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ABSTRACT

The present study was designed to investigate
the effect of sweet sorghum and sugarcane syrups
as antioxidants on oxidative stress biomarkers and
the lipid profile i.e. serum total triglyceride (TG),
total cholesterol (TC), high density lipoprotein cho-
lesterol (HDL-C) and low density lipoproteins cho-
lesterol (LDL-C)) in male rats. Cadmium was re-
ceived orally to rats daily at a dose of 10mg/L in
drinking water. Rats were divided into four groups,-
eight rats for each- as follow: (I) control group, (ll)
cadmium treated group, (lll) sweet sorghum syrup
solution (500 ppm) once daily at a dose of 1 ml/kg
body weight of cadmium acetate solution, (IV)
sugarcane syrup solution (500 ppm) and cadmium
acetate solution. Bioactive compounds of syrups
under investigation were identified, total phenolic
and flavonoid contents were determined as well.
Results cleared that the effect of variation in varie-
ties on total phenol (mg GAE/ml sample) and anti-
oxidant activity determined by 2,2-diphenyl-1-
picrylhydrazyl radical (DPPH) assay of syrup was
significant (P<0.05) while it was not significant
(P>0.05) on total flavonoid (mg CE/ml sample).The
highest total phenolic content was recorded by
sweet sorghum syrup (1.87 mg GAE/ml sample)
meanwhile, total flavonoid content varied between
(2.09 and 1.36 mg CE/ml sample). Results also
cleared that G.T.54-9 sugarcane and Rex sweet
sorghum syrup samples exhibited significant
(P<0.05) scavenging activity compared to com-
mercial sugarcane sample that gave lower scav-
enging activity (97.16, 96.07 and 74.22, respec-
tively). Sweet sorghum and sugarcane syrups sig-

nificantly affected (P<0.05) absolute weight of or-
gans and relative weight of both heart and kidney,
while the effect on relative weight of liver was not
significant (P>0.05). The treatment of sweet sor-
ghum and sugarcane syrups during cadmium ace-
tate administration in rats led to reduction in ala-
nine transaminase (ALT), aspartate transaminase
(AST), antioxidant enzymes, urea, creatinine and
biomarkers in rat livers, like reduced glutathione,
catalase, malondialdehyde, serum total triglycer-
ide, total cholesterol, high density lipoprotein cho-
lesterol and low density lipoproteins cholesterol
back near to normal when compared to control
rats. In general, the treatment with sugarcane syr-
up reduced the cadmium acetate induced hepato-
toxicity in rats.

Key words: sweet sorghum syrup, sugarcane syr-
up, cadmium, oxidative stress, rats

INTRODUCTION

Sweet sorghum [Sorghum bicolor (L.)Moench]
which also names sugar sorghum, is a variety of
common grain sorghum belongs to kingdom Plan-
tae, family Poaceae and genus Sorghum. Sweet
sorghum is characterized with sugary juice rich
stalks so the essence of sweet sorghum is for its
stalk that contains high amount of sugar and suita-
ble for cultivation wherever temperatures do not
fall below 15°C. Sorghum syrup is a natural sweet-
ener that tastes like molasses, but is slightly less
sweet. Sweet sorghum crop could be considered
as a source of syrup and can be used as sugar
alternative for meeting certain requirements of the
food industry Kulkarni et al (2018).
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Sugarcane (Saccharum spp.) is a perennial
grass and one of the few plants which stores its
carbohydrate reserves as sucrose Verheye,
(2010).

The freshly extracted sugarcane juice was
boiled vigorously till most of the water evaporated
and juice gets concentrated as syrup and the tem-
perature starts rising steadily to around 105°C.
Sugarcane juice was concentrated to syrup corre-
sponding to TSS of syrup having an end point of
70° Brix. The syrup was filtered using muslin cloth,
cooled and packed in different packaging materials
(thermally sealed polyethylene bags, PET polyeth-
ylene terephthalate jars and glass bottles) for six
month at room temperature ranging 32-37°C as
reported by Thilagavathi and Hemalatha, (2016).
Authors also reported that sugarcane syrup is a
unique natural product which meets the need of a
target public in search of a healthier nutrition as it
characterized by its high energy carbohydrates
and rich in iron, calcium and phosphorous content.
Consumption of sugarcane syrup is reported to
build up resistance to disease and colds. Also
sugarcane syrup is high in policosanol, which has
been proven effective at reducing cholesterol lev-
els. Therefore, the nutritional potential of sugar-
cane syrup as an alternative sweetening agent to
sugar and jaggery is recommended.

Sweet sorghum stalks were harvested; leaves
and panicles were separated stalks then were
chopped pieces (about 10 cm-long). The juice was
extracted by manual milling procedures, then it
was filtered through a screen and finally collected
into 1 liter volume sterile flasks. The extracted juice
was used for syrup production where 100 mL of
juice was heated up to 50-75 °C in a double-walled
Erlenmeyer flask, juice was then clarified and
evaporation was carried out under vacuum at 50-
75°C in two steps as follow: after solubility limit of
liquor was reached it was filtered through a micro-
filter with pore size 0.45-micrometer, then the con-
centration was continued until syrup reached 65-70
°brix. Syrup physiochemical and sensory proper-
ties were evaluated immediately after processing
as stated by Cséfalvay and Bakacsi, (2019).

Cadmium (Cd) is considered as one of the
most occupational toxic metals, and it is widely
abundant in the environment. Humans and both
plants and animals had the ability toabsorb cadmi-
um and concentrate within their tissues efficiently
Talas et al (2008).
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Exposure to cadmium was reported to produce
lipid peroxidation which considered as one of the
main reasons of oxidative damage (Zhou et al
2009). Chronic exposure to cadmium led to in-
creased free radical load, increased level of perox-
idation products and reduced level of glutathione in
rabbit models Pathak and Khandelwal, (2007).

The accumulated cadmium acetate causes an
increased permeability to the hepatocyte mem-
brane. Thus, consequently both the enzymes are
released into the blood stream and thus the level
was elevated Kataoka et al (2002).

One of the most sensitive toxicity indicators is
organ weight that changes before other morpho-
logical changes. Physiological and pathological
state in human and animals can be determined by
recording change in organ weight, to diagnose
whether the organ was exposed to the hurt or not
the relative organ weight needed to be calculated
(Vaghasiya et al 2011). Metabolic reaction caused
by toxicants affect the different primary organs i.e
heart, kidney and liver Dybing et al (2002).

Sho et al (1981) reported that the effect of
sugarcane rind on the body weight change was
significantly low. The food consumption, feed con-
version and liver weight of each experimental
group were similar. The concentrations of serum
cholesterol, phospholipids and triglycerides, results
cleared that the total cholesterol and phospholipids
levels of the rats fed on corn oil group was the
lowest followed by sugarcane rind diet group, tri-
glycerides level of sugarcane rind diet group was
the lowest and followed by cholesterol-free diet
group, rats fed on corn oil group and rats fed on
lard with cholesterol diet group, respectively).

Khan et al (2018) studied the hepatoprotective
properties of sugarcane (Saccharum officinarum.
L) juice in mice on hepatotoxicity where mice was
given sugarcane juice 15ml/kg/day for 30 days.
Sugarcane juice significantly lowered the raise in
aminotransferases (alanine transaminase and as-
partate transaminase) and alkaline phosphatase
(ALP) levels, which show the liver functional status.
Also, sugarcane juice was found to be more effec-
tive as a hepatoprotective agent than vitamin C in
induced oxidative liver injury.

The aim of the current study was to evaluate
the biological activity of sweet sorghum and sugar-
cane syrups as antioxidants source on lipid peroxi-
dation, oxidative stress biomarkers and the lipid
profile in male rats.
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MATERIALS AND METHODS
Materials

Sweet sorghum (Sorghum bicolor, L., Moench)
stalks (50-100 stalks) Rex variety was obtained
from Giza station, Agricultural Research Centre
(ARC), Giza, Egypt, during (2015-2016), while
sugarcane variety Giza Taiwan54-9 (G.T. 54-9)
Known as C9 was obtained from Malawi station,
Minya government, Egypt during (2015-2016).

Sweet sorghum (Sorghum bicolor, L., Moench)
stalks were harvested at dough stage (after 115 to
120 days from planting), while sugarcane was har-
vested after 12 months from planting. In addition, a
representative sample of sugarcane commercial
syrup was obtained from local market.

Preparation of sweet sorghum and sugarcane
syrups

Juice was extracted and concentrated accord-
ing to (Awad-Allah et al 2010) as follows:

Juice extraction

The chosen 25-50 stalks were stripped,
cleaned and squeezed by an electric three roller
horizontal mill with crushing capacity (9.00 and
10.38 Kg for sweet sorghum and sugarcane G.T.
54-9 variety, respectively) to provide enough
amount of juice. The extracted juice was filtrated
twice using fine mesh screen (0.5mm) in order to
remove the suspended matter and collected into a
stainless steel pans then stored at deep freezer
(Electrostar) for three hours till concentration pro-
cess.

Juice concentration

Five kilograms juice that have total soluble sol-
ids (TSS) 15.83 and 27.16% for sweet sorghum
and sugarcane, respectively were evaporated by
using stainless steel pans (6 liters capacity) till
boiling point (102 + 5°C) on direct flame for 7-8
hours till total soluble solids reached 40-50% ; then
the concentration was completed on indirect heat
(hot plate) for 5-6 hours. Skim removed during
concentration in order to produce high quality syr-
up. The boiling temperature and TSS of final syrup
were 106+2°C, 76.33, 77.00% brix for sweet sor-
ghum and sugarcane syrups, respectively. Brix
was determined using sugar refractometer. The
final syrup was filtered through two layers of clean

cheesecloth in order to remove impurities and
packed in one kilogram jar and cooled in refrigera-
tor at 4+1°C.

Chemicals and Reagents

Cadmium acetate dehydrate (98%) was pur-
chased from Technogene group Co., El-Dokki-
Giza, Egypt.

Kits of aspartate transaminase (AST), alanine
transaminase (ALT), triglycerides (TG), creatinine,
urea, cholesterol, high-density lipoprotein, reduced
glutathione (GSH) and lipid peroxidation were ob-
tained from Biodiagnostic Co., EI-Dokki, Giza,

Egypt.

Total phenols and total flavonoids assays for
extracted juice and syrup prepared from differ-
ent varieties of sweet sorghum and sugarcane

The Folin- Ciocalteu method was used for the
determination of total phenols and total flavonoids
content was evaluated according to a colorimetric
assay with aluminium chloride. The concentration
of total phenolics is expressed as gallic acid equiv-
alent per 1 ml fresh sample while catechin was
used as the standard for the construction of a cali-
bration curve and expression of total flavonoid
concentrations as catechin equivalent per 1 mi
fresh sample. All samples were prepared in tripli-
cate as reported by lvanova et al (2010).

Identification of phenolic and flavonoid com-
pounds for extracted juice and syrup prepared
from different varieties of sweet sorghum and
sugar cane

To identify phenolic acids and flavonoids by
HPLC, samples were prepared according to the
method described by Jakopi¢ et al (2009). All
chromatograms were plotted at 280 nm to estimate
phenolic acids and at 330 nm for flavonoids. All
components were identified and quantified by
comparison of peak areas with external standards
as mentioned by Schieber et al (2001).

Determination of DPPH scavenging activity

The scavenging capacity of juice and syrup
prepared from different sweet sorghum varieties
and sugarcane extracts against 2,2-diphenyl-1-
picrylhydrazyl(DPPH) were determined according
to Makori, (2013). Inhibition of free radical DPPH
(%) was calculated using the formula: according to
Ayoola et al (2008).
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Percentage inhibition (%) =

[(A control — A sample)/A control)] x 100
A control: IS the absorbance at 517 nm of the control
reaction (containing all reagents except test sam-
ples)
A sample: IS the absorbance at 517 nm of the test
samples.

Animals and experimental design

Thirty-two adult male Wistar albino rats, weigh-
ing160-180 g were obtained from Food Technolo-
gy Research Institute, Agricultural Research Cen-
ter, Giza, Egypt, and housed in cages at rooms
maintained at 25+1°C with alternating cycles of
light and dark of 12h duration, tab water and
standard animal feed diet were given ad-libitum.
The compositions of standard diets are shown in
Table (1) according to AIN-93 guidelines (Reeves,
et al 1993).

After adaptation period for one week, rats were
placed randomly into four groups of 8 each and
administrated orally daily for 30 days as follows: (I)
control group was received standard diet and tab
water ad-libitum daily, (II) cadmium treated group:
cadmium acetate solution (10mg/L) was received
in drinking water, (Ill) sweet sorghum (500 ppm)
syrup solution was received once daily at a dose of
1 ml/kg body weight using an oral by gavage and
cadmium solution also received daily, (IV) sugar-
cane syrup (500 ppm) solution was received once
daily at a dose of 1 ml/kg body weight through oral
by gavage also cadmium solution was received
daily according to Zhang et al (2009) and Kadam
et al (2008).

Blood samples were collected from the retro-
orbital plexus from all animals of each group into
clean, dry and labeled tube (5 ml). The tubes were
centrifuged (123 XG for 15 min.) to separate se-
rum, which was tightly kept in sealed aliquot 5 ml
tubes on deep freezer at -18 °C until biochemical
assays. At the end of the experiment (one month),
rats were sacrificed and organs were excised and
weighted. One gram of liver was used for liver bio-
chemical analyses as described by Brown and
Jeffries, (1975).

The relative organ weight of each animal was
then calculated according to Aniagu et al (2005)
as follows:

Relative organ weight =
Absolute organ weight (g) X 100

Yara El-Geddawy; Yousif; Nessrien Yasin and Besheit

Table 1. Ingredients of the commercial balanced
ration for growing (For one Kg pellet ration)

Crude matter Quantity
Crude protein Not less than 17 %
Crude fat Not less than 2.4 %
Crude fibers Not more than 12 %
Digestible energy Not less than 2800 Kcal.
Vitamin A 10000 I.U. /Kg Ration
Vitamin K 2 mg /Kg Ration
Vitamin D3 900 I.U. /Kg Ration
Vitamin E 50 mg /Kg Ration
Folic acid 5 mg /Kg Ration
Choline 1200 mg /Kg Ration
Biotin 0.2 mg /Kg Ration
Vitamin B12 0.01 mg /Kg Ration
Niacin 50 mg /Kg Ration
Vitamin B6 2 mg /Kg Ration
Pantothenic acid 20 mg /Kg Ration
Vitamin B2 6 mg /Kg Ration
Zinc 70 mg /Kg Ration
Cobalt 0.1 mg /Kg Ration
Manganese 8.5 mg /Kg Ration
Iron 75 mg /Kg Ration

Biochemical Analysis

Liver function parameters

The activities of alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) were
determined colorimetrically according to Reitman
and Frankel, (1957) method.

Kidney function parameters

(a) Urea concentration:

Enzymatic colorimetric determination of urea
was carried out according to the method of Searcy

el al (1967). While,

Creatinine concentration

determined kinetic according to the method of

Henry, (1974).

(b) Creatinine concentration

Kinetic determination of creatinine was carried
out according to the method of Henry, (1974).

Lipid profiles parameters

Enzymatic determination of cholesterol was

Body weight of rat on sacrifice day (g)

carried out according to the method of Allain et al
(1974); Fully enzymatic determination of total
triglycerides was determined according to the
method of Fossati and Prencipe, (1982).

AUJASCI, Arab Univ. J. Agric. Sci., 27(3), 2019
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Low density lipoproteins cholesterol (LDL-C)
calculated according to Friedewald et al 1972
using the following equation:

LDL-cholesterol = Total cholesterol - (HDL-
cholesterol) - (Triglycerides/5)

Also, High Density Lipoprotein (HDL) serum
cholesterol was determined using enzymatic color-
imetric methods according to Lopez-Virella et al
(1977).

Determination of oxidative stress biomarkers

(a) Lipid Peroxidation

The extent of lipid peroxidation in the liver was
determined by measurement of malondialdehyde
formation at 534 nm using the thiobarbituric acid
reactive substances method as described by
Ohkawa et al (1979).

(b) Reduced glutathione (GSH)

Reduced glutathione was determined accord-
ing to the method of Beutler et al (1963).

(c) Catalase activity in liver homogenates

Catalase activity was assayed by the method
described by Bonaventura et al (1972).

Statistical analysis

Statistical analyses were performed using
SPSS statistical software package. Normality and
homogeneity of the data was confirmed before
ANOVA, differences among the experimental
groups were assessed by one-way ANOVA fol-
lowed by Duncan’s multiple range test with P <
0.05 being considered statistically significant
Snedecor and Cochran, (1980).

RESULTS AND DISCUSSION

Data illustrated in Table (2) cleared that the ef-
fect of variation in varieties on total phenol (mg
GAE/ml sample) and antioxidant activity deter-
mined by 2,2-diphenyl-1-picrylhydrazyl radical
(DPPH) assay of syrup was significant (P<0.05)
while it was not significant (P>0.05) on total flavo-
noid (mg CE/ml sample).

As shown in Table (2), total phenols were sig-
nificantly (P<0.05) decreased after juice concentra-
tion in all samples except for Rex variety which
exhibited the highest phenol content (1.87 mg
GAE/ml sample) meanwhile, total flavonoid content
varied between (1.09 and 1.36 mg CE/ml sample).
These results are close to those obtained by Asi-
kin et al (2018).

Results also cleared that G.T.54-9 sugarcane
and Rex sweet sorghum syrup samples exhibited
significant (P<0.05) scavenging activity compared
to commercial sugarcane sample that gave lower
scavenging activity (97.16, 96.07 and 74.22, re-
spectively). These results might be due to solubility
differences of flavonoids in a micellar water—lipid
system that may influence results obtained. These
results agree with Feng et al (2014). From these
results it could be concluded that the syrups of
sweet sorghum and sugarcane are strong free
radical scavengers.

Table 2. Total phenol, total flavonoid contents and scavenging activity of juice concentrate (Syrup)

from sweet sorghum and sugarcane

Sample | Sweet sorghum Rex Sugar cane samples
Character variety G. T.54-9 Commercial
Total phenol (mg GAE/ml sample)* 1.872 0.98° 0.29¢
Total flavonoid (mg CE/ml sample)** 1.362 1.092 1.352
DPPH scavenging activity (%) 96.072 97.162 74.22°

Means with different letters within each row are significantly different at (p<0.05). *Data are expressed as mg
Gallic acid equivalents (GAE) per ml of sample. ** Data are expressed as mg of catechin acid equivalent (CE)
per ml of sample. , DPPH: (2,2-diphenyl-1-picrylhydrazyl radical),
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Bioactive compounds (phenolic and flavonoid
compounds) existing in different sweet sor-
ghum and sugarcane syrups

Data in Table (3) illustrated that, Rex variety
recorded the highest content of almost phenolic
compounds and all flavonoid compounds. Among
sugarcane samples, pyrogallol, chlorogenic, e-
vanilic, ferulic and ellagic were predominant in G.T
54.9 sugarcane syrup (469.49, 59.90, 88.70, 53.90
and 56.86, respectively). On contrary commercial
sugarcane sample exhibited the lowest content of
phenolic content. The increase in phenolic content
might be due to the effect of high temperature that
accelerate concentration of solids including higher
content of phenolic substances meanwhile, the
high content of ferulic acids probably due to the
degradation of lignin and hemicellulose materials.
While the degradation of the hydroxyl cinnamic
acid derivatives during concentration process led
to an increase in benzoic acid. These results are in
harmony with Payet et al (2006).

Regarding flavonoid content of different syrup
samples, data Table (3) cleared that flavonoid
compounds were increased after concentration,
the dominant flavonoids in Rex syrup were nar-
ingin (110.6 ppm), hisperdin (47.35 ppm), hispertin
(46.31 ppm), rosmarinic (37.30 ppm) and querce-
trin (21.36 ppm), respectively. As shown in Table
(3) in spite of low flavonoid content recorded by
G.T. 54-9 sugarcane syrup but it exhibited a higher
content of naringin and quercetin (236.53 and 4.66
ppm, respectively). On contrary, commercial sug-
arcane syrup exhibited the highest content of his-
perdin (263.08 ppm), narengenin (159.95 ppm),
rutin (104.63 ppm), hispertin (92.26 ppm), querce-
trin (54.93 ppm), kampherol (28.42 ppm) and ape-
gnin (3.04 ppm). Finally, the results indicated that
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the examined extracts contained specific amounts
of polyphenol and flavonoid compounds, proving
them to be perfect sources of antioxidants. The
variation in flavonoid content might be due to dif-
ferent techniques of extraction and processing that
might affect the antioxidant capacity measured in
different materials also genetic factors, different
environmental conditions, stage of maturity, culti-
var or varietals differences, soil fertilization and the
part of the plant used, amongst other factors that
affect quantitative variation in these phytochemi-
cals (Herrman, 1976).

Body weight gain of rats as affected by syrup
of sweet sorghum and sugarcane and/or cad-
mium acetate

Data in Fig. (1) illustrated that the differentia-
tion of initial body weight among rat groups. The
highest body weight was recorded by group Il
followed by Group | then Group IV and Group Il
(162.40, 158.20, 146.60 and 144.60 g, respective-
ly). During experiment duration, it was noticed that,
body weight gain non significantly (p>0.05) differed
by treatments. These results may be due to the
stress that roughly reduce food intake consequent-
ly body weight Marti” et al (1994) or stress levels,
genetics, amount of sleep that led to sudden
change in calorie and weight-loss formula. Mean-
while, the effect of time was significant (p<0.05)
among all treatments, where body weight gain de-
creased as time increased among all treatments.
These results probably due to exposure to stress
that induce reduction in body weight that can con-
tinue even if the food intake returned to normal
condition. These results are in harmony with Val-
le's et al (2000).
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Table 3. Fractionation of bioactive compounds (ppm) in sweet sorghum and sugarcane juice concen-
trates (Syrups)

Samples Bioactive Sugarcane samples
Sweet sorghum Rex variety . . .
Giza Taiwan 54-9 | Commercial
Compounds
Phenolic Compounds (ppm)
Gallic 33.80 6.96 1.42
Pyrogallol 726.67 469.49 23.67
4-Amino-benzoic 20.88 3.76 0.23
Protocatchuic 110.06 19.00 1.67
Chlorogenic 244.96 59.90 0.67
Catecol 172.18 21.42 2.22
Catechen 71.61 31.10 0.21
Caffeine 33.57 8.15 0.95
P-OH- benzoic 165.73 49.02 2.10
Caffeic 196.31 22.32 0.91
Vanillic 92.30 8.88 0.48
Ferulic 86.32 53.90 0.44
Iso-ferulic 39.10 50.03 0.15
e-vanillic 281.29 88.70 28.23
Reversetrol 41.77 ND ND
Ellagic 63.35 56.86 ND
Alpha-coumaric 10.62 4.56 7.80
Benzoic 117.45 32.77 ND
Salycilic 23.05 20.50 2.02
3,4,5- mthoxy-cinnamic 33.11 7.65 0.86
Coumarin 15.31 5.13 0.30
p-coumaric 13.84 4.05 ND
Cinnamic 1.74 1.31 2.02
Flavonoid compounds (ppm)
Naringin 101.06 236.53 159.95
Rutin 24.68 13.97 104.63
Hisperdin 47.35 16.28 263.08
Rosmarinic 37.30 4.20 3.40
Quercetrin 21.36 21.33 54.93
Quercetin 2.88 4.66 3.54
Narengenin 3.34 4.24 5.89
Kampherol 1.63 1.35 28.42
Hispertin 46.31 18.77 92.26
Apegnin 0.78 0.20 3.04

N.D: Not detected

AUJASCI, Arab Univ. J. Agric. Sci., 27(3), 2019
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Fig. 1. Body weight gain (g) of rat's as affected by syrup of sweet sorghum and sugarcane and/or cadmi-

um acetate during experiment duration (one month)

Effect on internal
weight of male albino
by different treatments

organs relative
rats as affected

Data in Table (4) showed that treatments had
significant effect (P<0.05) on absolute weight of
different rat organs and relative weight of both
heart and kidney. On contrary, treatments had not
significantly affect (P>0.05) relative weight of liver.
These differences may be due to different factors
that may influence organ weights such as animal
strain, age, gender, conditions of environment and
experiment. Absolute weight of heart varied be-
tween 0.31 to 0.46g, kidney and liver varied be-
tween 0.52 to 0.67g and 2.34 to 3.19 g, respective-
ly. The increase in liver's weight might be due to
hepatocellular hypertrophy that refers to the toxic

effect of cadmium acetate. Concerning relative
weight of heart it was observed that, the highest
value was found in group IV followed by group I
then control and finally group llI, respectively. The
enlargement and increase in heart weight probably
due to toxic effect of the cadmium that resulted in
poor oxygen carriage so to pump more blood met-
abolic activities of the heart increased Ajani et al
(2008). The highest relative weight of kidney was
found in group Il followed by group IV then control
and finally group II, respectively. The variation in
kidney weight might be associated with gender and
age of animal. On the other hand, relative weight
of liver varied between 2.26 to 2.88%. These re-
sults probably due to proportional relationships
exist between the liver weight and body weight
Bailey et al (2004).

Table 4. Absolute and relative weight of rat’'s organs as affected by syrup of sweet sorghum and

sugarcane and/or cadmium acetate

Absolute and Relative | Absolute weight of organs | Relative weight of organs

weight Q) (%)
Treatment Heart Kidney Liver Heart | Kidney | Liver
Group | 0.342b 0.602° 2.34° | 0.32% 0.562° 2.262
Group Il 0.372b 0.52° 2.88% | 0.35%° 0.48° 2.642
Group Ill 0.31° 0.672 2.89%° | 0.28° 0.622 2.622
Group IV 0.462 0.662 3.192 0.422 0.60? 2.882

Where: Group |: control group; Group II: cadmium treated group; Group Ill: sweet sorghum (500 ppm) syrup so-
lution and cadmium-treated group; Group IV: sugarcane (500 ppm) syrup solution and cadmium-treated group
- Means with different letters within each column are significantly different at (p<0.05)
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Liver and Kidney function of rats as affected by
syrup of sweet sorghum and sugarcane and/or
cadmium acetate

Results in Table (5) revealed the functions of
liver by measuring the activity of serum enzymes
i.e. aspartate transaminase (AST) and alanine
transaminase (ALT).

Cadmium acetate intoxication produced a sig-
nificant (P<0.05) elevation of serum liver enzymes,
ALT, AST compared to control rats 73.25, 84.00
and 31.75, 35.25 IU/ml, respectively. Generally,
ALT, AST enzymes increased under liver damage
Hung et al (2006). ALT and AST considered as
specific marker enzymes that elevated under cad-
mium acetate induced toxicity Kowalczyk et al
(2003).

All these mentioned changes were significantly
(P<0.05) reduced to normal control rats upon
sweet sorghum and sugarcane syrup treatments
during cadmium acetate toxicities in rats (Group Ill
and Group V).

Same findings were observed regarding both
urea and creatinine presented in Table (5). But all
these conditions were reversed back near to nor-
mal in sweet sorghum and sugarcane syrup treat-
ed rats (Group Il and Group IV) when compared to
control rats. These results are in harmony with that
obtained by (Khan et al 2018). The normal serum
creatinine level was found to be 0.5 to 1.0 mg/dL
according to daily diet and activity as mentioned by
Hamilton et al (1972).

Table 5. Liver and Kidney function of rats as affected by syrup of sweet sorghum and sugarcane and/or

cadmium acetate

Liver and kidney Liver Kidney
reatment functions | o raumiy | AST uiml | Urea (mg/dL) | Creatinine(mg/dL)
Group | 31750 35.25b 39.50° 0.50b
Group Il 73.252 84.00 @ 62.00 2 0.69 @
Group Ill 35.00° 36.50 43.25" 0.54 b
Group IV 33750 3450 42.88" 0.55 a

Where: Group |: control group; Group II: cadmium treated group; Group llI: sweet sorghum (500ppm) syrup solution and
cadmium-treated group; Group IV: sugarcane (500 ppm) syrup solution and cadmium-treated group

- Means with different letters within each column are significantly different at (p<0.05)

-ALT= Alanine aminotransaminase; AST= Aspartate aminotransaminase

Oxidative stress biomarkers of rats as affected
by syrup of sweet sorghum and sugarcane
and/or cadmium acetate

The level of antioxidant enzymes and bi-
omarkers in rat livers like reduced glutathione, cat-
alase and malondialdehyde in normal, cadmium
acetate treated, sweet sorghum and sugarcane
treated rats are illustrated in Table (6). Results
showed that the activity of reduced glutathione and
catalase enzymes were significantly (P<0.05) de-
creased in cadmium acetate group, the decrease
is probably due to irreversible damage of the en-
zyme by reactive oxygen species- i.e. peroxides,
superoxide and hydroxyl radical- produced as a
result of stress. The levels of antioxidant enzymes
returned near to normal in rats treated with sweet
sorghum and sugarcane syrups.

As for malondialdehyde results, it could be not-
ed that malondialdehyde level in rats treated with
cadmium was significantly (P<0.05) higher than
that in control rats 245.68 and 167.25 nmol/g tis-
sue, respectively. These results point out that pro-
duction of oxygen free radicals in rats increased.
Also, it could be noticed that conditions were re-
versed near to normal in sweet sorghum and sug-
arcane syrups treated (Group Il and Group V) rats
when compared to control rats. These results are
in harmony with those obtained by Abbassy et al
(2014).

In general, it was found that treatment with
sweet sorghum and sugarcane syrups reduced the
cadmium acetate induced hepatotoxicity and lipid
peroxidation in rats. This might be due to presence
of low molecular weight compounds such as poly-
phenols that can interrupt the propagation of free
radical reactions and stop lipid peroxidation chain
reaction Acworth et al (1997).

AUJASCI, Arab Univ. J. Agric. Sci., 27(3), 2019



1904

Yara El-Geddawy; Yousif; Nessrien Yasin and Besheit

Table 6. Oxidative stress biomarkers of rat’s liver as affected by syrup of sweet sorghum and

sugarcane and/or cadmium acetate

Character | Reduced Glutathione Catalase (umol/mg | Malondialdehyde
Treatment (mM/g) tissue) (nmol/g tissue)
Group | 21.63¢2 49.73 2 167.25°¢
Group Il 12.73°¢ 39.53¢ 245.68 @
Group llI 17.95° 46.73° 183.55P
Group IV 18.00° 48.0 @ 168.23 ¢
Where: Group |: control group; Group II: cadmium treated group; Group Ill: sweet sorghum (500

ppm) syrup solution and cadmium-treated group; Group IV: sugarcane (500 ppm) syrup solution

and cadmium-treated group

- Means with different letters within each column are significantly different at (p<0.05)

Lipid profile of rats as affected by syrup of
sweet sorghum and sugarcane and/or cadmium
acetate

Data in Table (7) pointed out that after one
month experimental period, cadmium treatment
significantly (P<0.05) increased the serum levels of
total cholesterol, triglycerides, low density lipopro-
tein cholesterol while serum high density lipopro-
tein cholesterol significantly (P<0.05) decreased
compared to other groups. These results may be
due to oxidative stress induced by cadmium
acetate that led to a disorder in the balance of pro-

oxidant and antioxidant which led to disease ex-
pansion, cell damage, in convenient biological re-
actions. These results indicated that oral admin-
istration of cadmium significantly affected the ad-
verse metabolic effects in rats after one month.
The results agreed with Olisekodiaka et al (2012).
On the other hand, treatment with sweet sor-
ghum and sugarcane syrups (Group Il and Group
IV) led to reduction of total cholesterol, triglycer-
ides, low density lipoprotein cholesterol and serum
high density lipoprotein cholesterol back near to
normal levels when compared to control group.

Table 7. Lipid Profile of rats as affected by syrup of sweet sorghum and sugarcane and/or cadmium

acetate
Character | Triglycerides (TG) | Total Cholesterol (TC) HDL-C LDL-C
Treatment mg/dL (mg/dL) (mg/dL) | (mg/dL)
Group | 29.75bP 175.50° 22452 147.10¢
Group Il 46.12 206.50 @ 13.50 ¢ 183.732
Group I 30.18° 180.50 ° 17.00 ¢ 157.47°
Group IV 30.10° 180.50 ° 19.20° 155.28

Where: Group I: control group; Group Il: cadmium treated group; Group Ill: sweet sorghum

(500 ppm) syrup

solution and cadmium-treated group; Group IV: sugarcane (500 ppm) syrup solution and cadmium-treated

group

- Means with different letters within each column are significantly different at (p<0.05)
-HDL-C: High-Density Lipoprotein cholesterol; LDL-C: Low-Density Lipoprotein cholesterol.
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CONCLUSION

In conclusion, results cleared that the
most sensitive organ target for toxicity is liver.
Effect of oxidative stress on absolute, relative
weights of organs, oxidative stress hi-
omarkers and lipid profile in rats experimental
groups was evaluated by using sweet sor-
ghum and sugarcane syrups as protective
materials instead of juice as in previous stud-
ies. Results cleared that sweet sorghum and
sugarcane syrups significantly reduced the
side effects of cadmium toxicity.
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