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ABSTRACT

This study attempted to examine the neuroprotective benefits 
of vitamin C and tadalafil in an experimental crush syndrome 
model induced by intramuscular glycerol injection in rats, using 
histopathological and real–time polymerase chain reaction. 
50 females Wistar albino rats were used in the study. The animals 
were divided into 7 groups: healthy control (n: 6), vitamin C (n: 6), 
tadalafil (n: 6), glycerol administered (n: 8), glycerol + vitamin C 
(n: 8), glycerol + tadalafil (n: 8), and glycerol + vitamin C + tadalafil 
(n: 8). After the 6–day experimental study, the animals were 
anesthetized and euthanized, and necropsies were performed. 
For histopathological and real–time polymerase chain reaction 
analyses brain tissues were fixed in 1% formaldehyde solution. 
Sections of 5 µm thickness were obtained from tissues processed 
by routine histological procedures and stained with hematoxylin 
and eosin. Microscopic examination revealed that glycerol 
administration caused neuronal necrosis, neuronophagia, gliosis, 
edema, congestion, endothelial cell damage, and mononuclear 
cell infiltration. Brain Natriuretic Peptide, Heat Shock Protein 70 
and Hypoxia–Inducible Factor 1–alpha expression levels were 
measured in real–time polymerase chain reaction analysis. Glycerol 
administration caused increases in Brain Natriuretic Peptide and 
Heat Shock Protein 70 levels in the brain, while it did not cause any 
significant changes in Hypoxia–Inducible Factor 1–alpha levels. 
Decreases in Brain Natriuretic Peptide and Heat Shock Protein 70 
expression levels were detected in the glycerol + Vit C, glycerol + 
tadalafil, and glycerol + Vit C + tadalafil groups. According to the 
research results, it is thought that the combined application of 
Vit C, tadalafil and Vit C + tadalafil can provide protection against 
oxidative and inflammatory stress against brain damage that may 
occur after glycerol–induced crush syndrome.
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RESUMEN

Este estudio tuvo como objetivo investigar los efectos 
neuroprotectores de la vitamina C y el tadalafilo en un modelo 
experimental de síndrome de aplastamiento inducido por inyección 
intramuscular de glicerol en ratas, utilizando histopatología y 
reacción en cadena de la polimerasa en tiempo real. Se utilizaron 
cincuenta ratas albinas Wistar hembras en el estudio. Los 
animales fueron divididos en 7 grupos: control (n: 6), vitamina C 
(n: 6), tadalafilo (n: 6), glicerol (n: 8), glicerol + vitamina C (n: 8), 
glicerol + tadalafilo (n: 8), y glicerol + vitamina C + tadalafilo 
(n: 8). Después del estudio experimental de 6 días, los animales 
fueron anestesiados y sacrificados, y se realizaron necropsias. 
Para los análisis histopatológicos y de reacción en cadena de la 
polimerasa en tiempo real y la puntuación, los tejidos cerebrales 
se fijaron en una solución al 1% de formaldehído. Se tomaron 
secciones de 5 µm de grosor de los tejidos que fueron sometidos 
a procedimientos rutinarios de seguimiento de tejidos, y se realizó 
una tinción con hematoxilina–eosina. El examen microscópico 
reveló que la administración de glicerol causó necrosis neuronal, 
neuronofagia, gliosis, edema, congestión, daño a las células 
endoteliales e infiltración de células mononucleares. Los niveles 
de expresión de Péptido Natriurético Cerebral, Proteína de Choque 
Térmico 70 y Factor Inducible por Hipoxia–1 alfa se midieron en 
un análisis de reacción en cadena de la polimerasa en tiempo real. 
La administración de glicerol causó aumentos en los niveles de 
Péptido Natriurético Cerebral y Proteína de Choque Térmico 70 
en el cerebro, mientras que no causó cambios significativos en 
los niveles de Factor Inducible por Hipoxia–1 alfa. Se detectaron 
disminuciones en los niveles de expresión de Péptido Natriurético 
Cerebral y Proteína de Choque Térmico 70 en los grupos glicerol 
+ Vit C, glicerol + tadalafilo y glicerol + Vit C + tadalafilo. Según 
los resultados de la investigación, se piensa que la aplicación 
combinada de Vit C, tadalafilo y Vit C + tadalafilo puede proporcionar 
protección contra el estrés oxidativo e inflamatorio contra el daño 
cerebral que puede ocurrir después del síndrome de aplastamiento 
inducida por glicerol.
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INTRODUCTION

Crush syndrome (CS) is a systemic condition that arises when toxic 
chemicals infiltrate the bloodstream due to severe rhabdomyolysis, 
potentially leading to fatality. [1]. Traumatic rhabdomyolysis is a 
syndrome characterized by the release of myoglobin, calcium, 
potassium, creatine kinase, lactate dehydrogenase, and various 
proinflammatory mediators into the systemic circulation due to 
damage to striated muscle cells, usually due to natural disasters, 
traffic accidents, and wars, and the emergence of various clinical 
and laboratory findings [2, 3, 4].

In muscle groups under pressure, myocytes rupture, their 
sodium, calcium, potassium, lactic acid, purines, organic acids, 
myoglobin, thromboplastin, creatinine, and creatine phosphokinase 
are released into the cell, causing damage to many organs, 
especially the kidney [4, 5]. It has been stated that these changes 
can lead to the development of hypovolemic shock, acidosis, heart 
failure, acute toxaemia, cardiac arrhythmias, respiratory failure, 
hyperphosphatemia, infections and acute renal failure [5, 6, 7, 8, 9].

Systemic complications that occur after CS can cause damage 
to the brain. Increased nitric oxide due to muscle injury causes 
vasodilation and hypovolemia, leading to reduced blood flow to 
the brain and subsequent hypoxic damage. In CS, impaired enzyme 
activities and increased Na+, K+–ATPase activities have been reported. 
After a decrease in blood flow to the brain, the brain’s energy 
metabolism is disrupted, and an energy crisis occurs. [1, 2, 3, 4].

Tadalafil is a phosphodiesterase isoenzyme type 5 (PDE–5) 
inhibitor that was first approved by the US Food and Drug 
Administration (FDA) in 2003 for the treatment of erectile 
dysfunction [5, 6]. It inhibits the PDE–5 enzyme, causing vasodilation 
in vascular smooth muscle [7]. It is absorbed more slowly after 
oral administration compared to other PDE–5 inhibitors and is 
unaffected by food and alcohol intake. Its half–life is 17.5 hours 
(h) [8, 9, 10]. In the brain, it protects by reducing neuroinflammation, 
neutralizing reactive oxygen species, suppressing neuronal necrosis 
and apoptosis, and promoting angiogenesis [11, 12].

Vitamin C is a six–carbon lactone essential for life that cannot 
be synthesized by humans, primates, and guinea pigs [13]. It is a 
powerful antioxidant that exerts its primary effect by neutralizing 
free radicals and reactive oxygen species in the body [14]. This 
antioxidant activity reduces lipid peroxidation of cell membranes 
and the risk of cell death [15]. Vitamin C has a protective effect 
against neuronal damage by inhibiting microglial activation and 
proinflammatory cytokine release in the brain [16, 17].

Brain Natriuretic Peptide (BNP) is a 32–amino acid hormone that 
was first isolated from the brain (pig) but is mostly secreted from 
the ventricles of the heart [18, 19]. Plasma or serum concentrations 
of BNP and its inactive form, N–terminal pro–B–type natriuretic 
peptide (NT–proBNP), are used clinically as biomarkers for the 
diagnosis of cardiac function and heart diseases [20, 21]. BNP 
release from astrocytes in the brain is increased, especially in 
hypoxia and stress states [22].

Hypoxia–inducible factor–1 alpha (HIF–1α) is a transcription 
factor that is a key regulator of hypoxia–induced gene expression 
[23, 24]. It is expressed at high levels in response to decreased 

oxygen levels in organs [25]. Genes regulated by HIF–1α generally 
include genes involved in oxygen homeostasis and glucose–energy 
metabolism [26]. HIF–1α activation provides protection against 
ischemic injury [27]. It plays a key role in many aspects, such as 
vascular structure, production of blood elements, proliferation and 
migration of epithelial cells, erythropoietin synthesis in the kidney, 
glucose metabolism, cellular immunity, inflammation, cancer, 
autophagy, apoptosis, and epigenetic regulation [25, 28, 29]. 

Heat shock proteins (HSPs) are molecular chaperones with a 
molecular weight of less than 100 kDa that are involved in the 
proper folding of proteins. The production of HSPs increases in 
cells exposed to temperatures of 42–44°C [30, 31]. In addition 
to heat, HSP increases are caused by factors such as hypoxia, 
infection, inflammation, toxins such as ethanol, heavy metals, 
trace metals, and UV light, as well as starvation. For this reason, 
HSPs are also called “stress proteins.” They exhibit cytoprotective 
properties and play a role in neurodegenerative disorders (multiple 
sclerosis, Alzheimer’s disease, etc.) and cancer. Furthermore, HSPs 
have been reported to exhibit neuroprotective effects in a wide 
variety of brain injuries, including ischemia and haemorrhage [32].

Glycerol is a safe agent frequently used to induce rhabdomyolysis 
via intramuscular injection [33]. In the glycerol–induced CS model, 
both macroscopic and microscopic local changes such as necrosis, 
edema, inflammatory reactions, and fibrosis in muscle fibers have 
been reported, as have systemic cytokine release and increased 
oxidative stress markers due to the release of many substances into 
the circulation [34, 35, 36]. The extent to which systemic changes 
in CS affect the brain remains largely unclear. This study aimed to 
investigate the neuroprotective effects of vitamin C and tadalafil 
using histopathological and real–time polymerase chain reaction 
(PCR) in an experimental CS model induced by intramuscular glycerol 
injection in rats. It is expected that the findings of the research will 
provide evidence of the potential central effects of CS. In this way, 
by contributing to a better understanding of this clinical condition.

MATERIALS AND METHODS

Animals and experimental design

The study was approved by the Selçuk University Faculty of 
Veterinary Medicine, Experimental Animal Production and Research 
Center Ethics Committee (SÜVDAMEK) with decision number 
181 dated 29.07.2024. In the study, 50 female healthy adult 
Wistar Albino rats (Rattus norvegicus) weighing 250–300 g and 10 
weeks old, obtained from Selçuk University Experimental Medicine 
Research and Application Center, were used. The experiment was 
terminated after 6 d. Experimental protocols were conducted in 
accordance with the European Economic Community’s animal 
welfare directives (86/609/EEC and 2010/63/EU).

During the experiment, the rats were housed in cages with a 12-h 
day (d) and 12–h nite light cycle, a room temperature of 22 ± 2°C, 
and a humidity of 50 ± 1%. Animals were divided into 7 groups, 
designated as: healthy control (n: 6, 10 mg·kg-1 physiological saline, 
first d, a single dose, intramuscular (i.m.)), Vitamin C (Vit C, n: 6, 
20 mg·kg-1 of Vit C at 24, 72 and 120th h, gavage), Tadalafil (T, n: 
6, 10 mg·kg-1 of Tadalafil at 24, 72 and 120th h, gavage), Glycerol 
administered group (G, n:8, 10 mg·kg-1·first-1 d, a single dose of 
5% hypertonic glycerol, equal amounts to both hind legs, i.m.), G 
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+ Vit C (n: 8, 10 mg·kg-1·first-1 d, a single dose of 5% hypertonic 
glycerol, equal amounts to both hind legs, i.m. + 20 mg·kg-1 Vit C at 
24, 72 and 120th h, gavage), G + T (n: 8, 10 mg·kg-1·first-1 d, a single 
dose of 5% hypertonic glycerol, equal amounts to both hind legs, 
i.m. + 10 mg·kg-1 Tadalafil at 24, 72 and 120th h, gavage) and G + 
Vit C+ T (n: 8, 10 mg·kg-1·first-1 d, a single dose of 5% hypertonic 
glycerol, equal amounts to both hind legs, i.m. + 20 mg·kg-1 Vit C 
and 10 mg·kg-1 Tadalafil at 24, 72 and 120th h, gavage). Animals 
were deprived of water 24 h before the start of the experiment. 
Throughout the trial, rats were fed regular food and water to 
drink. Euthanasia was carried out under general anesthesia at 
the conclusion of the experiment, and the brain tissues that had 
been dissected using the necropsy procedure.

Histopathological analysis

Brain tissues obtained from necropsied animals were preserved in 
1% formaldehyde solution for 24 h. They were then sliced to proper 
sizes, placed in tissue processing cassettes. The formaldehyde 
solution was then removed by washing in running water for 12 h. 
Then, using a routine tissue processing procedure (Leica, TP1020, 
Germany), the tissues were embedded in paraffin blocks, and 
5 µm thick sections were cut from the blocks using a microtome 
(Leica, RM2125, Germany) and stained with Hematoxylin and eosin 
(H&E). Brain sections were examined under a light microscope 
(Olympus BX51, Tokyo, Japan) and scored for findings of neuronal 
necrosis, neuronophagia, gliosis, edema, congestion, endothelial 
cell damage, and mononuclear cell infiltration (MCI) (0: none, 1: 
mild, 2: moderate, 3: severe).

Real Time PCR analysis

Formalin–fixed brain tissues were washed in running tap water 
for 72 h to remove the fixation solution. Total RNA isolation was 
performed using the SanPrep Column microRNA Miniprep Kit 
(Cat: SK8811, BIO BASIC) according to the manufacturer’s 
guidelines. cDNA synthesis was performed with the High–Capacity 
cDNA Reverse Transcription Kit (Cat: 4368813, Thermo Fisher 
Scientific). mRNA levels of BNP (F:5'–CACCTCTCAAGTGATCCTGTTT–3', R:5'–
GCAAGTTTGTGCTGGAAGATAAG–3'), HIF–1α (F:5'–GATGGAATGGAGCAGAAGACA–3', 
R:5'–TAACTGGTCAGCTGTGGTAATC–3'), HSP70 (F:5'–GGTCTCAAGGGCAAGATCAG–3', 

R:5'–TTTCTCAGCCAGCGTGTTAG–3'), genes were analyzed by Real–Time 
PCR device (LightCycler® 96 System, Roche, Switzerland) using the 
LightCycler 480 SYBR Green Master Mix Kit (Cat: 04707516001, 
Roche). The PCR protocol was as follows: Following an initial 
denaturation of 10 min at 95°C, the procedure comprised 40 
cycles, each consisting of 10 s of denaturation at 95°C, 10 s of 
annealing at 58°C, and 10 s of extension at 72°C. The Ct values 
acquired were standardized to the Ct values established for GAPDH 
in the same tissue and quantified using 2^–ΔΔCt.method.

Statistical analysis

IBM SPSS Statistics 22 and GraphPad Prism were used to 
compare the outcomes of histopathological and Real–Time PCR 
analyses. The Shapiro–Wilk test was applied to determine the 
normal distribution, whereas the Levene test was utilized to 
evaluate homogeneity. One–Way ANOVA and post–hoc Duncan 
testing were performed on data identified to be normally distributed 
[37]. Results were expressed as mean ± standard error of the mean, 
with a P value less than 0.05 being statistically significant.

RESULTS AND DISCUSSION

Histopathological results

For each case, neuronal necrosis, neuronophagia, gliosis, edema, 
congestion, endothelial cell damage, and MCI were evaluated, 
and lesion scores were determined (TABLE I). Mild neuronal 
necrosis, neuronophagia, gliosis, edema, congestion, endothelial 
cell damage and MCI were observed in the healthy control group. 
No substantial differences were identified in other findings 
except edema in the Vit C and T groups compared to the healthy 
control group (FIG. 1B, 1C). With glycerol administered group, 
neuronal necrosis, neuronophagia, gliosis, edema, congestion, 
endothelial cell swelling, and MCI findings were markedly elevated 
in comparison to the healthy control group (P<0.05) (FIG. 1D, 
1E). All findings were noted to be milder in the G + Vit C and G + 
T groups compared to the G group. Compared to the Vit C and T 
treatment groups, the combined treatment group (G + Vit C + T) 
showed statistically closer results to the healthy control group 
(FIG. 1F, 1G, 1H).

TABLE I 
Statistical analysis of histopathological scores of Vitamin C, Tadalafil, and combined administration of both in a glycerol–induced brain injury model

Groups Neuronal necrosis/
apoptosis Neurono–phagia Gliosis Edema Congestion Endothelial 

cell swelling MCI

Control 0.58 ± 0.20a 0.67 ± 0.11a 0.66 ± 0.17ab 0.16 ± 0.10a 0.41 ± 0.20a 0.08 ± 0.08a 0.41 ± 0.15a

Vit C 0.66 ± 0.10a 0.58 ± 0.15a 0.41 ± 0.15a 0.91 ± 0.15b 0.92 ± 0.15ab 0.16 ± 0.10a 0.41 ± 0.15a

T 0.75 ± 0.11a 0.75 ± 0.11a 0.58 ± 0.15ab 0.91 ± 0.15b 0.91 ± 0.30ab 0.33 ± 0.11a 0.50 ± 0.13a

G 3.00 ± 0.31c 2.66 ± 0.17c 2.92 ± 0.42d 1.33 ± 0.11b 2.33 ± 0.16d 2.00 ± 0.22c 1.91 ± 0.24c

G + Vit C 1.91 ± 0.30b 2.00 ± 0.18b 2.16 ± 0.21c 1.25 ± 0.21b 1.75 ± 0.17c 1.25 ± 0.21b 1.41 ± 0.15b

G + T 1.83 ± 0.25b 2.16 ± 0.24b 2.08 ± 0.30c 1.41 ± 0.15b 1.67 ± 0.11c 1.00 ± 0.18b 1.33 ± 0.11b

G + Vit C + T 1.41 ± 0.20b 1.08 ± 0.15a 1.33 ± 0.25b 1.00 ± 0.18b 1.00 ± 0.13b 0.83 ± 0.11b 0.83 ± 0.17a

* a,b,c,d Different superscript letters in the same column indicate significant statistically differences between groups according to one–way ANOVA followed by 
Duncan’s post hoc test (P<0.05). Values are shown as mean ± standard error of the mean (SEM). Vit C: Vitamin C, G: Glycerol administered group, T: Tadalafil, MCI: 
Mononuclear cell infiltration
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In the glycerol–induced CS model, there are studies in the 
literature on acute kidney failure [38, 39, 40]. While there are 
studies examining the physiological and biochemical changes that 
occur in brain tissue in glycerol–induced CS, there is limited data 
in the literature on how they are affected at the histopathological 
and molecular levels.

Myoglobin is thought to be the most toxic substance released into 
the bloodstream after rhabdomyolysis. When myoglobin breaks 
down in the renal tubules, the iron ion within it is released. Free iron 
undergoes the Fenton reaction, leading to the formation of reactive 
oxygen species (ROS). Increased ROS are not limited to renal tissue; 
they can also affect other organs via the bloodstream, resulting in 
lipid peroxidation, DNA damage, and cell death [41, 42]. The neuronal 
necrosis/apoptosis observed in the glycerol group in our study was 
thought to be due to increased ROS resulting from rhabdomyolysis. 
Myoglobin and other toxic substances act as danger–associated 
molecular patterns and activate immune cells. Following this 
activation, various proinflammatory cytokines and chemokines are 
released, activating microglia cells, resulting in sterile inflammation. 
Necrotic/apoptotic neurons are phagocytosed by activated 
microglial cells [43, 44, 45]. In the current study, mononuclear cell 
infiltration, gliosis, and neuronophagia in necrotic/apoptotic neurons 
were detected in the glycerol–treated group. Sodium imbalances 
(hyponatremia) resulting from rhabdomyolysis may trigger brain 
edema. Inflammation caused by substances entering the systemic 
circulation causes endothelial cell damage [46, 47, 48].

This study demonstrates that substances entering the systemic 
circulation because of rhabdomyolysis, either directly or through 
microglial activation, increase capillary permeability, leading to 
edema and endothelial cell swelling.

Information currently available indicates that Vit. C is a crucial 
neuroprotective agent and a part of the brain’s intracellular 
antioxidant system [49]. Vit. C reduces oxidative stress and prevents 
ROS–induced cell damage. Thanks to its anti–inflammatory activity, 

it maintains energy balance in neurones, preventing apoptosis and 
neuronal necrosis by reducing pro–inflammatory cytokine levels 
and microglial activation [16, 17, 50, 51].

Tadalafil exerts its protective activity by increasing intracellular 
cyclic GMP (cGMP) levels and activating nitric oxide signaling 
pathways. Increased cGMP levels cause vasodilation, improving 
blood flow and protecting endothelial cell functions. Tadalafil 
enhances antioxidant capacity by increasing the activity of 
antioxidant enzymes and helps reduce oxidative stress. It reduces 
proinflammatory cytokine release, suppresses microglial activation, 
and prevents apoptosis [11, 12, 52].

In the current study, Vit. C and tadalafil are thought to have 
a neuroprotective effect by reducing ROS accumulation and 
increasing the release of antioxidant genes and enzymes, resulting 
in reductions in neuronal necrosis/apoptosis, neuronophagia, 
gliois, edema, congestion, endothelial cell swelling, and MCI rates.

Real–Time Polymerase Chain Reaction results

The effects of gene expressions in brain tissues are shown 
in FIG. 2. These findings indicate that glycerol administration 
increased BNP and HSP70 mRNA transcript levels in the cerebral 
cortex compared to the control group (P<0.05), while no significant 
change was observed in HIF–1α levels (P>0.05). Glycerol + Vit 
C administration slightly decreased BNP and HSP70 expression 
levels compared to the glycerol group. G + T administration 
significantly decreased BNP expression and slightly decreased 
HSP70 expression compared to the G group. Both Glycerol + Vit C 
and G + T administrations increased HIF–1α expression compared 
to the G group, but not to a statistically significant extent.

The combined administration group (G + Vit C+T) showed 
decreased expression levels of all genes compared to the G group, 
and the expression levels were found to be similar to those in the 
healthy control group.

FIGURE 1. Histopathological images of sections from the cerebral cortex of rats, H&E. A: Healthy control group, general view of cerebral cortex, 20x. B: Vit C group, 20x. C: 
Tadalafil group, 20×. D–E: Glycerol administered group, 40×. F: Glycerol + Vit C group, 40×. G: Glycerol + Tadalafil group, 40×. H: Glycerol + Vit C + Tadalafil group, 40×. Congestion 
in vessels and perivascular edema (red arrows), necrotic/apoptotic neurons (black arrows), neuronophagia (yellow arrows) and central chromatolysis in neurons (blue arrows)
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Furthermore, according to the study results, glycerol 
administration caused a significant increase in BNP and HSP70 
mRNA transcript levels in brain tissue. BNP is a hormone 
synthesized primarily by cardiac ventricular cells with potent 
vasodilator effects, natriuretic, and diuretic effects [20]. BNP 
levels increase in parallel with increased oxidative stress in heart 
diseases. This increase in BNP levels is a protective mechanism 
aimed at minimizing the harmful effects of mitochondrial oxidative 
stress in the early stages of heart diseases [53, 54]. In this study, 
the increase in BNP expression was thought to be an adaptive 
response to prevent the harmful effects of oxidative stress and 
mitochondrial dysfunction induced by G administration.

HSP70 has been reported to suppress oxidative stress–induced 
lipid peroxidation and apoptosis, synthesize antioxidant enzymes, 
and protect cells from tumor necrosis factor–induced death by 
inhibiting interleukin–6 and nitric oxide production [55, 56]. In 
this study, the increase in HSP70 expression was interpreted as 
protecting brain tissue against oxidative stress. After rhabdomyolysis 
was induced with glycerol, decreased expression levels of BNP and 
HSP70 were observed following the combined use of vitamin C, T, 
and both. This was attributed to the neuroprotective effects of both 
due to their antioxidant and anti–inflammatory properties.

HIF–1α plays a role in cellular response, angiogenesis, 
inflammation, and target gene expression in hypoxic environments 
[25, 28, 29]. This finding showed no significant difference in HIF–1α 
expression levels between the groups (P>0.05). This was interpreted 
as indicating that intramuscular G administration caused local 
hypoxia and did not have a systemic effect, and therefore, there 
was no significant difference in HIF–1α expression levels in the brain.

CONCLUSION

A crucial approach to decreasing mortality rates among patients 
extricated from debris during disasters, including earthquakes, 
mining incidents, and natural calamities, is to be informed about 
CS treatment and protective strategies, as well as to undertake 
research that will aid in the advancement of novel therapeutic 
techniques. This research is the inaugural examination of the 
neuroprotective properties of Vit. C and Tadalafil in an experimental 
CS model caused by intramuscular G injection in rats, employing 

histopathological and Real–Time PCR techniques. According to the 
study results, tissue damage in the experimental CS model was 
reduced with Vitamin C, Tadalafil, and their combined application, 
and consequently, histopathological changes were also reduced. 
Additionally, Vitamin C and Tadalafil treatment reduced BNP and 
HSP70 expression, suggesting that Tadalafil may protect against 
oxidative and inflammatory stress like Vitamin C.
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