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Abbreviations: GH, growth hormone; MT, melatonin; SCI, 
spinal cord injury; IGF1, insulin-like growth factor 1; LDL, low-
density lipoprotein; HDL, high-density lipoprotein; SS, somatostatin; 
GHRH, growth hormone releasing hormone; AIS, american spinal 
injury association impairment scale

Introduction
Spinal cord injury (SCI) is a devastating injury that leads to the 

total or partial loss of motor and sensory functions, but also affects the 
function of many body systems producing an almost total dependence 
and poor quality of life,1 although the level of the spinal cord in which 
the injury occurs and the degree of the injury are strong determinants 
of morbidity associated with the lesion. According to data provided 
by WHO in 2013, about 500.000 people worldwide suffer a SCI every 
year,2 most of them because of a spinal cord trauma, although vascular 
infarctions of the vertebral arteries are also a common cause. Most 
of the studies performed in patients with SCI analyze cardiovascular 
risk, due to increased plasma LDL cholesterol and decreased HDL 
cholesterol,3‒7 increased obesity and oral carbohydrate intolerance and 
insulin resistance which leads to a high prevalence of diabetes mellitus 
in SCI;5,8 other studies in SCI analyze the degree of osteoporosis, 
which our group observed in 88.4% of the 43 patients before being 
treated at our Medical Center,9 resulting in a high risk of fractures 
of the head of the femur when receiving physiotherapy or associated 
with robotic treadmill training. Since 1978, many other studies 
analyze the existence of orthostatic hypotension in SCI patients,10‒12 
although the appearance of this low blood pressure depends on the 
level of the spinal cord in which the injury occurred. This orthostatic 
hypotension mainly occurs in SCI patients with injuries above T6 
(Figure 1 & Figure 2), because of the impaired sympathetic control 

of the cardiovascular system, and is higher in patients with cervical 
lesions in which plasma levels of catecholamines are lower than in 
thoracic SCI patients.11

Surprisingly and despite that most of the metabolic affectations 
occurring in SCI patients, above described, have also been reported in 
patients with deficient GH secretion, only two ancient studies describe 
the existence of GH-deficiency in SCI,13,14 a finding also observed by 
our group.9 These studies13,14 attributed the lack of significant GH 
secretion or its poor response to intravenous arginine administration 
to the fact that SCI patients cannot perform daily vigorous exercise 
and their life is rather sedentary. However, while it is true that exercise 
is a powerful stimulus for inducing pituitary GH release, its effects 
are mediated by the exercise-dependent hypothalamic production 
of catecholamines therefore leading to an adrenergic inhibition on 
SS release and the consequent stimulation of hypothalamic GHRH 
discharge into the portal blood vessels.15

As it happens with GH and SCI, the circadian rhythms of MT have 
less well studied in human SCI patients. Classically, it is well known 
that the last pathway for production of MT by the pineal gland is of 
adrenergic nature. The first study which analyzed diurnal rhythms of 
this involved analysis of indolamine in patients with SCI. This study 
was carried out in 1989 and reported that the cervical region of the 
spinal cord is essential for the normal circadian secretion of pineal 
MT in humans.16 This was confirmed almost tenyears later,17 in a study 
carried out in three tetraplegic patients with injury to their cervical 
spinal cord and two paraplegics in which the injury affected the upper 
thoracic spinal cord (complete spinal cord section in both types of 
patients). While the secretion of MT was completely lost in tetraplegic 
SCI, plasma levels of the hormone were of normal amplitude and 
showed a normal rhythmicity in the paraplegic patients.17
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Abstract

In this review we analyzed the possibility that tetraplegic patients suffer a deficient GH 
secretion occurring as a consequence of the loss of adrenergic control of somatostatin release, 
the inhibitor of pituitary GH synthesis and release. A deficient GH secretion can contribute 
to enhance the metabolic abnormalities seen in tetraplegics, increase the cardiovascular 
risk and osteopenia/osteoporosis. We also analyzed why orthostatic hypotension exists in 
tetraplegics, because of the loss of sympathetic afferences to the cardiovascular system. 
In addition we examined why the pineal production of melatonin is absent in tetraplegics, 
as a result of the loss of adrenergic signals from the upper cervical ganglion to the pineal 
gland; this results in sleep disorders and poor quality of life, but also in increased oxidative 
stress and the loss of the multiple beneficious effects that melatonin plays in the human 
body (oncostatic, anti-inflammatory, neuroprotective, etc). Lastly we describe a case of 
exaggerated allergic response to an allergen in a young tetraplegic girl. We conclude that 
because of the decreased production of the natural inhibitors of histamine (adrenaline and 
ACTH-independent corticosteroids), tetraplegic patients may have a special enhanced 
sensitivity to allergens that should be studied. In summary, GH and Melatonin are useful 
and safe in the treatment of tetraplegic patients.

Keywords: growth hormone, melatonin, spinal cord injury, sympathetic activity, 
orthostatic hypotension, dyslipidemia, superior cervical ganglion, pineal gland, insulin-like 
growth factor 1
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Even less known is the possibility that SCI patients in which 
injuries affect the upper thoracic and cervical regions of the spinal cord 
may suffer an enhanced sensitivity in response to allergens. Although 
it is not the aim of this review, an allergic response leads to the release 
of histamine from mast cells and basophils. Depending on the severity 
of the allergic attack it may produce catastrophic consequences to the 
patient, even his/her death. In 1994 it was reported that histamine, via 
H1 receptor, induced the local release of adrenaline in the rat adrenal 
gland,18 which, in turn, stimulated corticosterone release. It is not 
known whether histamine also induces the release of hypothalamic 
catecholamines, both in rats and humans, although there are data 
indicating that histamine induces hypothalamic paraventricular 
release of oxytocin by stimulating the release of noradrenaline.19 In 
any case, the administration of adrenaline is the first choice against 
an anaphylactic reaction. Therefore, the possibility exists that SCI 
affecting the efferent adrenergic pathways to the adrenal gland and/
or hypothalamus may represent a latent danger for SCI patients who 
suffer an allergic reaction. 

Discussion
We first described that the pituitary secretion of GH is mainly 

dependent on the inhibitory role that alpha-2-adrenergic pathways 
exert on hypothalamic SS release.15,20‒24 In turn, ß-adrenergic 
responsiveness, which depends on a low supply of catecholamines 
to SS-producing neurons, enhances SS secretion into hypothalamic-
hypophyseal portal vessels produces the blockade of the pituitary 
release of GH.25 On these bases it is feasible to assume that complete 
(AIS A) SCI injuries above T5-T6 will lead to the loss of the afferent 
inputs from the spinal cord to the sympathetic ganglionic chain (Figure 
1 & Figure 2) resulting in decreased or an absence of the supply of 
catecholamines to the hypothalamus. The result of this situation 
would be an increased SS release and, consequently, deficient or 
insufficient GH secretion. In fact, in our previous study9 we found 
that in tetraplegic patients the GH peak elicited by oral administration 
of clonidine (0,150mg/m2, Catapresán, BoehringerIngelheimEspaña, 
Barcelona, España) was under normal values. 

Figure 1 Schematic representation of the spinal column until L1 (A), and 
the spinal cord (B) and its afferences to the sympathetic ganglionic chain (C). 
CNS: Central nervous system. 1, Upper cervical ganglion. 2, Middle cervical 
ganglion. 3, Lower cervical ganglion or star-shaped ganglion. Blue lines indicate 
afferent signals from the spinal cord to the sympathetic ganglionic chain and 
from it to the Upper cervical ganglion. Blue dotted lines ending in arrow 
indicate sympathetic efferences to the CNS, particularly to the hypothalamus 
and the pineal gland. Blue dotted lines indicate sympathetic efferences to the 
heart and thoracic organs. Green lines indicate sympathetic afferences to the 
sympathetic ganglionic chain and from it to the adrenal glands. In the right 
side of C spinal roots are shown, while in the left side only the sympathetic 
ganglionic chain is shown.

Figure 2 Legend is the same than in Figure 1, but in this case the red line 
indicates the consequences of a complete lesion of the spine at T1 level. Loss 
of afferences from T1 lead to the loss of efferent sympathetic signals to the 
hypothalamus and the pineal gland, and partially to the heart and thoracic 
organs. The result is a decrease in hypothalamic release of catecholamines 
resulting in deficient GH secretion, and the loss of the adrenergic control 
of the pineal gland which results in the absence of melatonin production. 
Orthostatic hypotension also appears in this case as a consequence of the 
decreased sympathetic efferences to the cardiovascular system.

A deficient or insufficient GH secretion in SCI could explain 
perfectly the metabolic abnormalities seen in these patients, as 
described in the Introduction, and contribute to the development of 
osteopenia and osteoporosis. Moreover, in our study9 we found that 
plasma levels of IGF-I were in low values in these SCI patients. As we 
recently reported,26 liver production of IGF-I is not fully dependent on 
GH, but it is well known that the administration of the hormone or its 
normal secretion induces the expression of IGF-I in liver and many 
other organs and tissues, including the brain. Therefore, an analysis 
of GH secretion in response to specific stimuli should be mandatory 
in tetraplegic patients and a treatment with the hormone should be 
scheduled if GH-deficiency exists. Apart of these, there are several 
studies indicating that GH may play a key role in the spinal cord, 
both during the fetal life and in adulthood.27‒29 For a more detailed 
explanation on the effects of GH on spinal cord and nerve repair see 
reference.30 

All these reasons led us to use GH administration inside the 
protocols for treating SCI patients in the Medical Center Foltra. For the 
same reasons that in this review we postulate that there is a deficient 
(or insufficient) GH secretion in tetraplegic patients, we affirm that 
the pineal production of MT must also be affected in SCI; mainly in 
SCI patients with upper cervical injuries. MT levels in human serum 
and urine rise during the daily dark period.31 The pineal production 
of MT in humans is a process of photo-transduction stimulated by 
darkness. The natural decrease in light signals to the eye, occurring 
while night begins, leads to the production of nervous signals sent 
through the retinohypothalamic tract to the suprachiasmatic nucleus, 
and from this to the spinal cord that sends afferent signals to the 
superior cervical ganglion (Figure 1) in which these signals induce 
a release of catecholamines that reach the pineal gland where they 
promote the synthesis and release of MT. Therefore, the loss, or 
decrease, of these adrenergic signals to the pineal gland must affect 
the production of MT. In fact, superior cervical ganglionectomy in rats 
induces early changes in 24h rhythms and in hypothalamic content of 
noradrenaline.32 

Foryears it has been considered that MT simply acted as a 
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synchronizer of the sleep-wake rhythm. This is the reason by which 
small doses of this indolamine are usually prescribed to subjects in 
which physiologically MT secretion did not occur (children under 
2-3years or elderly) or to resynchronize the organism avoiding jet-
lag. However, we currently know that MT accomplishes many others 
and even more important functions in the organism. For instance, 
it is a highly effective hormone for reducing oxidative stress, via 
direct detoxification of reactive oxygen and reactive nitrogen 
species, stimulates antioxidant enzymes and suppress the activity 
of pro-oxidant enzymes, chelates several transition metals.33 MT 
is also an important neuroprotective hormone reducing the effects 
of hemorrhagic stroke in several experimental models, acting as 
an antioxidant, anti-apoptosis and anti-inflammatory agent.34 MT 
plays an important role as an agent protective of mitochondria and 
regulates the electron transport chain responsible of the mitochondrial 
production of energy.35 In addition, recent reports describe the 
therapeutic effects of MT on gastrointestinal protection, psychiatric 
and neurodegenerative pathologies, cardiovascular diseases and 
oncostatic effects.36,37 

As previously reported by Zeitzer et al.17 MT has a positive effect 
in humans. Accordingly, we will analyze what happens in tetraplegic 
patients in which presumably exists deficient MT production. 
Curiously few studies related a deficiency or loss of MT secretion 
with the numerous morbidities associated to SCI injuries, with the 
exception of sleep disorders. In the first of these studies38 it was 
described that patients with cervical SCI in which there was not 
nocturnal MT secretion, sleep efficiency was significantly lower than 
in patients with thoracic SCI and normal MT rhythms; moreover, 
cervical SCI patients showed significantly increased REM-onset 
latency as compared to patients with thoracic SCI. Moreover, the 
diminished sleep in cervical SCI was not due to sleep apnea or any 
other known reason. These findings were confirmed in a more recent 
study39 in which a complete absence of nocturnal MT secretion was 
observed in tetraplegic patients leading to a poor sleep quality. These 
authors also found decreased sleep quality in paraplegic patients, 
despite that MT secretion in this group was similar to that in controls. 
Another study concluded that sleep disturbances are more frequent in 
SCI patients than in the normal population,40 a finding that was more 
exhaustively studied recently.41 These authors indicated that 92% 
of the SCI patients studied had poor sleep quality and 96% of them 
showed daytime fatigue, both more marked in cervical SCI patients. 
These findings have been attributed to breathing problems rather than 
to an impaired MT secretion. Similar conclusions have been reported 
in other studies in which the poor sleep efficiency has been related 
to sleep apneas and neuromuscular weakness that negatively affects 
respiratory function.41‒43 In any case, people with tetraplegia suffer 
sleep problems and poor quality of life;44 moreover, these problems 
associated to the increased metabolic disorders (as described in the 
Introduction) place them in an increased risk for suffering stroke or 
myocardial infarction. Despite that a pilot clinical trial,45 carried out 
in eight patients with tetraplegia and absence of MT production, in 
which sleep disorders existed, showed that treating them with 8mg of 
the MT agonist Ramelteon did not produce significant effects on the 
existing sleep problems, we think that the reported multiple beneficial 
effects of MT, and the absence of any adverse effect that it might 
produce, make this hormone useful when treating SCI patients. This 
is the reason by which we administered oral MT (at doses no lesser 
than 50mg/day) to any SCI patient being treated in the Medical Center 
Foltra. 

No data exist indicating that SCI patients can develop an 
exaggerated response to an allergen. However, complete SCI above 

T8 (Figure 1) can present a deficient response of hypothalamic and 
adrenal catecholamines and adrenal corticosteroids (stimulated 
by adrenaline via an ACTH-independent pathway), the natural 
inhibitors of the response to enhanced histamine release that can 
lead to an anaphylactic shock and even to death. A pilot study in 
SCI adults suggests that repeated exposure to natural rubber latex 
products because of long-term indwelling catheter usage may be at 
risk for the development of allergy to latex.46 However, a following 
study suggested that adult patients with chronic neurological defects 
resulting from SCI showed a low risk of latex sensitization, something 
that contrasts with the high level of sensitization observed in children 
with spina bifida in the same study.47

Here we will describe a case of an intense allergic reaction 
observed in a young girl with complete SCI at C4-C5 level, most 
likely produced by a colorant present in an ice cream. 

Case report
The patient was a 6year-old girl who came to our Medical Center 

to be treated for a SCI C4-C5 (AIS A) occurred 1 year before after a 
traffic accident. The patient was originally from a South American 
country where she had never eaten that type of food coloring. Two 
hours after eating that ice cream her mother noticed the appearance of 
red spots on her face, but as it was bedtime she did not give too much 
importance to it. The next day the mother observed that these red spots 
had grown in size and were widely distributed throughout the body, 
then she called us (it was Sunday) to examine the girl. When examined, 
we observed many large papulo-macular and erythematous lesions on 
the face, back, arms and legs (Figure 3). Her eyelids were swollen 
but there were no signs of glottis edema or breathing problems. We 
administered her an antihistamine, Cetirizine dihydrochloride (Zyrtec, 
UCB Pharma, Madrid, Spain), 5mg every 12h, and soon the problem 
was solved. Since the patient did not notice any itching, because of 
her complete sensitive and motor SCI, her mother did not think of 
an allergic reaction. We cannot know how this reaction could have 
progressed if we did not interrupt it with the antihistamine drug. After 
knowing its progressive and intense evolution, it is likely that very 
important consequences might have appeared because of the absence 
of physiological inhibitors of the allergic reaction due to her SCI. At 
this point is important to remark that the patient was taking melatonin 
(50mg/day), an anti-inflammatory hormone effective to improve 
disease severity in children with atopic dermatitis,48 and perhaps it 
contributed to diminish the severity of the clinical process. 

Figure 3 Allergic reaction in a C4-C5 tetraplegic girl. Pictures were taken 
14hours after the allergic reaction commenced. Note the wide distribution of 
the papulo-macular and erythematous lesions and the intensity of them before 
being treated with an antihistamine drug.
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Conclusion
Data from this review and our own experience allow us to 

conclude that a GH secretion study should be carried out in every 
tetraplegic patient, and that GH administration is useful and safe 
for treating tetraplegia and preventing or correcting a number of 
morbidities associated to this pathology. The same occurs with 
melatonin that most likely is not produced in tetraplegics due to the 
loss of sympathetic inputs to the pineal gland. Melatonin is also very 
safe and useful not only for correcting sleep disorders in SCI, but also 
because of its several positive effects. The possibility of exacerbated 
allergic reactions should be studied in tetraplegic patients, because of 
the loss or decreased production of natural inhibitors of histamine in 
them. 
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