2005),
Paryad and Mahmoudi (2008). The improvement in the body
weight of birds fed S. cerevisiae could be attributed to its direct
nutritional effect (Patterson and Burkholder, 2003) and its fer-
mentation products. S. cerevisiae is a naturally rich source of
proteins, minerals and B-complex vitamins (Huff et al., 2007).  

The generation of ROS and oxidative injury is thought to
play a significant role in many of the observed adverse effects
of dexamethasone (Bjelaković et al., 2007; Feng and Tang,
2014). Liver is a major target organ for GCs metabolic reac-
tions and is considered the main organ generating ROS in dif-
ferent pathological conditions (Socha et al., 1992). Our data
showed a significant increase in MDA concentration and cata-
lase activity and a significant decrease of GSH concentration
in liver homogenates obtained from dexamethasone treated
rats compared with the control (Fig. 2, 3). In accordance with
our findings, Bjelaković et al. (2007) found that dexametha-
sone treatment leads to oxidative damage that affects the bi-
ological structures. Grubinko et al. (2001) recorded that
cortisol and its derivatives induce oxidative reactions such as
damaging DNA, activating lipid peroxidation, and decreasing
the antioxidant defense. It is worth mentioning that, the in-
creased activity of catalase in liver might be due to a compen-
satory response to oxidative stress. The obtained results
showed an ameliorative effect of both date palm and S. cere-
visiae on oxidative stress caused by dexamethasone where the

values returned to normal control levels (Figs. 2, 3). Such effect
may be attributed to the antioxidant effect of p-coumaric acid,
ferulic acid, flavonoids, and procyanidins in date palm. Similar
results were reported by Vayalil (2002); Orabi and Shawky
(2014) and El-Far et al. (2016). Saccharomyces cerevisiae has
been reported with strong antioxidant activity, reducing
power, nitric oxide and hydroxyl radical scavenging activity,
metal ion chelating activity (Hassan, 2011; Fakruddin et al.,
2017).Tests of the biosynthetic function of the liver include
serum total proteins, albumin and globulins, which are syn-
thesized in the liver and transported into the circulation
(Doweiko and Nompleggi, 1991). Hepatic injury can be eval-
uated by determining the concentrations of some serum spe-
cific indicators, which are associated with hepatocellular
necrosis (ALT and AST), cholestasis (ALP) and altered excretion
(Bilirubin) (Wolf, 1999). 

Results in a Table 1, showed a significant decrease in both
serum total proteins and albuminconcentration and a signifi-
cant increase in both serum ALT and ALP activities in dexam-
ethasone treated group in comparison with the control group.
Serum globulins concentration and albumin/ globulins ratio
were non- significantly changed in all treated groups. Results
from the present study are in accordance with the findings of
Abd Elazem and Abo-Kora (2015). Moreover, some hepatic le-
sions were reported after dexamethasone administration in-
cluding cytoplasmic fatty vacuolation and necrosis of the
hepatocytes (Amar et al., 2013) and obstruction of bile flow
that results in the development of oxidant injury, liver fibrosis,
biliary cirrhosis and portal hypertension (Eken et al., 2006).
These present findings indicated hepatocytes damage in-
duced by dexamethasone that in turn alters the protein syn-
thetic function and membrane permeability as well as leakage
of intracellular ALT and ALP enzymes from the damaged liver
cells. Additionally, increased ALP has been linked with lack of
bile flow and increased serum cholesterol level (Oyetayo et al.,
2003), which was detected in the present study.

The co-treatment with additives (dates palm and /or S.
cerevisiae) parallel with dexamethasone administration
showed an ameliorative effect as the values nearly return to
the control levels (Table 1). In accordance with the current re-
sults, Al- Qarawi et al. (2004) found that aqueous extracts of
flesh and pits of dates caused a significant reduction in liver
enzymes and elevation in serum albumin in CCl4-induced he-
patotoxicity rat model. Usama et al. (2009) reported the same
findings in CCl4 hepatotoxic rabbits treated with Siwa date
palm extract. Date palm has been known for a lot of beneficial
properties such as antioxidant and hepatoprotective activities
(Wan Ismail and Mohd Radzi, 2013). This hepatoprotective ef-
fect for palm date extracts could be attributed to its antioxi-
dant contents. Mansouri et al. (2005) analyzed the phenolic
profile of seven Algerian varieties of date and detected the ex-
istence of high concentrations of p-coumaric, ferulic and
sinapic acids, and some cinnamic acid derivatives. Also, Hong

Table 2. Changes of serum lipid profiles and Risk ratio in different groups.

TG VLDL Tc LDL HDL Risk ratio
(mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (LDL/HDL)

Group 1(Control) 79.11±5.05a 15.82±1.01a 83.78±3.39a 56.38±3.81ab 11.57±0.77a 7.32±0.43a

Group 2 171.2±16.84b 34.23±3.37b 109.2±7.19bc 65.97±4.21a 9.04±0.26a 12.12±0.84b

Group 3 135.6±17.36bc 27.11±3.47b 97.08±3.66ac 58.77±2.34ab 11.2±1.07a 9.16±0.44a

Group 4 120.8±8.05ab 24.16±1.61ab 87.23±3.12a 51.53±2.98b 11.54±0.47a 7.61±0.39a

Group 5 107.2±12.72ac 21.44±2.54ab 85.3±5.97a 52.12±3.03ab 11.74±1.11a 7.60±0.33a

Values are represented as mean ± SEM. (n = 5). Different superscript letters (a, b,c) mean a significant difference at (P <0.05) among different groups in the same
column. TG: Triacylglycerols, TC: Total cholesterol, VLDL: Very Low Density lipoprotein, LDL: Low Density lipoprotein, HDL: High Density lipoprotein, 
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et al. (2006) indicated the presence of quercetin and luteolin
in mature Deglet Noor dates. The ameliorative effect of pro-
biotics on liver functions was previously indicated in several
reports. In this context, S. cerevisiae-supplemented diets could
markedly increase serum total proteins and albumin concen-
trations in Lambs (Wójcik, 2010) and in ewes under low nutri-
tion condition (Aly et al. 2013). S. cerevisiae showed similar
activities of ALT and ALP in both treated and control group
mice (Fakruddin et al., 2017). Lai et al. (2009) and Sener et al.
(2006) all reported that a fermentative product and also β-glu-
can that were derived from S. cerevisiae recovered the liver
damage in rats by the restoration of AST and ALT activities to-
ward the normal. In contrast, the addition of S. cerevisiae sig-
nificantly increased the activities of serum ALT and ALP
(Mannaa et al., 2005).

Figure 4, showed a significant increase in glucose level in
dexamethasone treated group compared with the control
group. In the present study, the metabolic disorders caused
by dexamethasone was in agreement with Pagana and Pagana
(2010) and Amar et al. (2013). Glucocorticoids in excess di-
rectly inhibit the insulin signaling pathway and the transloca-
tion of glucose transporter GLUT4 away from the plasma
membrane into the cell, thereby decreasing glucose uptake
and utilization in muscles and inhibits glycogen synthesis (We-
instein et al., 1998) with subsequent higher plasma glucose
levels (Mazziotti et al., 2011). As a consequence, glucagon se-
cretion, lipolysis, proteolysis and hepatic glucose production
increased (Das et al., 2017). Glucocorticoids induce hepatic in-
sulin resistance by stimulating hepatic gluconeogenesis via
up-regulation of gene transcription of phosphoenolpyruvate
carboxykinase, glucose-6- phosphatase and tyrosine amino-
transferase (Hanson and Reshef, 1997; Reichardt and Schutz,
1998).

The co-treatment with additives (Date palm and /or S.
cerevisiae) parallel with dexamethasoneadministration showed
an ameliorative impact as the concentrations of glucose return
nearly to control (Fig. 4). This result was in agreement with
Zangiabadi et al. (2011) and Hussein et al. (2015) who proved
that date fruit extracts decreased the fasting blood glucose
levels and prevent diabetes risks in diabetic rats. Similarly, the
date seed extract also decreased blood glucose in male dia-
betic rats (Mokhtari et al., 2008). On the other hand, treatment
with S. cerevisiae reduced blood glucose and triglycerides in
agreement with Silva et al. (2015) and Andrade et al. (2016).
The glycemic control of S. cerevisiae could be mediated by dif-
ferent mechanisms. Beta-glucan fibers, derived from the yeast
cell wall, probably form a gelatinous layer in the intestinal
lumen and delay the absorption of carbohydrates and lipids
by enterocytes (Choi et al., 2010; Silva et al., 2015). Another
possible mechanism is mediated by the activation of PI3K/Akt
signal pathway by beta-glucans to reduce blood glucose level
(Chen and Seviour, 2007). 

The altered adipose tissue metabolism by glucocorticoids
may contribute to insulin resistance and altered insulin secre-
tion associated with a higher risk of type 2 diabetes (Fardet et
al., 2013). Dyslipidemia is considered a risk factor for cardio-
vascular disorders. The accumulation of triglycerides in the
myocardium may be one of the underlying mechanisms for
the development of cardiac steatosis (McGavock et al., 2007),
and hypercoagulation (Trementino et al., 2010). Moreover, the
direct effects of glucocorticoids on the heart are due to the
expression of receptors in cardiomyocytes (Ren et al., 2012).
The mechanism underlying glucocorticoid-induced dyslipi-
demia involves the induction of lipolysis in adipose tissue
through the activation of hormone-sensitive lipase and an in-
creased catecholamine response (Slavin et al., 1994), as well
as the increased VLDL production and the decreased fatty acid
B-oxidation (Dolinsky et al., 2004). The excessive lipolysis with

the delivery of free FA to the liver will drive the hepatic de
novo lipogenesis (Schwarz et al., 2003).

The results in a Table 2, showed the lipid profile in which
significant increases in triglycerides, total cholesterol, and
VLDL levels were detected. An insignificant increase in LDL lev-
els and an insignificant decrease in HDL levels were also ob-
served in dexamethasone treated group compared with the
control one. Results from this study, come in agreement with
Mahendran and Shyamala Devi (2001), Amar et al., (2013) and
Arab Dolatabadi and Mahboubi (2015). In the current study,
the increases in triglyceride, total cholesterol, VLDL, and LDL
circulating levels and a decrease in HDL cholesterol levels are
the major metabolic disturbances resulted from excess GCs.
Hypertriglyceridemia may result from enhanced hepatic lipo-
genesis via upregulation of both acetyl-CoA carboxylase and
fatty acid synthase (Zhao et al., 2010) with increased hepatic
synthesis of VLDL (Dolinsky et al., 2004) and reduced periph-
eral clearance due to reduced activity of lipoprotein lipase
after dexamethasone administration (Mahendran and Shya-
mala Devi (2001). The hypercholesterolemic effect of dexam-
ethasone might be attributed to the activation of cholesterol
biosynthesis via activation of 3-hydroxy-3-methylglutaryl
coenzyme A reductase (Kobashigawa and Kasiske, 1997), and
the decreased activity of lecithin: cholesterol acyltransferase,
an enzyme which plays a key role in incorporating the free
cholesterol into HDL which is then catabolized in liver (Ma-
hendran and Shyamala Devi, 2001). Furthermore, the
down-regulation of LDL receptor, and lipoprotein lipase activ-
ities are the main reasons for the elevation of total cholesterol,
LDL, and VLDL levels (Kobashigawa and Kasiske, 1997). A sig-
nificant increase in the serum LDL/HDL cholesterol mean ratio
was observed in dexamethasone treated rats (Table 2) indicat-
ing the high risk of cardiovascular disease (Karthikeyan et al.,
2007).

On the other hand, the dexamethasone-induced hyper-
lipidemia was minimized by co-treatment with date palm
and/or S. cerevisiae as indicated by restoration of the values
to the near normalcy. However, the results revealed the more
hypolipidemic effect of S. cerevisiae probiotics over date palm
fruits (Table 2). The obtained results come in agreement with
Hassan et al. (2010) who found that date extracts induced a
significant increase in HDL and a significant decrease in total
cholesterol, LDL, TG and LDL/HDL ratio in diet-induced hyper-
cholesterolemic rabbits. Kumar et al. (2012) reported that the
levels of cholesterol and triglycerides were decreased in yeast
fed piglets as compared to control.

Among the beneficial properties of date palm is antihy-
perlidemic activity (Wan Ismail and Mohd Radzi, 2013). The
possible mechanism of action for the hypolipidemic effect ob-
served in date palm is the presence of antioxidants like poly-
phones and flavonoids as well as the presence of dietary fiber
in date palm which may reduce the absorption of dietary fats
leading to improvement in lipid profile (Musa, 2018). Numer-
ous studies have proved that a high level of HDL is associated
with a lower incidence of cardiovascular disease (Assmann and
Nofer, 2003). Moreover, Rock et al. (2009) also reported that
after 4 weeks of date palm consumption, the VLDL reduced. It
is well known that dietary fiber is able to decrease LDL con-
centration by interfering with cholesterol absorption and en-
terohepatic bile circulation and increasing LDL receptor
activity. The finding of these study suggested that date palm
could have a protective effect against hyperlipidemia through
the improvement of lipid profile (Abuelgassim, 2010).

A significant lipid-lowering effect subsequent to the co-
treatment with S. cerevisiae was previously reported by Seyi-
doglu et al. (2013) in male rabbits, Ahmadi (2011) and Oie and
Liong (2010) in chickens and Kumar et al. (2012) in piglets. It
has been hypothesized that the principal mechanism for the
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lipid-lowering action of probiotics was resulted from de-
creased hepatic de novo lipogenesis and decreased VLDL pro-
duction (Trautwein et al., 1995). This hypothesis was supported
by Delzenne et al. (1999), Gallaher (2000) and El Mahmoudy
et al. (2014) who found an improving effect of the dietary sup-
plementation with mannan-oligosaccharide (naturally present
in the cell walls of the yeast S. cerevisiae) on the lipogram in
hyperlipidemic rats. The hypocholesterolemic effect of probi-
otics may result from the increased viscosity of intestinal con-
tents caused by mannan feeding that was potentially
associated with the lowering of cholesterol absorption (Galla-
her et al., 2000). Probiotics have the ability to deconjugate with
bile acids, enzymatically increasing their rate of excretion and
the use of cholesterol to synthesize new bile lead to the re-
duction of serum cholesterol level (Lye et al., 2009). 

Conclusion

The present study revealed the potential ameliorative ef-
fect of both feed additives (date palm fruits and S. cerevisiae
probiotics) against dexamethasone-induced metabolic alter-
ations in rabbits. The main findings of this study were related
to the improved antioxidant status, liver function, glycemic
control, lipid profile and cardiovascular protection in rabbits
subjected to dexamethasone administration. Furthermore, it
suggested the potential hypolipidemic effect of S. cerevisiae
probiotic over the date palm in rabbits. Therefore, the combi-
nation of both date palm fruits and S. cerevisiae probiotics
could potentially be considered of great interest as feed ad-
ditives.
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