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ABSTRACT

Objectives: Radiotherapy is deleterious to patient health by making the patient more susceptible to other diseases and often causes death by 
weakening the immune system and also affects cholesterol level. Based on these studies, it was moved toward the selection of Opuntia elatior as a 
herbal remedy for serum cholesterol level induced by gamma radiation.

Methods: The modulatory effect of O. elatior stem extract was studied in Swiss albino mice at dose, i.e., 6 Gy of gamma radiation in the presence 
(experimental) or absence (control) of O. elatior extract (OEE) (10 mg/kg body weight) to observe in blood cholesterol level alterations. The animals 
were scarified and their blood was collected at days 1, 15, and 30 post-irradiation from heart puncture. Cholesterol level was estimated by the 
modified method of Roeschlau et al., 1974, using kit.

Results: The cholesterol level was found almost constant in the control group (without any treatment) and increased in gamma radiation-treated 
group and decreased in only plant extract-treated group, whereas radiation-induced increased level of cholesterol was reduced by plant extract 
treatment in experimental animals (in plant extract with radiation-treated group), a normal level was achieved by day 30 post-treatment. Hence, 
O. elatior is beneficial to control radiation-induced blood cholesterol level.

Conclusion: Radiation-induced side effects get lowered by herbal treatment and herbal products do not have their own side effects on body on their 
physical and chemical processes; thus, OEE is useful to manage blood cholesterol level as an edible part, it is easy to use as treatment and in my results 
OEE also support to maintain cholesterol level in serum of mice.
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INTRODUCTION

Gamma radiation, released through the nuclear detonation, is 
extremely energetic and is so pungent that a substantial part will 
pass through the human body without interaction. About 77% of 
the photons will interrelate with and lose energy to the atoms of the 
target tissue - gamma radiation penetrates through a medium with no 
interaction with electrons. Until they crash with elements of the atoms 
and liberate energetically charged particles that are ionizing [1].

High level of cholesterol or hypercholesterolemia is the root cause of 
cardiovascular diseases [2]. Cholesterol is directly related with ischemic 
stroke and has been observed to be indirectly related with a number of 
other consequences such as cancer and chronic respiratory disease [3].

Cholesterol in the body is useful as material used for hormones 
synthesis and membrane or cell wall formation. 83% of cholesterol is 
synthesized in the liver and the remaining comes from different types of 
food and beverages. However, extreme levels of cholesterol in the body 
can cause various diseases. In the present investigation, the effort of 
elevated cholesterol can be done by feeding high cholesterol mixed with 
propylthiouracil, so the condition of hypercholesterolemia is attained. 
Cholesterol high diets in can raise rats’ blood cholesterol level. The use 
of goat fat and cooking oil along with the butter can lead to increased 
level of cholesterol in the blood as the material contains saturated fatty 
acids. Saturated fatty acids synthesize very low-density lipoprotein 
particles having elevated level of cholesterol [4]. Cholesterol plays a 
chief role in human heart health and is required in the body to insulate 
nerves, makes cell membranes, and synthesizes certain hormones, and 
it is an important lipid in some membranes [5]. According to the World 
Health Organization, about 50% of the heart attacks occur in individual 
with high level of cholesterol [6].

The cactus Opuntia (genus Opuntia, subfamily Opuntioideae, and 
family Cactaceae) is a xerophyte producing about 200–300 species 
and is mainly grown in arid (<250  mm annual precipitation) and 
semi-arid (250–450  mm annual precipitation) zones. Due to their 
tremendous genetic variability, Opuntia plants show a high ecological 
adaptivity and can, therefore, be encountered in places of virtually 
all climatic conditions: North, Central, and South America, the 
Mediterranean, North, Central and South Africa, the Middle East, 
Australia, and also in India [7,8]. Various studies have been reported 
on ethnopharmacological actions of Opuntia spp. such as antiviral [9], 
antihyperlipidemic, and hypercholesterolemic [10,11]. Based on these 
studies, we moved toward the selection of Opuntia elatior as an herbal 
remedy for serum cholesterol level induced by gamma radiation.

METHODS

Male Swiss albino mice (mus musculus norvegicus) 6–8 weeks old, 
weighing 25 ± 2  g each from an inbred colony at the Department 
of Zoology, University of Rajasthan, Jaipur, were selected for the 
experiments. They were maintained under controlled conditions 
of temperature 37±5°C and kept in natural daylight and dark night 
cycles. Institutional animal ethics committee approval number of the 
Department of Zoology, University of Rajasthan, Jaipur, is CPCSEA 
registration no. 1678/Go/Re/S/12/CPCSEA dated 16.06.2017.

Source of irradiation
Animals were irradiated with cobalt teletherapy unit (ATC-C9) at Cancer 
Treatment Center, Radiotherapy Department, SMS Medical College 
and Hospital, Jaipur, Rajasthan, India. Unanesthetized animals were 
restrained in well-ventilated Perspex boxes (30 cm×30 cm×5 cm) and 
exposed whole body to gamma radiation with external Co60 teletherapy, 
SMS radiation unit with source surface distance of 80 cm to deliver the 
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dose rate of 1.47 Gy/min. The dose rate was calibrated throughout the 
experimental period according to the decay table of Co60.

Source of plant material
The plants were collected from Botanical garden (Smriti van), Jaipur, 
Rajasthan, and voucher specimen was deposited in the Department of 
Botany, University of Rajasthan, for authentication (RUBL no. 211574).

Preparation of plant extract
O. elatior stem was peeled off, cut into pieces and shade dried and then 
powdered. Plant material was taken out and shade dried and then 
powdered. The extract of stem of O. elatior was prepared by extracting 
powder in ethanol and acetone separately at 68°C and 40°C in a Soxhlet 
apparatus for 36 h each. The animals were fed one extract at a time 
by gastric intubation with different dose rates according to the plan 
of experiments. Both ethanolic and acetone extracts were prepared at 
10 mg/kg body weight (on the basis of survival assay)

Design of experiment
Adult, healthy, Swiss albino mice were used for the study. They were 
divided into four groups.
•	 Group I: Control mice without any treatment.
•	 Group II: 6 Gy Co60 gamma radiations only.
•	 Group III: O. elatior extract (OEE) (10 mg/kg body weight only).
•	 Group IV: OEE (10 mg/kg body weight)+6 Gy Co60 gamma radiation

The animals were observed for changes in their behavior, body weight, 
and mortality (if, any). The animals will be sacrificed at suitable post-
treatment intervals.

Autopsy
The animals from all the groups were sacrificed by cervical dislocation 
at 1, 15, and 30  days after irradiation. Six animals were sacrificed at 
each interval from every group and serum parameter cholesterol was 
studied.

Estimation of cholesterol
Cholesterol was estimated in serum using the kit supplied by Transasia 
Bio-Medicals Ltd., Baddi, Dist. Solan, HP, by the modified method of 
Roeschlau et al., 1974.

RESULTS

In the present study, alterations in various biochemical parameters 
level found to show a parallel pattern in all the groups. These were 
markedly suppressed in the 6 Gy irradiated animals and a normal value 
could not be achieved till the last autopsy interval (i.e., day 30). Prior 
administration of OEE enhanced the recovery in these parameters, and 
a normal value was registered by day 30th post-treatment.

Cholesterol level when treated with OEE (in acetone solvent)
It was observed that in acetone extract the values in control group 
(without any treatment) showed almost similar pattern from day 1 to 
day 30. Further, in group treated with only plant extract, it was observed 
that the value decreased when registered by day 30th post-treatment 
(197.5–178.3 mg/dl). In group treated with radiation along with plant 
extract, it was observed that the values increased registered by day 
30th post-treatment, but it was maximum in day 15th (199.16 mg/dl) that 
is almost equal to the control group. Finally, in group treated with only 
6–8  Gy radiation, it was observed that the level constantly increased 
by day 30th  post-treatment from the day 1  (202.33–275.16  mg/dl) 
(Table 1).

Two-way analysis of variance (ANOVA) (two factors are day and 
treatment)
When ANOVA test was applied, it was observed that in acetone 
extract, treatment along with day was found to be less significant and 
individually day found highly significant and individually treatment 
was moderately significant. Results are in the following Table 2.

Cholesterol level when treated with OEE (in ethanol solvent)
Further, in ethanolic extract, the values in control group (without any 
treatment) showed almost similar pattern from day 1 to 30. Further, 
in group treated with only plant extract, it was observed that the 
value increased when registered by day 30th post-treatment (181.5.5–
198.33 mg/dl). In group treated with radiation along with plant extract, 
it was observed that the values increased registered by day 30th post-
treatment, but it was maximum in day 30th (184.5–192.83 mg/dl) that 
values are equal to the control group. Finally, in group treated with only 
6–8  Gy radiation, it was observed that the level constantly increased 
by day 30th  post-treatment from the day 1  (222.83–262.00  mg/dl) 
(Table 3).

Two-way ANOVA
When ANOVA test was applied, it was observed that in ethanol 
extract, treatment along with day was found to be less significant and 
individually day found highly significant and individually treatment 
was moderately significant. Results are in the following Table 4.

DISCUSSION

Puttaswamy and Asna, 2016 [12], showed in vivo 
antihypercholesterolemic potency leaf extracts of Swietenia mahagoni. 
They reported that treatment with the plant samples decreased 
the cholesterol, alanine aminotransferase, high-density lipoprotein 
cholesterol (HDL-C), aspirate aminotransferase, and bilirubin levels 
and the results were dose dependent. It was reported that the plant 
possesses hypolipidemic potential and thus could be valuable in the 
treatment of hypercholesterolemic condition. Duangjai et al. [13] 
reported that different extracts of dietary plants have potent activity on 
lipid-lowering activity. They reported that the effects of some dietary 
plants including Azadirachta indica A. Juss. var. siamensis valeton 
(flowers), Bombax ceiba Linn. (pollen), Citrus hystrix DC (leaves), 
Polygonum odoratum Lour. (leaves), and Solanum torvum Sw. (fruits) on 
activity of pancreatic lipase, micellar cholesterol solubilization, and bile 
acids binding. Aqueous extract of P. odoratum reduced cholesterol level 
by 87%. Ethanolic extract of S. torvum had the highest capacity to bind 
to taurodeoxycholic acid up to 97%. Ethanolic and methanolic extracts 

Table 1: Variation in cholesterol level of irradiated mouse with and without OEE (acetone) treatment (mg/dl)

Experimental Autopsy interval

Groups Day 1 Day 15 Day 30
Group 1 control (without any treatment) 191.83±4.76 196.5±4.83 198.83±4.96
Group 2 plant (extract only) 197.5±4.90 185±4.77 178.33±4.62
Group 3 plant+R (extract‑10 mg/kg+6 Gy radiation) 190.66±4.75 199.16±5.00 195±4.79
Group 4 radiation (6 Gy) 202.33±5.02 241.5±5.15 275.16±5.26
OEE: Opuntia elatior extract

Table 2: Two‑way ANOVA

Factor Df Sum 
square

Mean 
square

F value Pr (>F) Marks

Treatment 3 1777.95 585.11 121.12 <2.2e–78 **
Day 2 10.81 7.01 4.78 0.05111 ***
Treatment: Day 6 256.37 38.65 24.441 1.15E–32 *
ANOVA: Analysis of variance
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of P. odoratum bound to taurocholic acid 75% and glycodeoxycholic acid 
40%, respectively. These findings revealed the fact that lipid-lowering 
activity of these plants was eminent by different solvents.

Gururaja et al. [14] reported the evaluation of cholesterol-lowering 
activity of various extracts of Mangifera indica in albino Wistar 
rats. They reported that significant cholesterol-lowering activity 
was observed in methanol extract of M. indica leaves, at dose of 
90  mg/kg body weight and their lethal dose was <5000  mg/kg rat 
body. Iriflophenone 3-C-β-D-glucoside and mangiferin were found to be 
in the range of 1.2–2.8% w/w and 3.9–4.6% w/w, respectively, which 
along with 3 β-taraxerol and other sterols which could be main source 
of phytochemicals responsible for cholesterol-lowering activity.

Lúcia et al., 2017 [15], reported the evaluation of phenolic compounds 
and lipid-lowering effect of Morus nigra leaves. They reported that 
hyperlipidemic rats treated with 100, 200, or 400  mg/kg of MN 
decreased serum cholesterol, triglycerides, and normalized lipoproteins. 
Furthermore, MN inhibited lipid peroxidation in liver, kidney, and brain 
of hyperlipidemic rats. They proved that M. nigra leaves are rich in 
polyphenols, mainly chlorogenic acid, which possesses normalized 
hyperlipidemic lowering activity.

Galati et al. [16] reported that the cholesterol, LDL, and triglyceride 
plasma levels were strongly reduced after 30  days of a daily 
administration (1  g/kg) of Opuntia ficus-indica L. Ennouri et al. [17] 
reported the effects of diets having adequate amount of cactus pear 
oil and seeds on serum and liver parameters, the outcomes indicated a 
significantly reduced blood cholesterol and LDL-C and increased HDL-C.

The acetone and ethanolic extract of experimental plant could increase 
the activity and mRNA expression level of CYP7A1 by promoting the 
cholesterol excretion of bile acid as its metabolite; meanwhile, it 
reduced the activity and mRNA expression level of HMG-CoA reductase 
to suppress the cholesterol biosynthesis [18].

Najib et al., 2018 [19], reported that cholesterol-lowering effects of 
extract from Garcinia daedalanthera in hyperlipidemic rats. They 
reported that G. daedalanthera extract significantly reduced the level 
of total cholesterol, total triglycerides, and LDL as compared to control 
group with an increasing level of serum HDL.

In another study investigated the protective effect of the ethanolic root 
extract of Operculina turpethum on serum lipid profile in male albino 
mice intoxicated with N-Nitrosodimethylamine [20].

In another significant study, Elaeocarpus ganitrus Roxb. extract treated 
rabbits showed significant protective effect by lowering the deposition 

of cholesterol and increasing the lumen size compared to cholesterol-
fed group [21].

CONCLUSION

Radiotherapy is deleterious to patient health by making the patient 
more susceptible to other diseases and often causes death by 
weakening the immune system. The ultimate goal of therapeutics is to 
increase the survival time and the quality of life of the patient. Recent 
research on herbal product has promising results to achieve this goal. 
Radiation-induced side effects get lowered by herbal treatment and 
herbal products do not have their own side effects on body on their 
physical and chemical processes; thus, OEE is useful to manage blood 
cholesterol level as an edible part, it is easy to use as treatment.
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