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ABSTRACT

OBJECTIVE: Congenital hypothyroidism (CH) is literally described as congenital thyroid hormone imperfection. The primary
objective of this research was to reveal the possible relation between receptor-acting protein kinase 3 (RIPK3) activity and
neuronal damages in rat pups with CH. In addition, we evaluated the favorable impacts of 3.6-dibromo-a-([phenylamino]
methyl)-9H-carbazole-9-ethanol (P7C3) reducing RIPK3 activity.

METHODS: Adult rats were accordingly assigned into four groups: Group 1, which is called congenital hypothyroid; Group 2,
which is called congenital hypothyroid administered P7C3; Group 3, called CH administered P7C3 and L-thyroxine; and Group
4, control group. RIPK3 level in plasma concentration and its expression in tissue was determined in all groups.

RESULTS: Increased RIPK3 expressions were detected as high in the CH group when it is compared to the control group.
Furthermore; the expressions in neuronal cytoplasm were found similar among Groups II and III. RIPK3 expressions in those
two groups were relatively higher than in the control group. Most reacted parts of the brain were especially Purkinje cells in
the cerebellum.

CONCLUSION: It is concluded that there is excellent parallelism among damaged neurons and high RIPK3 activity in CH
pathogenesis. P7C3 compounds may have a safeguarding impact on CH due to decreasing RIPK3 activity.

Keywords: Congenital hypothyroidism; rat; receptor-acting protein kinase 3 activity,; 3.6-Dibromo-a-([phenylamino] methyl)-9H-carbazole-9-ethanol.
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Congenital hypothyroidism (CH) is the most treat-
able cause of mental retardation [1]. Thyroid hor-
mones (THs) are essential in terms of neurogenesis,
myelination, neuronal migration, and synaptogenesis.
Decreased thyroid hormone levels have been associated
with changes that are irreversible after thyroid hormone
supplementation including insufficient axon myelination,
reduced interhemispheric connections, and white matter
volume [2, 3]. Thus, many structural defects in gross mo-

tor experience, optical processing, optical attention, and
event memory in the first trimester, as for maternal defi-
ciency of TH (3, 4]. Efficacious treatments for CH pri-
marily rely on several factors such as diagnosis at an early
stage and determination of the optimal dose and timing
of TH replacement. The lower and larger dose of levothy-
roxine which is known as synthetic thyroid hormone may
solely bring about more inferior consequences and sign of
excessive thyroid hormone itself, respectively [3, 5].
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3.6-Dibromo-o.-[(phenylamino) ~ methyl]-9H-car-
bazole-9-ethanol (P7C3) is a novel neuroprotective and
pro-neurogenic small molecule [6, 7]. It promotes the
continuation of neurons and safeguards the hippocampus
neural progenitor cells through the mechanism Nicoti-
namide Phosphoribosyltransferase activation and restora-
tion of intracellular nicotinamide adenine dinucleotide
(NAD") levels. Recent studies have reported that neuro-
protective properties of P7C3 in different rodent mod-
els of neurodegeneration, including Parkinson’s disease,
amyotrophic lateral sclerosis (ALS), psychological stress-
related hippocampal cell death traumatic brain injury, pe-
ripheral nerve crush injury, and stroke. In the mentioned
surveys, behavioral protection was afhiliated with direct
neuroprotective efficacy on neurons, without modulation

of preceding pathological hallmarks of the disease [8].

In an animal study performed by Dogan et al. [9],
protective effects of P7C3 have been reported in experi-
mental CH in rat pups.

Receptor-interacting protein kinase 3 (RIPK3) trig-
gers pro-inflammatory cell death termed necroptosis,
which is defined as a caspase-independent, regulated,
and morphologically necrosis-like death pattern [10,
11]. Increased RIPK3 levels and expressions are re-
ported in various neurodegenerative diseases including
Alzheimer’s disease (AD), ALS, Multiple sclerosis (MS),
and Gaucher disease (GD) [12-15]. However, little has
been known as to the relationship between RIPK-3 and
CH neuronal effect.

Accordingly, in the current investigation, a rat pup
model of CH induced by methimazole (MMI) was uti-
lized to examine the alteration of plasma RIPK3 con-
centrations and brain expressions. Finally, the effects of
P7C3 supplementation on RIPK-3 tissue expressions
and concentrations were also evaluated. This study
might provide a high contribution to the potential role
of RIPK3 for neuronal necroptosis in neonatal rats born

with hypothyroidism.

MATERIALS AND METHODS

Animal Exposure

Authorization for the analysis was acknowledged by the
Local Ethics Board of Cumhuriyet University (Decision
no: 145/2018). Male and female rats which are known
as Wistar rats were experimentally mated in the labora-
tory preserved at a degree of 22—-24°C and 55% humid-
ness within a 12-h light/1 2-h dark cycle (light between

Highlight key points
e RIPK3 may act as a marker in the detection of neuronal
damage caused by congenital hypothyroidism.

e P7C3 molecule, which has beneficial effects in other neu-
rodegenerative diseases, decreased brain RIPK3 levels of
rats with congenital hypothyroidism.

e However, the treatment protocol in which levothyroxine was
added to P7C3 resulted in further reductions in RIPK3 levels
in the brain.

e Therefore, RIPK3 may serve in the diagnosis and monitoring
of the treatment in congenital hypothyroidism.

6:00 am and 6:00 pm). The actualization of vaginal plugs
was contemplated as gestation day 0 (GD 0). A colony
of eight pregnant rats was randomly and equally catego-
rized into 4 groups.

+ Group I (n:6): MMI given the figures in the brackets
(0.025% wt/vol) was conducted in a day in drinking
water to the rats, which are pregnants ranging from
day 9 of gestation to postnatal day 21 (P21) to pro-
duce pups within the CH

+ Group II (n:6): MMI given the figures in the brackets
(0.025% wt/vol) was conducted daily in drinking wa-
tet to the pregnant rats ranging from day 9 of gestation
to P21. Furthermore, the date mentioned from P1 to
P21, the rat pups were accordingly conducted P7C3
(Tocris Bioscience, Bristol, UK, CAS no: 301353-96-
8) at a dose of 10 mg/kg/day via oral gavage

+ Group III (n:6): MMI (0.025% wt/vol) was con-
ducted on a daily base in drinking water to the rats
which are pregnant ranging from day 9 of gestation to
P21. From P1 to P21, the rat pups were accordingly
conducted with P7C3 at a dose of 10 mg/kg/day via
oral gavage and levothyroxine (L-thyroxine) dissolved
in 0.9% NaCl at a dose 7.5 pg/day/kg was injected

subcutaneously

+ Group IV (n:6): The pregnant rats, in the end, were
fed truly ad libitum and optimum tap water except for
MMI ranging from GDO to P21. The rat pups also
were truly fed breast milk coming from their lactating
mothers and also were captured in the identical cage
as their own dams until P21.

Blood Samples

Blood samples were obtained from all of the rat pups to-
wards pediatric lavender top tubes (Becton Dickinson,
UK). Following centrifugation, at 4°C some 15 min at
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3500 rpm, and resulted the plasma was aliquoted and
immediately frozen at —80°C (Wisecryo, Korea). To
figure the eflicacy of MMI administration, free thyroxin
(fT'4) concentrations of the pregnant rats were revealed
in the 2 week of gestation.

Assessment of Plasma freetnd4 and RIPK3
Concentrations

The style which has been known as a quantitative sand-
wich ELISA was utilized with the purpose of the clarifi-
cation of plasma RIPK3 level. The mentioned tests were
conducted accordingly with the manufacturer’s advice.
The kits’ values calculated according to the intra-assay
and inter-assay CV ones were <10% and <12%, respec-
tively. FreeT4 levels were measured using electrochemi-
luminescence method (Roche, Germany).

Detection of RIPK3 Expressions in Central Nervous
System Tissues

The whole brain was removed at necropsy, and the mor-
phological alterations were observed according to macro-
scopical criteria. The brain tissues were fixed in buffered
formalin 10% and ordinary tissue follow-up was imple-
mented. After embedding of tissues by sagittal cutting
into paraflin wax, slices of 6 pm thickness of the sub-
stance were taken from the paraffin blocks. During exam-
inations, it was utilized from localizations enumerated
within the neonatal rat brain atlas (Ramachandra and
Subramanian, 2011). For showing RIPK3 activity in the
tissues, avidin-biotin complex peroxidase (ABC-P) was
preferred. The pieces obtained from the paraffin blocks
were received by xylol and ethanol series (5 min for each),
and afterward deparaffinized and rehydrated. All sec-
tions were also digested for 10 min utilizing proteinase K
at 45°C. In this case, all sections placed in citrate buffer-
EDTA (pH:6.0) were preserved in a microwave oven at
750 W for 20 min and the antigenic determinants were
disclosed. To eradicate endogenous peroxidase activ-
ity, the tissues were preserved in 3% hydrogen peroxide
(H,0,)-methanol solution lasting for 20 min. Non-spe-
cific protein activity was hindered using blocking serum
(Novocastra, Leica). Incubation with RIPK3 primary an-
tibody (polyclonal rabbit anti RIPK3 antibody- Antibod-
iesonline.com, ABIN2792102, at 1/200) was performed
at 45°C overnight at +4°C. The rest of the procedure
was performed in accordance with the ABC-P staining
method (Novocastra, Leica). In the regulation, the tissue
slices were also truly rinsed twice for 5 min each time,

using phosphate buffered saline (PBS) at the end of each
phase, except for the protein blocking phase. In order for
the control slices, PBS was preferred in reverse of the
primary antibody in the negative control. As a positive
control, mice brain was used for showing cross-reaction.
Diaminobenzidine was used as chromogen, while Gill's
hematoxylin was used as cross staining. The slices were
fixated using a non-aqueous mounting medium.

All of the results were semi-quantitatively obtained
by utilizing a light microscope at x40 magnification;
field counting was implemented 10 times and the average
value was computed (Olympus BX51). For the calcula-
tion of mean (%)*standard deviation, the mean rates
were entered in one of the columns on the Excel spread-
sheet (Microsoft Excel Program).

Statistical Analysis

The regular dispersion of data was calculated with the
Shapiro-Wilk test. Numerical volatilities were indicated
as mean+SD. The analysis of variance (ANOVA) anal-
ysis and Greenhouse-Geisser modification were utilized
to measure the plasma RIPK-3 concentrations within
groups, and the Tukey’s diversified contrasting analy-
sis was adopted in all dual comparisons. ANOVA and
Bonferroni’s post-hoc tests were selected to measure
histopathological rates within groups. Data analyses
were executed with GraphPad Prism version 7.00 for
Windows software (GraphPad Software, La Jolla Cali-
fornia USA, www.graphpad.com).

RESULTS

Plasma RIPK-3 and FreeT4 Concentrations

Plasma FreeT4 (FT4) concentrations of pregnant rats
in the 2™ week of gestation were given in Table 1. Mean
plasma RIPK-3 levels were 8.2+1.8, 7.6+2.8, 5.65+3.1
and 5.58+1.16 pg/mL in Group1, Group 2, Group 3, and
Group 4, respectively. Plasma RIPK-3 levels were found
higher in Group 1 compared to the control group and
Group 4. Higher RIPK-3 concentrations also found in
Group 1 compared to Group 3 but the differences between
groups were not statistically significant (p=0.159) (Fig. 1).

RIPK3 Expressions in Brain Tissue
Cerebrum

The moderate reactions were localized in the cyto-
plasm of migrational neurons of the brain cortex in
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TABLE 1. Plasma fT4 concentrations of pregnant rats in the
second week of gestation

Groups Pregnant rats fT4 (ng/dL)
Group 1 PR1 0.64
PR2 0.7
Group 2 PR1 1.2
PR2 0.8
Group 3 PR1 0.55
PR2 0.41
Group 4 (control) PR1 2.34
PR2 2.13

Results are expressed as mean+SD with 95% confidence intervals. PR: Pregnant
rat; fT4: Free thyroxin; TSH: Thyroid stimulant hormone; SD: Standard deviation.

TABLE 2. Scoring of RIPK3 expression in fore brain, mid
brain and hind brain

Experimental groups Cerebrum Cerebellum
Mean+SD Mean+SD
Group I 24.2+2.4 31.2+1.9
Group II 12.2+2.1 10.6+2.8
Group III 1.9+2.8 4.2+2.6
Group IV 0 0

RIPK3: Receptor-interacting protein kinase 3; SD: Standard deviation.

6 rat pups. However, myelin of substantia alba also
gave mild reactions in 6 rat pups in Group L. In Group
II, the distribution of positivity’s was found higher
(p<0.01) than that of Group III in spite of lower than
Group I (p<0.01). The density of positivity’s was less
when compared to the first group in terms of regions
of the brain cortex. The migrational neuron reactions
were seen in 5 of rat pups in Group II and 3 of the
rat pups in Group III. Myelinic reactions in substantia
alba were observed mildly in 3 rat pups for each group.
However, one rat pup in Group II and 3 rat pups in
Group III did not give any reaction in the cerebral cor-
tex. In addition, any reaction was also not observed in
other parts of the cerebrum in these animals. In Group
IV or control group, the reactions were not seen in any
pups except cytoplasmic positivity in a couple of migra-
tional neurons. The differences were found meaningful
statistically when compared to other groups (p<0.01
for each group) (Fig. 2a—d).
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FIGURE 1. Plasma receptor-acting protein kinase 3 concen-
trations.

FIGURE 2. Receptor-acting protein kinase 3 (RIPK3) expres-
sions in cerebrum tissue. (A) Strong RIPK3 positivity’s in
cytoplasms of migrational neurons (arrows), Group I, x250,
avidin-biotin complex peroxidase (ABC-P). (B) Moderate
RIPK3 positivity’s in cytoplasms of migrational neurons (ar-
rows), Group II, x250, ABC-P. (C) Mild RIPK3 positivity’s
in cytoplasms of migrational neurons (arrows), Group III,
%250, ABC-P. (D) A few RIPK3 positivity’s in cytoplasms of
migrational neurons (arrows), Group IV, x250, ABC-P.

Cerebellum

In Group I, cytoplasms of Purkinje cells in particular,
and granular cells, as well as myelin in substantia alba,
gave moderate reactions in all the pups. Especially, Pur-
kinje cells gave more reactions in those cases when com-
pared to granular cells and myelin. In Groups II and III,
other neurons and myelin gave mild reaction in 3 of rat
pups in the second group and 2 of rat pups in the third
group. The rest of the rat pups of Groups II and III did
not give any specific reaction in either Purkinje-granular
cells or myelin. The differences in terms of positivity’s in
those cells between Group I and Group III were found
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FIGURE 3. Receptor-acting protein kinase 3 (RIPK3) expres-
sions in cerebellum tissue. (A) Strong RIPK3 positivity’s in
cytoplasms of Purkinje cells (arrows), Group I, X250, avid-
in-biotin complex peroxidase (ABC-P). (B) Moderate RIPK3
positivity’s in cytoplasms of Purkinje cells (arrows), Group
IT, x250, ABC-P. (C) Mild RIPK3 positivity’s in cytoplasms of
Purkinje cells (arrows), Group III, X250, ABC-P. (D) No any
positivity’s in Purkinje cells, Group IV, x250, ABC-P.

meaningfully (p<0.01). The same statistical differences
were found between Groups I and III and also Group
IT and III. Finally, Group IV or control group, there was
no meaningful reactions. The previous three groups were
different as regards to statistical analysis (p<0.001 for
each group) (Fig. 3a—d).

The scores in all groups are demonstrated in Table 2
and Figure 4. The RIPK3 expression-maps were given
according to the group in visual brain atlas (Fig. 5).

DISCUSSION

In the present research, we searched on the role of
RIPK3-mediated necroptosis in the pathology process
of CH and the neuroprotective effect of P7C3. The main
findings are indicated as follows (i) increased RIPK3
expressions were found in CH group of cerebrum and
cerebellum compared to control group, (ii) lower cere-
bral and cerebellar RIPK-3 expressions were detected in
P7C3 administrated group than CH group, and (iii) de-
creased expressions cerebral and cerebellar RIPK-3 ex-
pressions have been found in both P7C3 and levothyrox-
ine administrated group than only P7C3 administrated
and CH group.

In the present study, we determined increased tissue
RIPK-3 expressions localized in different parts of the
cerebrum and cerebellum and plasma RIPK-3 levels in
CH group compared to the control group. Although
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FIGURE 4. Colored points showing density of receptor-acting
protein kinase 3 expressions in experimental groups and
colored bar scale in mean positivity in 10-High Power Fields.

FIGURE 5. The receptor-acting protein kinase 3 expression-
maps were given according to group in visual brain atlas.

previous studies have been reported the possible role
of RIPK-3 in neuronal necroptosis, it's unclear to what
extent RIPK-3 to CH [16, 17]. Yang et al. [16] found
that RIPK3/MLKL signaling might play an important
role in the modulation of microglia and macrophages in
the ischemic cortex. The researchers also reported higher
RIPK-3 m(RNA) expressions in vitro model of cerebral
ischemia-reperfusion injury. Decreased RIPK-1, AD-re-
lated proteins such as Amyloid-beta and Tau levels were
detected in aluminum treated primary cultures of new-
born mice cortical cells after administrated neuropro-
tective substance [18]. Mohan et al. [19] reported that
increased apoptosis due to maternal thyroid hormone
deficiency in rats. Recently, it has been shown aerosol-
ized thyroid hormone or the use of the thyroid hormone
mimetic sobetirome-associated with decreased apopto-
sis in alveolar epithelial cells. Accordingly, we think that
decreased thyroid hormone levels in the prenatal period
related to the increased RIPK-3 expressions.
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In this study, mild and moderate RIPK-3 reactions
were detected in the cytoplasm of emigrational neurons
of the brain cortex and in the myelin of substantia alba in
CH group, respectively. In addition, moderate RIPK-3
reactions were determined in the cytoplasms of Purkinje
cells, granular cells and myelin part of substantia alba.

TH deficiency causes wide range abnormalities in the
offspring including defective in the neuronal migration,
reduced myelination, growth of axons, and dendrites
which are associated with motor, visual, and auditory
functions [20]. Hypothyroidism also associated with
other histomorphological changes within the cerebel-
lum, involving fostered neuronal death with the internal
granular layer, fostered perdurance of the external granu-
lar layer, defects within granular cell migration, impaired
Purkinje cell dendritogenesis, delayed myelination, and
increased cellapoptosis [21]. In two animal models of MS
and in culture showed that RIPK1-RIPK3-dependent
necroptosis mediates oligodendrocyte degeneration and
inflammation in vivo [14]. In this context, as we showed
in our study, such kind of neuronal defects linked to in-
creased RIPK3 in hypothyroidical next generations may
create an alteration in histoarchitecture in the central
nervous system. Thus, we think that related decreased
myelination and the other abnormalities in Purkinje cells
due to CH may be associated with increased RIPK-3 ex-
pressions in the cerebrum and cerebellum, and also cause
motoric and functional skill disabilities in next-genera-
tion suffered from hypothyroidism.

In our study, decreased cerebral and cerebellar
RIPK-3 expressions have been found in P7C3 and
levothyroxine (L-thyroxin) administrated and only
P7C3 administrated groups. A recent study has been
shown hypothyroidism as an inducer of oxidative
stress [22]. In both thyroid status (hyper and hy-
pothyroidism), increased oxidative damage has been
demonstrated related with the increased lipid perox-
idation (LPO) and the inhibition of enzymatic and
non-enzymatic antioxidants [23, 24]. Recent results
demonstrated that CH induces reactive oxygen species
production, which is affiliated with LPO and GSH
depletion, these results suggest that hypothyroidism
causes redox imbalance and oxidative stress in the cere-
bral cortex of immature rats. It has been reported that
increased oxidative stress in granulosa cell and oocyte
necroptosis due to RIPK signaling pathways [20].In a
study RIPK3 has been associated with microvascular
ischemia-reperfusion injury through increased xan-
thine oxidase-dependent oxidative damage. NAD* and

its phosphorylated forms NADP* and NADPH have
an important role in reducing oxidative stress [25].
P7C3 restores cellular NAD*. Therefore, we specu-
lated that restored NAD* levels due to P7C3 related
to the decreased expressions of RIPK-3 in CH rat
pups. Decreased oxidative stress has been reported af-
ter levothyroxine treatment in patients with hypothy-
roidism. Masullo et al. [26] reported significantly de-
creased levels of malonaldehyde and increased catalase
activity in female hypothyroid patients. Ates et al. [27]
found decreased oxidant status and increases antiox-
idant status following the 6 months of levothyroxine
replacement in hypothyroidism.

Therefore, we postulate that decreased expressions of
RIPK-3 might have a role in the molecular mechanism of
lower oxidative stress after levothyroxine replacement ther-
apy together with neuroprotective-P7C3 although a mater-
nal deficiency in TH may trigger increased oxidative stress
in developing brain and subsequently RIPK3-intermedi-
ated neuronal alterations. However, new studies should be
designed to define the molecular basis for this effect.

Conclusions

RIPK-3 is a useful marker for showing necroptosis sig-
nals in neuronal damages in maternal hypothyroidism.
P7C3 has the negative effect of RIPK-3 expressions in
the cerebrum and cerebellum of CH rat pups. The com-
bination of P7C3 and L-thyroxine combination might
be more beneficial in decreasing RIPK-3 related necrop-
tosis. This study first explored the role of RIPK-3 in the
experimental RIPK3 CH.
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