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Abstract-

Adult healthy Swiss albino mice were procured and maintained in the animal house of Government
Dungar College, Bikaner and provided with a balanced mice feed and water ad libitum. To investigate the
protective effect of Picrorhiza kurroa against gamma radiation-induced biochemical changes in the brain,
the animals were divided into four groups normal group, only Picrorhiza kurroa treated group, radiation-
treated group, and Picrorhiza kurroa-treated groups. The animals were exposed to different doses of
gamma radiation (2Gy, 4Gy & 6Gy) while the treatment groups received Picrorhiza kurroa 7 days prior to
irradiation. A minimum of five animals from each group were sacrificed by cervical dislocation and
autopsied at post-treatment intervals of 1, 2, 4, 7, 14, and 28 days. The brain was removed, processed, and
preserved at —20°C for biochemical analysis. The biochemical estimation of total proteins, phospholipids,
cholesterol, DNA, and RNA was carried out in the laboratory. Radiation exposure produced marked
alterations in the biochemical parameters, with changes becoming more pronounced with doses in
irradiated groups. In comparison, animals treated with Picrorhiza kurroa showed comparatively lesser
alterations and an earlier trend towards recovery, particularly after the 7th day. By the later post-treatment
intervals, the biochemical parameters showed signs of recovery in the treated groups. The comparatively
early and faster recovery observed following Picrorhiza kurroa treatment suggests its potential
neuroprotective role against radiation-induced biochemical alterations in the brain of Swiss albino mice.
The findings indicate that Picrorhiza kurroa may have protective potential against radiation-induced
oxidative and biochemical stress and may contribute to the prevention of radiation-associated neurological
damage.
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INTRODUCTION-

Ionizing radiation is deeply embedded in the modern environmental and technological landscape and
serves as a cornerstone of modern oncology, particularly in radiotherapy. However, its biological effects
present an important clinical challenge because radiation can damage both tumor and normal tissues. At
the cellular level, ionizing radiation causes direct DNA damage, including strand breaks and base
modifications, and indirectly induces injury through the generation of reactive oxygen species (ROS).
Oxidative stress develops when ROS production exceeds the capacity of the endogenous antioxidant
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defense system, resulting in oxidative damage to cellular components. ROS can promote lipid
peroxidation, protein oxidation, and damage to DNA and RNA, thereby disturbing membrane integrity,
enzyme activity, cellular metabolism, and gene expression. Oxidative damage to mitochondria can further
impair energy production and enhance ROS generation, creating a cycle of cellular injury. In addition,
radiation-induced oxidative stress can activate inflammatory pathways and contribute to tissue damage
and chronic organ dysfunction.

The brain is particularly vulnerable to oxidative stress because of'its high metabolic activity and abundance
of polyunsaturated fatty acids. Persistent oxidative imbalance may therefore promote neuronal and glial
injury, neuroinflammation, disruption of cellular membranes, and impairment of normal neurological
function. These effects may contribute to radiation-induced biochemical and structural alterations in neural
tissue. Consequently, radiation biology has focused on identifying effective radioprotective agents capable
of protecting normal tissues while preserving the therapeutic efficacy of radiation against cancer.

Parallel to these oncological challenges, global interest in herbal pharmacology has surged. Among various
natural resources, Picrorhiza kurroa Royle ex Benth. (Kutki), an alpine herb native to the Himalayan
region, stands out due to its diverse pharmacological properties. Historically utilized in Ayurvedic and
Tibetan medicine to treat immune dysfunction, inflammatory conditions, and liver ailments, P. kurroa is
rich in bioactive compounds. Its rhizomes and roots contain highly concentrated iridoid glycosides—
principally picroside I, picroside II, kutkoside, and apocynin—which drive its potent antioxidant, anti-
inflammatory, and hepatoprotective capabilities.

Scientific literature validates P. kurroa as a multi-target therapeutic agent. Research demonstrates its
capacity to suppress inflammatory markers, inhibit metabolic enzymes like a-amylase and a-glucosidase,
and enhance the body's natural enzymatic defense systems. Its therapeutic range has further expanded into
nanotechnology; for example, root extracts used to synthesize iron nanoparticles show advanced free-
radical scavenging and antimicrobial properties. Furthermore, its bioactive root oils and extracts safeguard
cellular integrity by stabilizing membranes and minimizing lipid peroxidation. This specific multi-organ
protection is highly relevant for mitigating the systemic gastrointestinal and hepatic injuries frequently
caused by radiation exposure.

However, the translation of P. kurroa into widespread clinical application faces ecological constraints. Due
to commercial overharvesting and rapid habitat loss, this valuable herb is currently categorized as
endangered. Establishing sustainable cultivation methods and rigorous conservation strategies is
absolutely essential to preserve Himalayan biodiversity and guarantee a steady supply for future
pharmacological research.

When radiation biology and herbal pharmacology converge, Picrorhiza kurroa emerges as an ideal
candidate for radioprotective research. The foundational pathways of radiation damage—cellular
inflammation, ROS generation, and tissue injury—match the precise biological targets modulated by the
plant's phytoconstituents. By neutralizing free radicals and dampening inflammatory cascades, P. kurroa
offers a promising, integrative approach to minimizing the toxic side effects of radiation exposure while
supporting systemic recovery.

MATERIAL AND METHODS
The present investigation is an attempt to study the protective action of Picrorhiza Kurroa against the
alternations produced by radiation in the brain of Swiss albino mice.
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PROCUREMENT OF ANIMALS

Male Swiss albino mice (6—8 weeks old) were procured from the animal house facility of CCS University,
Hisar, and housed in an air-conditioned room under controlled temperature and photoperiod conditions.
The animals were maintained on a standard rodent pellet diet (Brooke Bond Lipton India Limited,
Kolkata), which was occasionally supplemented with germinated gram. Tap water was provided ad
libitum. Additionally, tetracycline-medicated water was administered orally once every fortnight as a
prophylactic measure against potential infections.

SOURCE OF IRRADIATION

The animals used in the experiment were irradiated at the Radiotherapy Department of Prince Bijay Singh
Memorial Hospital, Bikaner (Rajasthan) by Theratron, a Cobalt-60 beamtherapy unit which was a source,
procured from Atomic Energy Agency Ltd., Canada.

MODE OF IRRADIATION

Whole-body gamma -irradiation was performed simultaneously for all mice using a Co60 y-radiation
source. During exposure, the animals were housed in a well-ventilated wooden chamber equipped with a
glass lid. The chamber was positioned at a source-to-surface distance (SSD) of 75 cm from the radiation
source.

During experimentation, the dose rate varied from 0.97 Gy/min to 1.97 Gy/min. The dose was calculated
at the midpoint by multiplying dose rate and tissue air ratio. The tissues of Swiss albino mice were assumed
to be equivalent to human soft tissues.

PICRORHIZA KURROA

Root extract of Picrorhiza kurroa (PKE) procured from Uma Laxmi Organics Pvt. Ltd. was used in this
study. A suspension was prepared by dissolving 500mg of extract in 100ml of distilled water. The extract
was administered orally once daily for seven consecutive days prior to irradiation.

EXPERIMENTAL DESIGN

To study the modulatory effect of Picrorhiza kurroa in the brain of Swiss albino mice against the
deleterious effect of irradiation, the mice were divided into following groups:

GROUP-I (Sham Irradiated Animals-Normal)

Animals of this group were sham-irradiated and served as normal group.

GROUP-II (Picrorhiza kurroa treated animals)

GROUP-II (Only irradiated animals)

Animals of this group were exposed to sub-lethal doses of gamma radiation from Cobalt 60 source. This
group was divided into three sub-groups, each of which was exposed to a different dose of radiation :-
Sub group Illa: 2.0 Gy

Sub group I1Ib: 4.0 Gy

Sub group Illc: 6.0 Gy

GROUP IV (Animals treated with radiation and Picrorhiza Kurroa)

Mice of this group were administered with Picrorhiza orally and were also exposed to different doses of
radiation. This group was further divided into three sub groups on the basis of radiation dose received:
Sub group 1Va: 2.0 Gy + Picrorhiza kurroa
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Sub group IVb: 4.0 Gy + Picrorhiza kurroa
Sub group IVc: 6.0 Gy + Picrorhiza kurroa

AUTOPSY:

Five animals of each group (groups Il to IV) were autopsied after cervical dislocation at each posttreatment
intervals of 1,2,4, 7, 14 and 28 days. In addition, five sham-irradiated (normal) mice were also autopsied
in a similar manner.

Immediately after the autopsy, the brain was taken out and weighed. Later on, the width and length of
brain were also recorded. Afterwards, part of brain was kept at -20° C for biochemical investigation and
the rest of brain was fixed in Bouin's Fluid for histological studies.

PARAMETERS SELECTED FOR STUDY:
The following parameters were taken into consideration

BIOCHEMICAL STUDIES
Total proteins

Cholesterol
Phospholipids

DNA

RNA

mo 0wy

RESULTS-

Exposure to 2Gy, 4Gy and 6 Gy of gamma radiation produced marked biochemical alterations in the brain
tissue of experimental mice. The magnitude of these alterations varied with radiation dose and post-
irradiation interval. In general, radiation-induced changes were more pronounced in the non-treated
irradiated groups, whereas treatment with Picrorhiza kurroa reduced the extent of alterations and promoted
comparatively earlier recovery.

Gamma irradiation caused a progressive decline in protein content, the decrease in the value was more
pronounced with higher radiation doses with the maximum reduction occurring during the later post-
irradiation period(day-14). In P. kurroa-treated animals, the decline was less pronounced (day-7) and
recovery occurred earlier, suggesting protection of cellular proteins and improvement in protein metabolic
activity.

Radiation exposure altered cholesterol metabolism, producing an incline during the initial post-irradiation
period (day-14) followed by gradual recovery on day 28. The irradiated P. kurroa-treated groups showed
an incline only till day 7, indicating a possible protective effect on brain lipid metabolism.

Gamma radiation produced changes in phospholipid content, indicating disturbance of membrane lipid
metabolism. The radiation-induced alteration was comparatively greater and/or prolonged in untreated
animals. Irradiated P. kurroa treatment reduced the magnitude of the change and facilitated restoration
towards normal levels, suggesting preservation of membrane integrity.

A reduction in DNA content following irradiation would indicate radiation-induced genomic damage
and/or degradation of cellular DNA. The extent of DNA alteration is expected to increase with radiation
dose and duration of exposure. Irradiated group treated with Picrorhiza kurroa shows comparatively better
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maintenance and recovery of DNA content would indicate a protective effect against radiation-induced
genotoxic stress.

Radiation exposure altered RNA content, reflecting disturbance of nucleic-acid metabolism and cellular
transcriptional activity. The changes were more pronounced in untreated irradiated animals, whereas
irradiated group treated with P. kurroa promoted earlier recovery of RNA levels, suggesting maintenance
of cellular metabolic and transcriptional functions.

An early recovery was noted in the Picrorhiza kurroa treated experimental groups which showed the
protective efficacy of the drug.

Variations in Total Proteins (Mean + S.E.)
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Variations in Cholesterol (Mean z S.E.)

104

Cholesterol (mg/gm tissue weight)

1-Day 2-Day 4-Day T-Day 14-Day 28-Day
Autopsy interval
== Group I (Sham-irradiated/Normal): 2,98 + 0,024 = Group Illa (2.0 Gy) =l Group [lle (6.0 Gy) B Group IVh (4.0 Gy + Picrorhiza)
W Croup Il (Picrorhiza only) B Croup [lb (4.0 Gy) WM Group IVa (2.0 Gy + Picrorhiza) B8 Group Ve (6.0 Gy + Picrorhiza)

Nole: Group I (sham-irradiated/normal) was reported as a single value (2.98 + 0.024) and is shown as a reference line. p < 0.001 for the reported experimental values.

IJFMR260587872 Volume 8, Issue 5, Sep-Oct 2026 doi.org/10.36948/ijfmr.2026.v08i05.87872 5



http://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

Variations in Phospholipids (Mean = S.E.)
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DISCUSSION-

Ionizing radiation remains one of the most extensively characterized modulators of central nervous system
integrity, and its effects on the adult brain are neither uniform nor confined to the moment of exposure.
Radiation biology has established that ionizing radiation produces cellular injury through both direct DNA
damage and indirect effects mediated by radiolysis and the generation of reactive oxygen species (Kiefer,
2012; Preston, 2004). These mechanisms can initiate oxidative stress, membrane damage, genomic
instability, apoptosis, and inflammatory responses. The consequences are particularly important in the
neurogenic regions of the adult brain, where neural stem and progenitor cells are highly radiosensitive.
The subgranular zone of the dentate gyrus and the subventricular zone contain actively proliferating neural
precursor cells that are particularly vulnerable to radiation exposure (Mizumatsu et al., 2003; Peissner et
al., 1999).

Ben Abdallah et al., (2007) demonstrated that X-irradiation significantly suppresses proliferation and
neurogenesis in the dentate gyrus of adult mice while simultaneously increasing cell death. Similarly,
cranial irradiation affecting the subventricular zone has been associated with reduced proliferation of
neural precursor cells and measurable behavioural abnormalities (Lazarini et al., 2009). KokoSova et al.
(2015) further demonstrated that prenatal gamma irradiation can produce persistent neuronal and
behavioural alterations, indicating that radiation-induced disruption of neural development and function
may have long-lasting consequences.

A major mechanism underlying radiation-induced neuronal injury is oxidative stress. Ionizing radiation
promotes the formation of reactive oxygen species, which can overwhelm endogenous antioxidant
defenses and initiate oxidative damage to proteins, lipids, DNA, and cellular membranes. Mishra (2004)
reported radiation-associated oxidative damage to cell membranes and its relationship with apoptotic
sensitivity. Lipid peroxidation is an important consequence of this oxidative imbalance and is commonly
evaluated through thiobarbituric acid reactive substances (TBARS), particularly malondialdehyde, using
the method of Ohkawa, et al.,(1979). Therefore, alterations in TBARS and reduced glutathione (GSH)
provide useful biochemical indicators for evaluating radiation-induced oxidative injury and the possible
antioxidant action of protective agents.

Oxidative stress is closely interconnected with neuroinflammation. Pawate et al., (2004) demonstrated that
cellular redox status regulates inflammatory responses of glial cells, suggesting that oxidative imbalance
can promote inflammatory signaling within nervous tissue. Similarly, Heneka et al., (2013) established an
important role of NLRP3 inflammasome activation in neuroinflammatory and Alzheimer’s disease-related
pathology. These findings are relevant to radiation-induced brain injury because persistent oxidative stress
and inflammatory signaling may amplify neuronal damage beyond the initial radiation insult. He et al.,
(2007) and Oakley et al. (2006) also demonstrated the relationship between amyloid-related toxicity,
inflammatory signaling, and neuronal death, providing further evidence that oxidative and inflammatory
pathways are interconnected mechanisms of neurodegeneration.

Evidence from studies investigating other medicinal plants further supports the potential value of
phytochemicals as radioprotective agents. Chakrawarti et al. (2012) reported free-radical-scavenging and
radioprotective efficacy of Aloe vera extract, indicating that antioxidant-rich herbal preparations may
reduce radiation-associated biochemical injury. Similarly, Chakrawarti et al. (2013) investigated the
mitigating influence of Aloe vera on radiation-associated biochemical changes in the brain of Swiss albino
mice. Histopathological observations reported by Chakrawarti et al. (2014) further demonstrated that
therapeutic plant treatment could influence radiation-associated alterations in mouse brain tissue. These
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findings are important in the context of the present investigation because they establish a precedent for
examining naturally derived antioxidant compounds as potential protectants against radiation-induced
neurological injury.

Comparable evidence has also been reported for Emblica officinalis. Purohit et al. (2010) demonstrated a
modulatory effect of Emblica officinalis on radiation-associated biochemical alterations in the brain of
Swiss albino mice. Collectively, these studies suggest that medicinal plants possessing antioxidant and
anti-inflammatory properties may influence the biochemical consequences of radiation exposure.
However, evidence concerning the neuroprotective activity of Picrorhiza kurroa against radiation-induced
brain injury remains comparatively limited. This represents an important research gap and provides a
rationale for investigating P. kurroa in the present study.

From a phytopharmacological perspective, Picrorhiza kurroa is a particularly promising candidate because
of'its rich composition of biologically active iridoid glycosides. Picroside I and picroside II are among its
principal bioactive constituents and have been associated with antioxidant, anti-inflammatory, and
hepatoprotective activities (Almeleebia et al., 2022; Raut et al., 2023). Although the hepatoprotective
effects of P. kurroa have received considerable attention, its potential benefits may extend beyond hepatic
tissues because oxidative stress and inflammatory signaling represent common mechanisms underlying
injury in several organs, including the nervous system.

The antioxidant and anti-inflammatory profile of P. kurroa is particularly relevant to radiation-induced
brain damage. Sharma et al. (2017) demonstrated that an iridoid glycoside fraction obtained from P. kurroa
attenuated cyclophosphamide-induced toxicity and peripheral nerve damage, with the protective effect
involving PPAR-y-mediated suppression of inflammatory and apoptotic pathways. Although this
experimental model differs from radiation exposure, the findings provide mechanistic support for the
possibility that P. kurroa constituents may interfere with cellular pathways involved in inflammation and
apoptosis. Kumar et al. (2016) likewise reported inhibition of pro-inflammatory cytokines, angiogenesis,
and matrix metalloproteinases following treatment with P. kurroa. Hussain et al. (2013) additionally
documented immunomodulatory effects, supporting the broader biological activity of the plant.

The therapeutic potential of P. kurroa can therefore be considered in terms of several complementary
mechanisms. Its phytoconstituents may reduce reactive oxygen species, preserve endogenous antioxidant
defenses, suppress excessive inflammatory signaling, and reduce cellular susceptibility to apoptosis. These
mechanisms are particularly relevant to the biochemical parameters examined in the present study.
Alterations in total protein, glycogen, cholesterol, phospholipids, DNA, RNA, acid phosphatase, alkaline
phosphatase, TBARS, and GSH can collectively provide an indication of radiation-induced cellular and
metabolic disturbances and the extent to which P. kurroa treatment may counteract these changes.

The biochemical methods employed in the present investigation also provide an integrated approach for
evaluating radiation-induced alterations. Protein estimation using the Folin-phenol method (Lowry et al.,
1951), DNA estimation using the diphenylamine reaction (Burton, 1956, 1963), RNA estimation according
to Munro et al.,(1966), glycogen estimation following Montgomery (1957), phospholipid estimation using
the method of Zilversmit and Davis (1950), and sulthydryl/GSH assessment based on the Ellman reaction
(Ellman, 1959; Boyne et al., 1972) allow radiation-associated biochemical disturbances to be evaluated
through multiple cellular endpoints. In particular, changes in TBARS and GSH can provide valuable
evidence regarding the relationship between radiation-induced oxidative stress and the antioxidant
capacity of P. kurroa.
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The relevance of this investigation is further strengthened by the clinical importance of radiation-induced
normal-tissue injury. Although radiotherapy is an essential component of modern cancer treatment,
exposure of healthy tissues surrounding the treatment field can produce undesirable biological
consequences. The development of increasingly precise radiation techniques has improved tumour
targeting, but protection of normal tissues remains an important consideration (Bernier et al.,2004; Jeremic
et al., 2004). Cranial irradiation is of particular concern because radiation-associated oxidative stress,
inflammation, altered neurogenesis, and neuronal damage may contribute to long-term neurological
complications (Stone et al., 2003; Lomax et al.,2013).

Within this context, the investigation of naturally occurring compounds such as Picrorhiza kurroa is
scientifically relevant. Previous studies with Aloe vera and Emblica officinalis demonstrate that medicinal
plants can influence radiation-associated biochemical and histological alterations in experimental animals
(Chakrawarti et al., 2012, 2013, 2014; Purohit et al., 2010). However, the neuroprotective potential of P.
kurroa against radiation-induced alterations in the mouse brain has not been sufficiently characterized.
The present study therefore extends the existing radioprotective literature by evaluating whether P. kurroa
can modulate biochemical and histopathological changes produced by ionizing radiation in brain tissue.
Overall, the available evidence suggests that Picrorhiza kurroa represents a promising natural candidate
for mitigating radiation-induced neurological injury. Its antioxidant, anti-inflammatory,
immunomodulatory, and anti-apoptotic properties provide a plausible biological basis for neuroprotection.
Nevertheless, the existing evidence is predominantly derived from hepatic, inflammatory, toxicological,
or non-radiation models, and direct experimental evidence in irradiated brain tissue remains limited. The
present investigation is therefore important for establishing whether the phytoconstituents of P. kurroa can
preserve biochemical homeostasis and tissue architecture following radiation exposure. Such findings may
contribute to the broader search for naturally derived radioprotective agents capable of reducing normal-
tissue toxicity while maintaining the therapeutic importance of ionizing radiation.
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Conclusion-

In conclusion, this study demonstrates that exposure to sublethal whole-body gamma-irradiation (2Gy,
4Gy, and 6 Gy) induces severe, dose-dependent oxidative stress and macromolecular damage in the
cerebral tissues of Swiss albino mice. This damage is characterized by a significant, progressive depletion
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of total proteins, structural lipids (cholesterol and phospholipids), and nucleic acids (DNA and RNA), all
reaching their peak degeneration on Day 14 post-exposure.

The administration of the phytotherapeutic agent Picrorhiza kurroa (Kutki) starting seven days prior to
exposure exerts a profound neuroprotective effect. Pre-treatment with P. kurroa successfully intercepts the
oxidative cascade, accelerating the onset of cellular recovery and shifting the damage forward from Day
14 to Day 7 across all evaluated biochemical parameters. By scavenging free radicals, mitigating lipid
peroxidation, and shielding cellular transcription and translation machinery, this herbal extract preserves
cell membrane integrity and accelerates the regeneration of proteins and nucleic acids.

These findings highlight the therapeutic potential of Picrorhiza kurroa as a potent natural antioxidant and
radioprotective agent. Its ability to safeguard healthy brain tissue from physical (radiation) suggests that
it holds significant clinical promise as an adjuvant free-radical scavenger during cancer radiotherapy.
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