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Abstract 

Background: The ionizing radiations are meant to target the rapidly proliferating cancer cells. However, normal cells 
such as bone marrow, gastrointestinal, and germinal epithelium are susceptible and sensitive to irradiation-induced 
damage. This study evaluated the protective effects of a synergistic oral herbal formulation PRA-5 on intestine and 
testes in mice after single dose whole body irradiation. Materials and Methods: Eighteen adult male Swiss albino mice 
(average age, 5 weeks) and body weight 25 ± 2 g were randomly divided into three groups – Group I (control group), 
Group II (single dose irradiation of 4 Gy on day 0), and Group III (PRA-5 250 mg/kg body weight 90 minutes before 
irradiation + 4 Gy on day 0 and administered orally for next 19 days at same dose i.e. 250 mg/kg body weight).              
On day 20, one mouse was randomly selected from each group and sacrificed. Specimens of small intestine and testes 
were removed, fixed, stained with hematoxylin and eosin, and observed under light microscope. Qualitative 
assessments were carried out on captured images of the specimens. Results: PRA-5 showed radioprotective effects on 
the intestinal and germinal cells. Compared with Group I, the intestinal cell specimens from mouse had a significant 
decrease in villus height and the number of total cells/crypts in Group II. In contrast, in Group III (PRA-5 treatment 
group), the decrease in villus height was not as prominent as Group II. Compared with Group I, the testes specimen 
from Group II mouse showed significant damage to the seminiferous tubules. However, in Group III, tissue architecture 
was preserved, indicating protection from radiation-induced damage. Seminiferous tubules showed all stages of 
maturation of spermatogonia. Conclusion: In this pioneering study, we observed that the oral administration of PRA-5 
provided protection against radiation-induced damage to the gastrointestinal and germinal cells in mice exposed to 
whole body irradiation.   

Keywords: PRA-5, Irradiation, Radioprotection, Polyherbal oral formulation, Histopathological changes in 
intestine and testes, Cancer. 

INTRODUCTION  

Owing to its survival and palliative benefits, radiotherapy is an effective tool for treating cancer and is 

used widely in the clinical management of cancer [1]. The ionizing radiation deposits high energy in cells, 

inducing cellular-level damage that ultimately leads to cell death. Normal cells have the ability to 

efficiently repair this damage and regain normal functional status. However, a lack of such efficiency 

makes the cancer cells more sensitive and susceptible to damage by these ionizing radiations [1–3]. The 

ionizing radiation targets cells that have higher proliferative activity and multiply faster; by inducing 

cellular-level damage, it inhibits the ability of these cells to divide and proliferate. However, normal cells 

such as bone marrow, gastrointestinal, and germinal epithelium also have high proliferative activity and 

are susceptible to damage from these ionizing radiations [4, 5]. 

Radiation damages the hematopoietic and gastrointestinal cells, and it has been observed that low- to 

moderate-dose radiation exposure could cause acute radiation syndrome in animal models [5]. Testes are 

the main reproductive organ in males and are responsible for sperm production. Similar to the 

hematopoietic and gastrointestinal cells, testes have rapidly proliferating spermatogenic cells and are 

sensitive to radiation-induced injury. The ionizing radiation causes a reduction in the size and weight of 

the testes, and testicular damage might result in sterility [6–8]. The radiation-induced effects could appear 

early (within a few weeks) or late (months to years later) [8]. Although one cannot eliminate these adverse 

events, the use of radioprotective agents is an approach that could decrease the radiation-induced 

adverse effects on normal cells [9]. Radioprotective agents are defined as “substances that reduce the 

effects of radiation in healthy, normal tissues while maintaining the sensitivity to radiation damage in 

tumor cells.” [10]. 
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PRA-5 is a patented synergistic oral herbal formulation (Indian Patent 
No. 301192) that provides effective protection against gamma 
radiation-induced deoxyribonucleic acid (DNA) damage [11]. It also 
shows antimicrobial, antioxidant, and anti-inflammatory activity [12,13]. 
A previous clinical study demonstrated the radioprotective effects of 
PRA-5 in patients receiving chemoradiotherapy for head and neck 
cancer. The clinical study was based on the analysis of serum samples 
from the patients and assessed the radioprotective activity using 
biochemical and hematological markers [14]. The present study was 
conducted to evaluate the radioprotective effects of PRA-5 in 
gastrointestinal and germinal cells using a mouse model.  

MATERIALS AND METHODS 

PRA-5 oral herbal formulation 

PRA-5 contains a combination of 100 mg each of hydroalcoholic extract 
(80% ethanol) of roots of Withania somnifera (Ashwagandha), stems of 
Tinospora cordifolia (Giloy or Guduchi); fruits of Terminalia bellirica 
(Behada), rhizomes of Curcuma longa (Turmeric) and leaves of Ocimum 
sanctum (Holy basil).  

The plant parts were shade dried, powdered individually and subjected 
to Soxhlet extraction using 80% ethanol. Thereafter, each of the 
extracts was dried using a vacuum evaporator until a constant weight 
was obtained. For the present study, 100 mg of each extract was mixed 
together and dissolved in distilled water to get the desired 
concentration. This resulting mixture was then administered at 
appropriate dosage of 250 mg/kg body weight to mice using standard 
feeding procedure. 

Animals 

Eighteen adult male Swiss albino mice with an average age of 5 weeks 
and a body weight of 25 ± 2 g were used in this study. They were 
housed in a group of six per cage at a temperature of 22 ± 1°C with a 
12 h light–dark cycle (light on 7 a.m.–7 p.m.) and had free access to the 
food and water for 7 days prior to irradiation.  

Experimental Design 

During the study, the mice were kept in well-aerated plastic boxes. 
Movement of mice was minimized by adjusting the size of small 
compartment. The mice were randomly assigned to one of the three 
groups: 

• Group I – Control (no radiation or treatment) 

• Group II – Irradiation alone; irradiated with 4 Gy on day '0' 
only 

• Group III – Irradiation + PRA-5; on day “0”, PRA-5 (250 mg/kg 
body weight) was administered orally; irradiated with 4 Gy 
after 90 minutes; PRA-5 250 mg/kg body weight per day was 
administered orally for next 19 days. 

The mice in Groups II and III received a single dose of 4 Gy radiation 
using Theratoron 780C by an Atomic Energy Regulatory Board-
approved radiotherapy technician under the supervision of a qualified 
radiological safety officer. The dose and dose rate were calculated by a 
qualified medical physicist. 

On day 20, one mouse was randomly selected from each of the three 
groups, fasted, and sacrificed by decapitation. The pathological 
examinations were carried out as per the methods described by 
Bancroft and Cook [14]. From each mouse, a part of the small intestine 
near the stomach within 1 cm was removed and fixed on a glass slide 
using Bouin’s fixative. Testes were also removed and fixed with 10% 
formalin. Sections (5 μm thick) were cut, fixed on a glass slide, stained 
with hematoxylin and eosin, and observed under a light microscope. 
The slides containing the intestine and testes specimens were 

observed under a microscope. Images of the specimens were captured, 
and qualitative assessments were carried out.  

All the experimental and animal handling procedures were approved 
by the Institutional Animal Ethics Committee on the Use of Live 
Animals in Teaching and Research of Pravara Institute of Medical 
Sciences, Loni, Maharashtra, India.  

RESULTS 

Compared with the control group, the intestinal cell specimen from the 
mouse in Group II receiving irradiation alone had a significant decrease 
in villus height and number of total cells/crypts, and there was an 
increase in the goblet cells (Figure 1). The specimen from the mouse in 
Group III receiving PRA-5 along with radiation too showed that there 
was a decrease in the villus height and number of total cells/crypts as 
compared with Group I. However, the decrease was not as prominent 
as that observed in the specimen of the mouse from Group II (Figure 
1). However, the villus height could not be restored to a normal level 
even after 20 days of treatment. 

Compared with the control group, the testes of the irradiated mouse 
from Group II showed significant damage; the seminiferous tubules 
were depleted of germ cells. There was evidence of pyknosis, karyolitic, 
and degenerative changes in germ cells (Figure 2). In the specimen of 
the Group III mouse, treatment with PRA-5 resulted in preventing 
major damage to the testes tissue architecture and various cell 
populations, including spermatogonia, spermatids, and Leydig’s cells 
(Figure 2). Most of the tubules showed all stages of the maturation of 
spermatogonia. 

 

 

 

Figure 1: Histopathology of intestine 
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Figure 2: Histopathology of testis 

DISCUSSION 

The results of this pioneering study in mice showed that oral 
administration of PRA-5 provides effective protection to the 
gastrointestinal epithelium and germinal cells from radiation-induced 
damage. The damage in the intestinal tissues of mice who received 
PRA-5 + irradiation (Group III) was not as prominent as in the mice 
receiving irradiation alone (Group II; Figure 1). In testes specimen, it 
was observed that the PRA-5-treated mice from Group III showed 
significant protection compared with the mice from Group II who did 
not receive PRA-5 (Figure 2). 

The loss of epithelial cells from the villi might be the reason for the 
decrease in villus height in the irradiated mice. It is known that 
radiation could induce the death of crypt epithelial cells and those in 
the villi. The damage to cells in the proliferative crypt region may be 
the cause of the reduction in villi height [16–19]. The villus height 
decreased in both groups. However, the damage to the gastrointestinal 
epithelium in the PRA-5-treated mice (Group III) was not as prominent 
as seen in Group II. While there was no major deformation in the 
structure of the epithelial cells, the villus height did not return to 
normal even after treatment with PRA-5 for 20 days. PRA-5 
administration reduced the severity of radiation-induced changes in 
the intestinal mucosa, as revealed by the height and structure of the 
villi. This could be possibly due to less mitotic death as well as the early 
and least migration of cells from protected crypts to villi before they 

are severely affected. The goblet cells increased compared to the 
control; however, there was no significant difference between Groups I 
and II. Samarth et al. [20], Bisht et al. [21], and Goel et al. [22] have 
reported a decrease in crypt cells in irradiated mice. Samarth et al. 
have reported gastrointestinal protection against gamma radiation 
using an aqueous extract of Mentha piperita in Swiss albino mice. They 
reported a significant decrease in the height of villi on day 2, and 
subsequently some recovery was noted at later intervals; however, 
normalcy was not achieved [20]. Jindal et al. have reported a protective 
effect of Rosemarinus officinalis extract on radiation-induced damage 
in mice [23]. The results of our study are in conformity with these 
studies.  

Irradiation-related effects led to degenerative changes in germ cells, 
and the seminiferous tubules were depleted of germ cells. While the 
damage in irradiated mice was significant, the mice receiving PRA-5 
with irradiation seemed to have averted any major damage to the 
testes. This alludes to the radioprotective effects of the synergistic 
formulation. Various studies have evaluated the use of herbal extracts 
as radioprotective agents for managing irradiation-induced effects [23–

27]. The antioxidant properties of the phytoconstituents in these tested 
drugs could inhibit lipid peroxidation and maintain cell permeability in 
the testes. These radioprotective agents show a significant increase in 
glutathione, a natural antioxidant [24–29]. High concentrations of 
glutathione have been reported in rat and mouse testes, [24] and it 
improves testicular spermatogenesis [29,30]. There is an inverse 
relationship between glutathione content and lipid peroxidation levels. 
Irradiation decreases glutathione levels, and the increased 
peroxidation results in tissue damage [24]. Studies have demonstrated 
that the herbal formulations could help in restoring the glutathione 
levels in testes [24–28,31]. The clinical study in patients with head and 
neck cancer receiving chemoradiotherapy showed that treatment with 
PRA-5 lowered malonaldehyde and increased total antioxidant status 
levels in serum [14]. We thus assume that PRA-5 could also enhance 
glutathione levels and decrease peroxidation levels.   

There is extensive evidence for the use of herbs and herbal extracts as 
radioprotective agents and their beneficial effects in mitigating the side 
effects of chemotherapy and radiotherapy [22–36]. However, despite 
this, there are hardly any approved herbal formulations available for 
prescription as radioprotective agents. In that context, PRA-5 is a well-
defined, clinically validated, and duly approved radioprotective oral 
herbal formulation for use in cancer patients. It has been duly 
approved for manufacturing and sales under the AYUSH system by the 
Government of India. Previous studies of PRA-5 have demonstrated the 
radioprotective, antimicrobial, antioxidant, and anti-inflammatory 
activities of PRA-5 [11–13]. In an animal study, PRA-5 provided 
radioprotection at the cellular level as it prevented radiation-induced 
damage to pBR 322 DNA and lymphocytes [13]. PRA-5 has been 
evaluated in patients with head and neck cancer for its efficacy and 
safety in mitigating the side effects of radiotherapy or 
chemoradiotherapy [14]. The present study is an effort to further 
elaborate its mechanism of action and generate histopathological 
evidence with reference to its radioprotective activity. The results of 
the present study indicate that the radioprotective effects are not 
limited to a particular organ or system and provide comprehensive 
radioprotection to the entire body.  

Despite all the ongoing research on using chemical and natural or 
plant-based radioprotective agents, the quest to find an ideal 
radioprotective agent continues. Herbal medicines have been used for 
centuries and are considered to be nontoxic, inexpensive, and harmless 
to humans. The need for cost-effective, safe, and efficient candidates 
has propelled researchers to look for radioprotective agents from 
herbs [37,38]. An efficient radioprotective agent provides protection to 
the majority of organs without any safety concerns. The 
radioprotective agent should be easy to administer, and oral 
administration is the most preferred route [37,38]. PRA-5 fits these 
requirements – it is orally administered, provides systemic and cellular-
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level protection against undesired effects of radiation on the entire 
body, and does not have any undesired side effects.  

A larger number of animals, a greater number of specimens, and more 
standardized parameters to assess the outcome would have made the 
study even more impactful. We used qualitative parameters, including 
quantitative outcomes, and measuring the change in villus height and 
germinal epithelial cells would have boosted the results. Nonetheless, 
the study supports the outcomes of previous PRA-5 studies. PRA-5 has 
been shown to possess immunomodulatory and antioxidant properties 
that may be responsible for its radioprotective action. The results from 
this study suggest that PRA-5 could be used as a radioprotective 
supplement in all conditions that require irradiation. 

CONCLUSION 

Along with cancer cells, normal cells with high proliferative activity are 
susceptible to radiation-induced effects. Radioprotective agents could 
help protect these normal cells from irradiation-related adverse events 
without compromising the effects of irradiation on cancerous cells. 
PRA-5 has demonstrated beneficial effects in patients receiving 
chemoradiotherapy for head and neck cancer. In this study in mice, we 
observed that the use of PRA-5 provided protection to the 
gastrointestinal and germinal cells from radiation-induced damage. 
Further clinical investigations are ongoing and will help in 
substantiating the results from this study. 
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