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Bilateral Superior Cervical Ganglionectomy and Melatonin Levels in Rat
Subarachnoid Hemorrhage Model: Simple Precautions May Preserve Melatonin

Levels

Sican Subaraknoid Kanama Modelinde Bilateral Superior Servikal Ganglionektomi ve Melatonin
Seviyeleri: Basit Onlemler Melatonin Diizeylerini Koruyabilir
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ABSTRACT

Aim: Subarachnoid hemorrhage (SAH) is a serious disease, and it is thought that melatonin
may have positive effects after SAH. Bilateral resection or blockage of superior cervical
ganglions has constant effects on melatonin levels. Animal models with bilateral superior
cervical ganglionectomy (SCG) show the role of superior cervical ganglion on melatonin and
give clues about simple precautions which may help to prevent unfavorable outcomes in SAH
patients. The aim of this study is to examine how melatonin levels change in SAH and SCG
models.

Material and Methods: Forty-two Sprague Dawley male rats weighing 200-250 g were used
in the study and randomly divided into six groups. Arterial blood samples were collected 24
hours after the procedure in all groups. Serum melatonin levels of the groups were studied.
Results: A significant difference in blood melatonin levels was observed between SAH and
SCG groups, and against the control group. There was no significant difference between the
melatonin levels in SCG group and SAH+SCG group (p=0.983). The mean blood melatonin
level of the SAH group was higher than the SCG (p<0.001), SAH+SCG (p<0.001) and control
groups (p=0.001). The mean blood melatonin levels of SAH+SCG and SCG groups were lower
than the mean blood melatonin levels of the other groups and also the SAH group (p<0.001).
Conclusion: Bilateral SCG significantly inhibited the abrupt increase of serum melatonin
levels after SAH model in rats. Future studies aiming to address melatonin’s complex
outcomes should take into account that minor exogenous factors may affect serum melatonin
levels.
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0z

Amag: Subaraknoid kanama (subarachnoid hemorrhage, SAH) ciddi bir hastaliktir ve SAH
sonrast melatoninin olumlu etkileri olabilecegi diistiniilmektedir. Superior servikal
ganglionlarin bilateral rezeksiyonu veya blokaji melatonin seviyeleri lizerinde sabit etkilere
sahiptir. Bilateral superior servikal ganglionektomili (superior cervical ganglionectomy, SCG)
hayvan modelleri, superior servikal ganglionun melatonin iizerindeki roliinii gostermekte ve
SAH hastalarinda olumsuz sonuglarin 6nlenmesine yardimer olabilecek basit 6nlemler
hakkinda ipuglar1 vermektedir. Bu ¢alismanin amaci SAH ve SCG modellerinde melatonin
diizeylerinin nasil degistiginin incelenmesidir.

Gereg¢ ve Yontemler: Calismada 200-250 g agirliginda kirk iki adet Sprague Dawley erkek
sican kullanildi ve rastgele sekilde alt1 gruba ayrildi. Tiim gruplarda islemden 24 saat sonra
arteriyel kan ornekleri alindi. Gruplarin serum melatonin diizeyleri ¢alisildi.

Bulgular: SAH ve SCG gruplari arasinda ve kontrol grubuna kars1 kan melatonin diizeylerinde
anlaml farklilik gozlendi. SCG grubu ve SAH+SCG grubu melatonin degerleri arasinda
anlamli bir fark yoktu (p=0,983). SAH grubunun ortalama kan melatonin diizeyi, SCG
(p<0,001), SAH+SCG (p<0.001) ve kontrol (p=0.001) gruplarindan daha yiiksekti. SAH+SCG
ve SCG gruplarmnin ortalama kan melatonin diizeyleri, diger gruplarin ve ayrica SAH grubunun
da (p<0,001) ortalama kan melatonin diizeylerinden daha diisiiktii.

Sonug: Bilateral SCG, siganlarda SAH modelinden sonra serum melatonin diizeylerinin ani
artisin1 6nemli Ol¢iide inhibe etti. Melatoninin karmasik sonuglarini ele almayr amaglayan
gelecekteki caligmalar, mindr eksojen faktorlerin serum melatonin  diizeylerini
etkileyebilecegini hesaba katmali ve g6z 6niinde bulundurmalidir.

Anahtar kelimeler: Superior servikal ganglion; subaraknoid kanama; melatonin.
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INTRODUCTION

Subarachnoid hemorrhage (SAH) is a serious disease that
develops spontaneously or due to trauma, and it is thought
that melatonin may have positive effects on SAH (1-3).
Melatonin secretion in the pineal gland is regulated by
light stimulation, and superior cervical ganglion has an
important place in this regulation (4-6). Whether
traumatic or spontaneous SAH can be defined as
extravasation of blood into subarachnoid space of
brain (7,8). Trauma which is the leading cause of SAH, is
followed by other pathophysiological reasons in the list
such as aneurysmatic SAH and peri-mesencephalic SAH;
e.g. vascular malformation, intracranial dissection, sickle
cell disease with intracerebral hemorrhage, pituitary
apoplexy, cerebral amyloid angiopathy, central nervous
system tumor, cocaine use, and cerebral venous
thrombosis (9).

Although a remarkable decline in the incidence of
aneurysmatic SAH worldwide is seen decade by decade it
is not to lose its importance since almost 45% of cases end
up with mortality in the first month after the incident and
nearly 30% of the survivals will face off disabilities at
some degree (7,10). Various papers in the literature studied
effects of melatonin in early and delayed ischemia and
vasospasm after SAH (11-15).

Melatonin as an endogenous antioxidant, seems to have an
important role in maintaining favorable outcomes in SAH
survivors (12,16,17). Therefore, safe methods to achieve
the goal to increase this endogenous melatonin should be
put in charge.

Supplying sympathetic innervation to head and neck,
superior cervical ganglion plays an important role in
regulating basilar and middle cerebral arteries (18,19).
Melatonin which is a derivative of serotonin, is
synthesized in pinealocytes and this procedure is
regulated by ambient light through a neural pathway from
the retina, ending in sympathetic neurons of the superior
cervical ganglion (6,20). Bilateral resection or blockage of
superior cervical ganglions has constant effects on
melatonin levels (21-24). Thus, blockage of superior
cervical ganglion leaves ajar a door to pass into the world
of CVS by its roles in melatonin synthesis and sympathetic
nervous system.

Horner’s  Syndrome like outcomes of cervical
hyperextension, due to stretching of the cervical
sympathetic chain or ischemia, have been reported in the
literature which may implicate that superior cervical
ganglia can be affected by the position of the patient or
pressure applied by ties used to stabilize the endotracheal
intubation tubes in the intensive care units (25).
Melatonin has shown to have neuroprotective effects and
reduce SAH induced oxidative stress (16,26). So not only
the effects of vasospasm also neuroprotection makes
melatonin a remarkable molecule in management of SAH.
Therefore, precautions to protect endogenous melatonin
levels become important in daily practice regarding SAH
patients.

Patient’s head and neck position during and after the
surgery, and the method to stabilize the intubation tube
become very important in preserving melatonin levels
induced after SAH. Performing bilateral superior cervical
ganglionectomy (SCG) in animal models shows the role of
superior cervical ganglion in biological mechanisms of
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melatonin and gives us clues about simple precautions
which may help to prevent unfavorable outcomes in SAH
patients.

The aim of this study is to examine how melatonin levels
change in SAH and SCG models by comparing blood
melatonin levels of control, sham, SAH and SCG groups.

MATERIAL AND METHODS

All procedures in this study were performed after the
approval of the Animal Research and Ethics Committee of
Kafkas University (date: 17/05/2018 and 25/10/2018,
number: 2018/052 and 2018/081) and in accordance with
the rules and procedures determined by the committee.

A total of 42 Sprague Dawley male rats weighing
200-250 g were used in the study. All animals were kept in
the same physical environment, day and night, during the
experiment and randomly divided into 6 groups. The
average temperature of the room where the rats were
kept was between 22-24 °C and with no existing windows.
Free access to food and water (ad libitum) was provided
under a 12-hour light/dark cycle (light off at 07:00 AM and
7:00 PM). The rats were randomized into six groups with
n=7 in each group as follows: Group 1: Control group,
Group 2: Sham group for subarachnoid hemorrhage (SAH
Sham), Group 3: Sham group for superior cervical
ganglionectomy (SCG Sham), Group 4: SAH group,
Group 5: SCG group, and Group 6: SAH+SCG group.
Anesthesia

Ketamine 35 mg/kg (Ketolar Panke Davis-Apothecary,
Turkey) and xylazine 5-10 mg/kg (Rompun-Bayer,
Turkey) mixture was given by intraperitoneal injection.
Anesthesia was determined as the rats to be unresponsive
to pain and continue spontaneous respiration during the
experiment; additional doses were given if necessary.
Superior Cervical Ganglionectomy (SCG)

After the rats were fixed to the dissection table under
general anesthesia, the neck area was shaved and
disinfected properly. Approximately 3-3.5 cm of vertical
incision was performed from the intermandibular area to
the presternal area, after which the skin was pulled with
the retractors and deepened through the right and left
mandibular salivary glands. Subsequently, the skin was
pulled up and out, the layers of thin tissue between the
mandibular glands and the muscles here were cut off, and
the deep cervical fascia was dissected with blunt and sharp
dissections. Superior cervical ganglion was identified at
carotid bifurcation. To prevent external carotid artery
trauma, the external carotid artery was removed using the
surrounding connective tissue and then the superior
cervical ganglion was visualized, subsequently superior
cervical ganglion was removed by small traction
maneuvers. The same procedure was repeated for the
contralateral side and at the end of the procedure the skin
was closed with 4/0 prolene sutures.

Subarachnoid Hemorrhage (SAH)

After general anesthesia, rats were shaved between inion
and atlas. After cleaning the area with povidone-iodine
solution, approximately 2 cm long skin incision between
inion and atlas was made. The occipital muscles were
dissected with blunt dissection from the bone, after which
posterior cervical muscle was dissected and atlantooccipital
membrane was revealed. 0.1 ml non-heparinized blood
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was collected from the tail artery and injected into cisterna
magna within 30s following the discharge of an equal
amount of cerebrospinal fluid (CSF).

To prevent blood from leaking back, the insulin shot was
briefly held at the point where it entered the membrane.
After this procedure, rats were kept in the Trendelenburg
position for 15-20 minutes, to achieve the blood to reach
into the prepontine cistern.

Measurement of Serum Melatonin Level

Avrterial blood samples up to 0.2 ml were collected from
the tail 24 hours after the procedure (09:00 in the morning)
in all groups and rats were sacrificed with deep anesthesia.
After clotting in the blood samples, they were centrifuged
for 20 minutes at 3000 rpm and the supernatant (serum)
was aliquoted and stored at -80 °C until the measurement.
Commercial ELISA kit (MyBioSource, Melatonin (MLT)
ELISA Kit, USA, Catalog No: MBS020998) was used for
serum melatonin measurements.

Statistical Analysis

Obtained data were analyzed with IBM SPSS Statistics 22
program. Shapiro-Wilk test was performed to evaluate
normal distribution of blood melatonin levels, and
skewness and kurtosis values were also studied. The
Levene test was used to analyze homogeneity of variance.
A one-way ANOVA test was performed to find the
difference between groups in terms of blood melatonin
levels. Post-hoc Tukey test was performed to determine
significant differences between groups. Blood melatonin
level for each group were presented with mean and
standard deviation. A p value of <0.05 was considered as
statistically significant.

RESULTS

The comparison of blood melatonin levels between groups
were presented in Table 1. There was a significant
difference in terms of melatonin levels between the groups
(F,36=18.779, n2=0.723, p<0.001). Post-hoc Tukey test
was used to find out the significance regarding the
differences in blood melatonin levels between the groups.
A significant difference in terms of the blood melatonin
levels was observed between SAH and SCG groups, and
also against the control group. According to the post
hoc test result, there was no significant difference
between the mean melatonin levels in SCG group and
SAH+SCG group (101.02+18.22 vs. 111.28+17.04,
respectively, p=0.983).

When control and sham groups compared, mean blood
melatonin levels were as follows and no significant
difference was observed between control, SAH sham and
SCG sham groups; 160.72+25.63 in control group,
167.04+28.47 in SAH sham (occipital incision) group, and
170.85£34.07 in SCG sham (cervical incision) group
(p=0.998 for control vs. SAH sham, p=0.984 for control
vs. SCG sham, and p=0.999 for SAH sham vs. SCG sham).

Table 1. Comparison of blood melatonin levels in groups

Melatonin Levels following Bilateral SCG after SAH

The mean blood melatonin level of the SAH group
(228.98439.23) was higher than the mean blood
melatonin level of control group (p=0.001), SAH sham
group (p=0.003), SCG sham group (p=0.006), SCG
group (p<0.001) and SAH+SCG group (p<0.001), and all
these differences were found as statistically significant.
The mean blood melatonin levels of SAH+SCG and
SCG groups were lower than the mean blood
melatonin levels of the other groups (p=0.026 for
SAH+SCG vs. control, p=0.009 for SAH+SCG vs. SAH
sham, p=0.004 for SAH+SCG vs. SCG sham, p=0.004 for
SCG vs. control, p=0.001 for SCG vs. SAH sham, p=0.001
for SCG vs. SCG sham); and all these differences were
significant (Figure 1, Table 1).

These results indicated that blood melatonin levels were
increased significantly after SAH, decreased in rats which
undergone SCG, and blood melatonin levels did not
increase after SAH in rats with SCG.

DISCUSSION
With the obtained results from this study, we
observed that bilateral SCG reduces melatonin

production. This blockage eventually will decrease the
effects of melatonin on vasospasm and further
neuroprotective effects of melatonin should not be
expected to occur (12,13,16,26-28).

Sole increase in melatonin levels seen in the SAH group
shows the successful modelling of SAH and also is parallel
to the findings in the literature; prominent increase in
melatonin levels is in correlation with the severity of SAH
as a natural response to the event (29). Thus, inhibiting the
increase in melatonin levels by bilateral SCG, prohibits
this natural response causing a significant lack for
melatonin’s protective effects after SAH.

300+
2504
2009
1507 } {

7 ¢

507

95% Cl Melatonin

T T T T T T
Control SAH Sham  SCG Sham SAH SCG SAH+SCG

SAH: subarachnoid hemorrhage, SCG: superior cervical ganglionectomy
Figure 1. Mean blood melatonin levels in groups

Control SAH Sham SCG Sham

SAH sCG SAH+SCG p

Melatonin 160.72+25.63 167.04+28.47 170.85+34.07

228.98+39.23 101.02+18.22 111.28+17.04 <0.001

SAH: subarachnoid hemorrhage, SCG: superior cervical ganglionectomy, post hoc test results; Control vs SAH Sham: p=0.998, Control vs SCG Sham: p=0.984, Control
vs SAH: p=0.001, Control vs SCG: p=0.004, Control vs SAH+SCG: p=0.026, SAH sham vs SCG Sham: p=0.999, SAH sham vs SAH: p=0.003, SAH sham vs SCG: p=0.001,
SAH sham vs SAH+SCG: p=0.009, SCG sham vs SAH: p=0.006, SCG sham vs SCG: p=0.001, SCG sham vs SAH+SCG: p=0.004, SAH vs SCG: p<0.001, SAH vs

SAH+SCG: p<0.001, SCG vs SAH+SCG: p=0.983
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Previously mentioned cases in the literature, such as
Horner’s Syndrome like outcomes of cervical
hyperextension, due to stretching of the cervical
sympathetic chain or ischemia; highlights the importance
of intraoperative positioning and also postoperative
patient care in intensive care units (25). Possible
compression or damage to the superior cervical ganglion
may end up with decreased levels of melatonin.
Interventions like central venous catheterization (CVC)
into internal jugular vein (1JV) may also result in damage
to the superior cervical ganglion (30).

As underlined by Aulinas A. (6) in 2019, other possible
production sites of melatonin seem not to contribute
much in secretion of the hormone after pinealectomy;
in parallel to this statement we also report no
significant change in rats which undergone bilateral SCG.
Therefore, simple precautions during the treatment period
of SAH patients may become more important to keep
melatonin levels at a preserved level. The effect of
light on melatonin secretion should be kept in mind,
so the ambient luminescence in the intensive care units
becomes an unnoticed additive factor in an avalanche
covering the total war of saving neuroprotection after
SAH. Even though debatable effects of exogenous factors
can be questioned, choice of analgesic medication can also
be a part of this struggle; for example, ibuprofen can
reduce melatonin secretion. Inadequate sedation in
patients may result in agitation of the intubated patient
which leads intensive care unit (ICU) staff to be more
rigid to keep safe the intubation tubes and to knot the
stabilizers more tightly on the neck; at this point one
should be more alert to keep superior cervical ganglia
away from pressure.

Studies in the literature like Zhan et al. (29) have detailed
inclusion and exclusion criteria regarding SAH patients
and their melatonin levels. A significant correlation
between high serum melatonin levels and poor outcome is
concluded in this study, but it should not be ignored that
severity of SAH itself can be in correlation to increased
melatonin levels and poor outcomes; and also,
perioperative interventions and ICU precautions can
theoretically affect melatonin levels in this group of
patients.

Not only in topic of SAH, also numerous papers in the
literature studied spinal cord injury-melatonin correlation
in animal models and human subjects (31-36). For the
future designs of the studies both in animal models and
humans, exogenous factors and superior cervical ganglia
injuries should be considered in evaluating serum
melatonin levels since bilateral SCG significantly reduces
melatonin response of the body.

CONCLUSION

With this plain study design, we presented that bilateral
SCG significantly inhibits the abrupt increase of serum
melatonin levels after SAH model in rats. A second study
is in our scope to evaluate pinealocytes’ changes and
responses to bilateral SCG. Further studies are needed to
unveil the effects of melatonin after both spinal traumas
and SAH. Also, future studies aiming to address
melatonin’s complex outcomes should take into account
that minor exogenous factors may affect serum melatonin
levels.
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