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Abstract

Neonatal hypoxic-ischemic insult (HII) is one of the leading causes of morbidity and mortality in newborns. It has long-term

consequences and represents a socioeconomic burden. It is an urgent issue in current neonatology. The aim of the present
pilot study was to evaluate the possible effect of sulforaphane on brain glucose uptake expressed as 18F-fluorodeoxyglucose
(18F-FDQ) activity at the acute, subacute, and subchronic time intervals after the experimental perinatal HIl in rats. Significant
protection has been observed in the hippocampus 5 weeks after the insult as represented by normalisations of interhemispheric
ratio of measured 18F-FDG activity. In conclusion, positron emission tomography (PET) with 18F-FDG revealed a protective effect
of SFN on glucose metabolism in the subchronic phase after HIl. Further research within the field of neonatal HIl in newborn rats

will be necessary.
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INTRODUCTION

Neonatal hypoxicischemicinsult (HIl) and consequent hypoxic
ischemic encephalopathy (HIE) is a serious complication in
newborns (Allen, 2012). Up to 15% to 20% of sufferers die
in the early postnatal period. Infants who survive hypoxia-
ischemia, frequently develop neurological sequelae later in
life, such as cerebral palsy, epilepsy, developmental delay,
cognitive impairment, and behavioural disorders (Edwards
et al,, 2018). The pathologic events of HIl are the result of
impaired cerebral blood flow and deficient oxygen delivery
to the brain, with resulting primary and secondary energy
failure. Nonetheless, the pathophysiologic processes of HI
are complex and evolve over time (Allen, 2012). Oxidative
stress and inflammation are important pathophysiological
factors which might impair various cellular targets, including
the glucose metabolism pathway in both the acute and
chronic periods after Hll. The latest studies show that current
treatment is only partially effective and infants still suffer from
severe brain damage and neurologic impairments (Frajewicki
etal., 2021). Nrf2 (nuclear factor erythroid 2-related factor 2) is
a transcription factor that regulates a group of genes involved
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in antioxidative action and interacts with glucose metabolism
(Heiss et al., 2013). Sulforaphane (SFN) is not a direct
antioxidant, but rather regulates expression of endogenous
antioxidative enzymes by the Nrf2 pathway (Kubo et al.,
2017). It can protect the brain after onset of injury (Dang et al.,
2012), and as well as during long-term recovery from cerebral
ischemia (Liu et al.,, 2019). The aim of the present pilot study
was to evaluate an effect of sulphoraphane on brain glucose
uptake expressed as 18F-FDG activity in the experimental
model of perinatal HiIl.

MATERIAL AND METHODS

In this pilot study, 6-day-old Sprague-Dawley rat pups, both
male and female ( ~18 g weight), were used (N=24: male,
n=12; female, n=12). The protocol for the experiment was
approved by the Animal Care and Use Committee in the
Institute of Physiology, Czech Academy of Sciences. Animals
were randomly divided into 4 groups: SHAM (n=4), SHAM+SFN
(n=4), HIE (n=8), and HIE + SFN (n=8). The number of animals
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within SHAM control groups (n=4) was lower compared to
those HIE (n = 8) because of the elaborate and challenging
experimentation pattern as well as the financial limitations
of the pilot study. On day 6, sulforaphane i.p. (5mg/kg b.w.)
was administered in SHAM+SFN (n=4), and HIE + SFN (n=8).
Perinatal HIl was induced on 7-day-old rat pups according to
the Rice - Vannucci model (Vannucci and Vannucci, 2005) in
HIE and HIE+SFN groups. Briefly, in isoflurane-anaesthetised
rat pups a left common carotid artery was isolated and ligated.
After a short recovery animals were incubated in a normobaric
hypoxic chamber (pO, 8%) for 90 minutes. SHAM and
SHAM+SFN groups underwent only the surgical procedure
without hypoxia exposure and served as controls. Micro-CT
and positron emission tomography (uCT/PET) scans were
performed to assess brain glucose uptake after 24h, 1 week,
and 5 weeks of HIE with pretreatment with sulphoraphane in
perinatal Hll in particular groups of animals. The radioactive
tracer 18F-FDGwas used forthe measurementof biodistribution
and uptake of glucose in the brain. An activity of 10 to 20MBq
of 18F-FDG (according to weight and age) in total volume
200 microliters (dissolved in sterile PBS) was injected into the
jugular vein and after 45 minutes of bio-distribution, pups were
anaesthetised and scanned in PET (30mins) a microCT. The
data were analysed in PMOD Technologies LLC, Switzerland
software with the use of Schiffer's magnetic resonance imaging
(MRI) rat brain atlas to assess 18F-FDG activity in the individual
brain regions (Sdnchez et al., 2013). All data were statistically
analysed using one-way ANOVA in Sigmaplot software and
data were expressed as mean +SEM. Statistical significance was
indicated at P less than 0.05.

RESULTS

Alterations in FDG (fluorodeoxyglucose) uptake were
evaluated after 24 hr, 1 week, and 5 weeks of perinatal HlIl.
18F-FDG activity was measured and calculated as left-
to-right ratio (L/R) in both hemispheres for an individual
neuroanatomical structure as per MRI atlas. The significant
changes were observed in the L/R ratio in the group of
SHAM+SFN after 24 hr and after 1 week of Hll, while it was
decreased 5 weeks after HIl in comparison to the SHAM group.
After 24 hr, significant differences were revealed in the
contralateral ratio 18F-FDG activity in HIE+SFN and HIE group
compared to SHAM+SFN group; see Fig. 1A. After 1 week
of HIE, there was significant difference in the SHAM, HIE,
HIE+SFN groups compared to SHAM+SFN group; see Fig. 1B.
Finally, after 5 weeks, there was significant difference also in
SHAM+SFN and HIE group compared to the SHAM group.
Moreover, we found the significant difference also in HIE+SFN
compared to theHIE group; see Fig. 1C.

DISCUSSION

Our data indicate that SFN has an important impact in the
acute phase after the HIl in newborns. 18F-FDG PET imaging
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Figure 1: Contralateral ratio of 18F-FDG activity after 24 hr
(A), 1 week (B), 5 weeks (C) after HIE. ANOVA statistics: data
were expressed as mean + SEM. (A) *P<0.05 HIE+SFN and HIE
vs SHAM+SFN; (B) ***P<0.001 HIE+SFN and HIE and SHAM
vs SHAM+SFN; (C) *P<0.05 SHAM+SFN and HIE vs SHAM ; # #
P<0.07 HIE+SFN vs HIE.
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evaluates the alterations of cerebral glucose uptake activity
after HIl. The most typical affected regions in the hypoxic
ischemic model are the hippocampus and surrounding
cortex (Huang and Castillo, 2008). The mechanism of the
SFN action has to be elucidated by further studies; however,
previously published data suggest several possible pathways.
The study of Danilov et al. (2009) revealed that sulforaphane
protects astrocytes from delayed death caused by oxygen
and glucose deprivation in an ischemia/refusion paradigm
by increasing mRNA, protein levels, and increasing Nrf2 and
HO-1 (heme oxygenase) expression. SFN activates the Nrf2/
ARE (antioxidant response element) pathway, which reduces
infarct volume, oxidative stress, and apoptotic cell numbers.
It has also been demonstrated to have a prominent impact
on motor performance in behavioral deficits (Giacoppo et
al., 2015). SFN exhibits neuroprotective properties in animal
models of neurodegeneration as it crosses the blood-brain
barrier and accumulates in the central nervous system
(Tarozzi et al., 2013). Enhanced production of Nrf2-driven
genes preserves the blood-brain barrier after brain injury
(Guerrero-Beltran et al., 2012). Narayanaswami et al. (2018)
declared that PET imaging plays a key role in central nervous
system discoveries concerning visualising and measuring
changes within metabolic processes. Since 18F-FDG is
transported into metabolically active tissue via the same
transport pathways as glucose, active regions express higher

References

signal, which allows one to distinguish highly active regions
(such as inflammation or tumour) from those affected by
necrosis (Svoboda et al., 2019). Additionally, recent preclinical
studies suggest that 18F-FDG PET can identify affected
regions in neurodegenerative disorders (Narayanaswami et
al, 2018).

CONCLUSION

In our pilot study, we demonstrated that pretreatment with
SFN led to significant protection in the hippocampus 5 weeks
after the insult as represented by both normalisations of
interhemispheric ratio and increase in measured 18F-FDG
activity. Although sulphoraphane is acting mainly through
the Nrf2 pathway, further research will be necessary to
elucidate the exact mechanism of action in HIl in newborn
rats.
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