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Abstract 

 
Background and purpose: Alpha-lipoic acid (ALA) is an antioxidant with radioprotective properties. We 
designed the current work to assess the neuroprotective function of ALA in the presence of oxidative stress 
induced by radiation in the brainstem of rats.  
Experimental approach: Whole-brain radiations (X-rays) was given at a single dose of 25 Gy with or without 
pretreatment with ALA (200 mg/kg BW). Eighty rats were categorized into four groups: vehicle control (VC), 
ALA, radiation-only (RAD), and radiation + ALA (RAL). The rats were given ALA intraperitoneally 1 h 
before radiation and killed following 6 h, thereafter superoxide dismutase (SOD), catalase (CAT), 
malondialdehyde (MDA), and total antioxidant capacity (TAC) in the brainstem were measured. Furthermore, 
a pathological examination was carried out after 24 h, 72 h, and five days to determine tissue damage.  
Findings/Results: The findings indicated that MDA levels in the brainstem were 46.29 ± 1.64 μM in the RAD 
group and decreased in the VC group (31.66 ± 1.72 μM). ALA pretreatment reduced MDA levels while 
simultaneously increasing SOD and CAT activity and TAC levels (60.26 ± 5.47 U/mL, 71.73 ± 2.88 U/mL, 
and 227.31 ± 9.40 mol/L, respectively). The greatest pathological changes in the rat’s brainstems were seen in 
RAD animals compared to the VC group after 24 h, 72 h, and 5 days. As a result, karyorrhexis, pyknosis, 
vacuolization, and Rosenthal fibers vanished in the RAL group in three periods.  
Conclusion and implications: ALA exhibited substantial neuroprotectivity following radiation-induced 
brainstem damage.  
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INTRODUCTION 
 

While radiotherapy is an efficient treatment 
for brain tumors, it can damage adjacent normal 
tissue (1-3). Ionizing radiation is widely 
recognized for inducing oxidative stress in 
target tissues, mostly by producing reactive 
oxygen species (ROS) (4,5). Various 
macromolecules, including malondialdehyde 
(MDA), are made as a final product of lipid 
peroxidation induced by ROS (6,7).  

Aerobic cells can strengthen their defense 
system against ROS flow by engaging in 

antioxidant activities that include both 
enzymatic and nonenzymatic mechanisms (8). 
Amongst antioxidant enzymes, superoxide 
dismutase (SOD) catalyzes O2 reduction to 
H2O2, which is then degraded by catalase 
(CAT) to H2O and O2 (9). Furthermore, prior 
research has shown that inflammation, vascular 
damage, the modified permeability of the cell 
membrane, and increased collagen synthesis 
are all important discoveries of brain tissue 
pathophysiology after radiation exposure (10).   
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Interestingly, the brainstem, located in the 
bottom region of the brain, is involved in 
essential processes such as conscious control, 
breathing, sleep, blood pressure, and pulse rate 
(11). Furthermore, the brainstem is likely 
connected to an increment of nausea and 
vomiting toxicities since the postrema inside 
the brainstem is recognized as the vomiting-
triggering area (12).  

Because free radicals largely cause 
radiation-induced cellular damage, compounds 
having direct free radical scavenging abilities 
are particularly intriguing as radioprotectors 
(13,14). The development of innovative and 
efficient agents to prevent radiation damage 
utilizing nontoxic radio-protectors is of great 
interest in the defense in therapy (15-17).  

Alpha-lipoic acid (ALA) is an endogenously 
generated coenzyme that is necessary for the 
processes of α-ketoacid dehydrogenases. Its 
antioxidant effects have lately been studied 
(18). ALA and dihydrolipoic acid, the reduced 
form of ALA, both quench a variety of oxygen-
free radical species available in the lipid and 
aqueous phases, chelates transition metals, and 
protect membrane lipids from peroxidation and 
protein degradation (19). Several studies have 
demonstrated that ALA is a strong antioxidant 
with a radioprotective impact on lung damage. 
Moreover, it has reduced the infiltration of 
many inflammatory cells, fibrosis, edema, 
vascular and alveolar injuries (20). 
Furthermore, ALA maintains the antioxidant 
state and functional structure of the cerebellum 
in the entire-body X-irradiated mice (21). The 
purpose of this study was to study the impact of 
ALA on oxidative stress induced by X-rays, 
antioxidant state, and pathological alterations in 
the brainstem of rats.  
 

MATERIALS AND METHODS 
 

Research units  
Adult male Wistar rats, weighing 180-200 g, 

were purchased from Kashan University of 
Medical Sciences' animal house, Iran. The 
animals were kept in standard plexiglass cages 
(25 (w) × 45 (L) × 20 (h) cm) with four rats per 
cage under the standard conditions (12/12-h 
light/dark, 22-24 °C, and humidity of 50-55%) 
throughout the investigations. All rats were fed 
with the standard diet food (Pars Daam Animal 
Food Co., Iran) and watered with no limitations. 

All animal studies were conducted according to 
the ethical considerations and alternatives of 
The Ethical Committee, Deputy of Research 
and Technology, Kashan University of Medical 
Sciences. (Ethic No. 
IR.KAUMS.MEDNT.REC.1400.029).  
  
Study design and radiation  

As per the methodology of the study, 80 rats 
were categorized into four groups (n = 20) 
utilizing a randomized block design, which 
included vehicle control (VC), ALA, radiation 
only (RAD), and radiation + ALA (RAL). The 
rats were moved to a facility close to the 
Siemens Primus linear accelerator an hour prior 
to the tests began (Siemens AG, Erlangen, 
Germany) (22). ALA (gifted by Raha 
Pharmaceutical Co., Isfahan, Iran) was given 
intraperitoneally to the ALA and RAL groups. 
ALA was solubilized (40 mg/mL) in 20% 
ethanol before dilution with distilled water. 
Every rat was given a 200 mg/kg solution of 
ALA (18) and the VC rats were treated with 
20% ethanol (20,23).  

The animals were anesthetized 
intraperitoneally an hour following the 
treatment by administering 60 mg/kg ketamine 
and 20 mg/kg xylazine (Alfasan, The 
Netherlands) in the prone position. The RAD 
and RAL rats were subsequently subjected to 
radiation (whole-brain) at a single dose of                  
25 Gy (24) with a dosage rate of 200 cGy/min 
in a field area of 840 cm2 at a source surface 
distance of 100 cm (24-26). The VC group 
received false radiation.  
 

Preparation of tissue sample  
Six hours following the rats were irradiated; 

they were anesthetized using intraperitoneal 
administrations of 20 mg/kg xylazine and                   
60 mg/kg ketamine (24,27). The rats’ brainstem 
tissues were extracted (n = 5 for biochemical 
tests in each group). The remaining rats were 
killed after the anesthesia process for 
pathological examinations at 24 h, 72 h, and 
five days following radiation.  
 

Biochemical analyses  
Measurement of MDA  

According to the producer's instructions, the 
enzyme-linked immunosorbent assay (ELISA) 
technique was carried out to evaluate the 
amount of MDA activity (Zell Bio, Germany).  
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Measurement of antioxidant markers  
According to the producer's protocol, the 

ELISA technique was utilized to measure the 
amount of CAT, SOD, and total antioxidant 
capacity (TAC) activity (Zell Bio, Germany). 
 

Histopathological study  
The samples underwent 48 h of fixation 

process using 10% neutral buffered formalin 
and then a dehydration procedure utilizing a 
serial dilution (70, 90, and 100%) of graded 
ethanol. Following that, the specimens were 
embedded in paraffin wax. Then, slices were 
serially cut at a thickness of 5 µm, stained with 
hematoxylin and eosin (H&E), and examined 
under a light microscope (28).  
  

Statistical analysis  
The data were reported as mean ± SD. The 

normality of the data was checked using the 
Shapiro-Wilk test, and then analyzed using one-
way ANOVA followed by Tukey's posthoc test. 
P-values < 0.05 were considered significant.  
 

RESULTS 
 
The effects of ALA on the biomarkers of 

oxidative stress  
MDA concentrations in brainstem tissue 

homogenate were measured for six h following 
radiation. MDA levels in brainstem tissue were 
considerably greater in the RAD group                  
(46.29 ± 1.64 μM) than in the VC group              
(31.66 ± 1.72 μM). MDA levels were 
considerably reduced (33.04 ± 1.16 μM) after 

pretreatment with 200 mg/kg ALA. 
Furthermore, there was no statistically 
meaningful difference in MDA levels between 
the ALA and VC groups (Fig. 1).  
 

The effects of ALA on the antioxidant 

biomarkers  
Figure 2 depicts the impacts of ALA on the 

activity of SOD and CAT in all examined 
groups. The antioxidants CAT and SOD 
activity were significantly reduced in the 
irradiated rats (RAD) compared with the VC 
group. Figure 2 shows that CAT and SOD 
activity was substantially higher in the RAL 
group compared with the RAD group.  

   
Fig. 1. The MDA levels (μM) in the brainstem tissues of 
rats in various research groups (n = 5 in each group). The 
data are provided as mean ± SD. ***P < 0.001 indicates 
significant differences compared to VC; and ###P < 0.001 
versus RAD group. MDA, Malondialdehyde; VC, 
vehicle control; ALA, alpha-lipoic acid; RAD, radiation-
only; RAL, radiation + ALA. 

 

 
Fig. 2. Enzyme activities of (A) CAT and (B) SOD in the brainstem tissues of rats in various study groups (n = 5 for 
each). Data are shown as mean ± SD. ***P < 0.001 indicates significant differences compared to VC; and ###P < 0.001 
versus RAD group. CAT, Catalase; SOD, superoxide dismutase; VC, vehicle control; ALA, alpha-lipoic acid; RAD, 
radiation-only; RAL, radiation + ALA.  
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The effects of ALA on the total antioxidant 

capacity  
Figure 3 indicates TAC activity in brainstem 

tissues was at lower levels in the RAD group 
(125.98 ± 7.27 mol/L) in comparison with the VC 
group (219.24 ± 10.36 mol/L). Furthermore, 
pretreatment with 200 mg/kg ALA substantially 
increased TAC activity in the rats’ brainstems 
(227.31 ± 9.40 mol/L). The level of TAC, 
however, did not change significantly between 
the VC and ALA groups (232.78 ± 7.02 mol/L).  

  

The effects of ALA on the histopathology of 

the rats’ brainstem    
Figure 4 depicts an evaluation of H&E-stained 

slices from control rats that indicated no 
pathologic alterations (panel A). Polymorphic 
and pyramid cells were seen in the brainstem of 
control rats. Those that received ALA (panel B) 
had a normal histological pattern as well. Many 
degenerative abnormalities were detected in the 
RAD rats' brainstems. There was no sign of 
polymorphic cells. As a result, polymorphic cells 
might be more susceptible to radiation compared 
with pyramidal ones. Congestion and pyknosis 
were observed on photomicrographs of the 
brainstems of the irradiated rats (panel C). In 
addition, microglial nodules and Rosenthal fibers 
were seen 24 h following radiation (panels D and 
E). Karyorrhexis was observed 72 h following 

radiation (panel F). Furthermore, Rosenthal fibers 
and microglial nodules were seen in the 
brainstem. Following five days, the cell 
population in the tissue was reduced (panel G). 
Following five days, the next panels showed 
hyperemia and vacuolization (panels H and I). 
Inflammation, congestion, and pyknosis were 
diagnosed at the entire time points following 
radiation. Notable pathological alterations such as 
karyorrhexis, pyknosis, Rosenthal fibers, and 
vacuolization vanished in the RAL group after 
three-time points (panels J, K, and L). 

 

  
Fig. 3. TAC activity in the rats’ brainstems in various 

study groups (n = 5 for each). Data are shown as mean ± 

SD. ***P < 0.001 indicates significant differences 

compared to VC; and ###P < 0.001 versus RAD group. 

TCA, Total antioxidant capacity; VC, vehicle control; 

ALA, alpha-lipoic acid; RAD, radiation-only; RAL, 

radiation + ALA. 

 

 
Fig. 4. A photomicrograph of the slices, stained with hematoxylin and eosin, of (A) the VC rats' brains illustrates a normal 

histological pattern of the brainstem, polymorphic, and pyramidal cells; (B) brains of ALA-administered rats indicate a normal 

structure of the brainstem; (C) the rats' brainstems following 24-h irradiation indicate (C) nuclear pyknosis (arrows), (D) 

Rosenthal fibers (arrows), and (E) microglial nodules; (F) the rats' brainstems following 72-h irradiation illustrate karyorrhexis 

(arrows); the rats' brainstems following 5-day irradiation indicate (G) reduced cell populations, (H) vacuolization; and (I) 

hyperemia; the rats' brainstems that were protected with alpha-lipoic acid indicates a normal histological pattern that contains 

polymorphic cells following (J) 24-h, (K) 72-h, and (L) 5-day irradiation. Magnification: ×400.  
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DISCUSSION 

 

There exists a lot of interest in finding and 

producing non-toxic radioprotective chemicals. 

An effective radioprotector might be useful in 

therapeutic settings that employ ionizing 

radiation. The major findings of our study 

verified ALA's radioprotective properties in the 

brainstem of radiated (whole-brain) rats (29). 

The findings of this study also showed that 

ALA effectively alleviates morphological 

degenerations induced by radiation and 

influences oxidative stress as well as 

antioxidant elements. 

Numerous researches have been conducted 

to analyze the protective impact of ALA on 

normal tissue cells (19-21,30). Nonetheless, to 

our best knowledge, this in vivo study is the first 

try to explore the protecting properties of ALA 

toward the degenerative impacts of X-rays on 

the brainstems of rats. ALA is a powerful 

antioxidant that eliminates free radicals by 

recycling alpha-tocopherol and ascorbic acid 

(31). Various investigations have indicated that 

ALA may have radioprotective properties in 

some murine organs, including the thyroid and 

intestine (32,33). Radiotherapy degenerates 

cells and tissues through DNA interaction or the 

production of harmful free radicals. 

Nevertheless, free radicals are responsible for 

above two-thirds of the degenerative properties 

(34). MDA levels rise when ROS interacts with 

the unsaturated forms of membrane free-fatty 

acids, indicating lipid peroxidation activity. 

The anti-lipid peroxidation (radiation-induced) 

activity of ALA is owing to its free-radical 

scavenging abilities (35-37). Our research 

results are in agreement with the findings in the 

brain tissues, shown by Manda et al. which 

demonstrated that the protective properties of 

ALA pretreatment regarding MDA content 

were greatest in the brain when compared to 

other tissues, including the testis, kidney, 

spleen, as well as the liver (19). According to 

previous researches, ALA is extremely efficient 

in protecting against lipid peroxidation induced 

by stress (38,39).  

Moreover, the whole-brain X-raying of rats 

reduced CAT and SOD activity in brainstem 

tissues, most likely due to oxidative enzyme 

inactivation leading to increased ROS 

generation (2,40). Nevertheless, the ALA 

treatment of rats led to a rise in antioxidant 

enzyme activity and a reduction in lipid 

peroxidation (30). Notably, Said et al. 

demonstrated ALA's antioxidant ability 

through restored levels of GSH and CAT 

activity, as well as preventing the lipid 

peroxidation process in radiation-exposed 

animals treated with ALA compared with those 

that were not received ALA (41). As a result, 

the level of TAC in the rats’ brainstem tissues 

was substantially greater in the RAL group than 

in the RAD group. Accordingly, Manda et al. 

demonstrated that TAC plasma levels in ALA 

pretreatment groups were considerably greater 

than in their equivalent VC groups within 

cerebellum tissue (21).  

Histopathological investigations revealed 

that the brainstems of the VC and ALA groups 

show a normal histological pattern, including 

polymorphic and pyramid cells, which is 

consistent with our biochemical test results. 

Alpha-lipoic acid can neutralize free radicals 

directly and has been shown to reduce 

radiation-induced oxidative stress (21). Given 

that ionizing radiation induces oxidative stress 

via the generation of reactive oxygen species 

(ROS) and free radicals in irradiated tissue (23). 

We expected that according to the results of 

previous studies on other organs (18), the 

treatment group alone did not have any 

pathological changes. According to our 

expectations, no harmful effect of ALA was 

seen in brainstem tissue either. Rosenthal fibers 

and microglial nodules were found in 

photomicrographs of the irradiated rats’ 

brainstems 24 and 72 h following radiation. 

However, karyorrhexis was only observed 72 h 

following radiation. The tissues showed 

reduced cell population, hyperemia, and 

vacuolization following five days. 

Furthermore, inflammation, congestion, and 

pyknosis were observed at all time periods. 

Previously, histopathological alterations in the 

brain of rats exposed to γ-radiation were 

studied, including pyknosis, vacuolization, as 

well as focal gliosis (42). Also, pathological 

alterations, including microglial and 

inflammatory reactions, were found in the brain 
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tissue of the rats following a dose of 20 Gy 

administered to the entire brain (43).                           

Our findings are aligned with the findings 

indicated by Manda et al. They found that ALA 

treatment decreases or eliminates a variety of 

pathological abnormalities in cerebellum-

irradiated mice, including Purkinje cell 

migration, vacuolation, and necrosis (21,44). 

Polymorphic cells, contrary to pyramid cells, 

were not seen in the irradiated groups, possibly 

attributed to their susceptibility to radiation. At 

three time points, before radiation, ALA 

treatment eliminated part of the damage 

induced by radiation within the brainstem, such 

as karyorrhexis, pyknosis, vacuolization, and 

Rosenthal fibers.  

 

CONCLUSION 

 

Overall, our data suggest that ALA may 

have a neuroprotective activity against 

oxidative stress induced by radiation and 

pathological modifications in the brainstems of 

rats. As a result, using this drug may allow 

patients to be exposed to greater radiation doses 

during radiotherapy, improving their life 

quality and therapeutic ratios. Nonetheless, 

additional clinical and experimental research is 

needed to reach a reliable conclusion in this 

respect. 
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