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Abstract: 1) Background: We analyzed, by PET-SCAN, how growth hormone (GH) might act on the
brain of a not GH-deficient elder woman who suspected that she was developing Alzheimer's
disease; 2) Methods: After performing a first psychometric study (TAVEC verbal learning test), the
metabolic activity of brain structures related to cognition, memory and behavior was analyzed by
18-F Fluorodeoxyglucose PET-SCAN. The patient was then treated with GH (0.4 mg/day) during
three weeks and the last day under this treatment a new PET-SCAN was carried out. One month
after commencing the treatment with GH a new TAVEC test was performed; 3) Results: GH
administration normalized the cognitive deficits observed in the first cognitive test and significantly
(p < 0.025) increased (Voxel-Based Morphometry) the metabolic activity in the left hippocampus,
left amygdala and left parahippocampus, but also in practically all brain cortical areas; 4)
Conclusions: This is the first study in which the effects of GH on the brain have been visualized in
images. Our data confirm the positive effects of this hormone on cognition and memories; although
they do not allow us to conclude whether GH administration may be useful in the early stages of
Alzheimer's disease, they seem to be promising.

Keywords: Growth Hormone, cognition, hippocampus, amygdala, parahippocampus, recent
memory, PET-SCAN, Alzheimer's disease.

1. Introduction

Filogenetically, the limbic system is a very ancient part of the brain basically responsible for
behavior, different types of memory and emotions. Structurally it is formed by different structures
with diverse functions, but among those we can highlight the hippocampus, the amygdala and the
parahippocampus. All of them are located bilaterally in the brain, although the main role usually
corresponds to those placed in the left hemisphere. All of them receive and send a number of efferent
and afferent signals to other important areas of the brain, such as the temporal and prefrontal lobes.

In the case of the hippocampus, it has been demonstrated that it is an important neurogenic
niche, where adult neurogenesis takes place in humans [1]. Functionally, the hippocampus is
responsible for the acquisition of recent memory, learning, and spatial orientation and navigation (in
neurons known as place cells). These functions are affected in personality disorders, perhaps because
of long-term glucorticoid excess [2], which negatively regulates the formation of new neurons in the
subgranular zone (SGZ) of the gyrus dentatus of the hippocampus [3].

The amygdala is involved in emotional responses (pleasure, fear, anger, anxiety), and also
determines how emotions are attached to memories, mainly forming new memories related to fear,
although a recent paper describes that fear is the result of a very complex fear memory network [4].

Regarding the parahippocampus, a recent study describes that, in humans, its posterior section
is involved in the visuospatial perception, while the anterior section is related to mnemonic processes,
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therefore suggesting that this structure acts as a functional interface between perception and
memories [5].

25 years ago it was discovered that growth hormone (GH) receptor gene was expressed in many
different areas of the CNS of rats and rabbits [6]. This finding led to the assumption that GH should
perform important functions at the central level, as indicated by the psychological improvements
observed in adult patients treated with the hormone [7], particularly improving memory and
cognition [8]. On the contrary, untreated GH-deficient (GHD) adults usually show significant
psychological affectations related to lack of energy, memory and cognitive alterations [9].

GH plays a key role during the development of the CNS [10], and the hormone has been found
to be produced within the postnatal hippocampus in rats [11-12], where GH administration increases
the proliferation of stem cells in normal adult rats [13]; this also occurs when the hormone is given
after a brain injury produced by kainic acid administration, perhaps by cooperating with the GH
endogenously expressed, as its receptor, in hippocampal progenitor cells [14]. Moreover, memory
tasks induce synthesis of GH in mice hippocampus leading to the appearance of newly formed
neurons [8].

The effects of GH on cognitive functions in humans have been widely reviewed recently [15-16].

For all this, in this study, we tried to visualize how GH treatment might act on brain areas
involved in cognition in an elder woman who began to show cognitive deficits. Our results clearly
indicate that short-term GH treatment produced a clear increase in the metabolic activity of the left
hippocampus and amygdala, and also in the left parahippocampus, structures that previously
showed a hypometabolism, as revealed by a PET-SCAN. The improvements observed after GH
treatment were also confirmed by the TAVEC verbal learning test.

2. Results
2.1. Cognitive test: TAVEC test

Most of the scores registered as deficients in the first test changed to the mean for anormal
population during the second test performed. This indicates a positive learning curve as well as an
increased attention. Moreover, the index of discriminability indicates learning by the patient, because
in the second test she was already capable of storing the information discriminately. In addition,
during the second test carried out there was not loss of information (fading) over time.

These data indicate the treatment with GH induced a clear improvement in learning, attention
and memory.

The main scores of this test are shown in Table 1.

Assay Maximal score | First test Second Test
Immediate free memory 80 36 49
Short-term free memory 16 9 12
Long-term free memory 16 8 12

Long-term recognition 16 10 (*4) 16 (*2)

Table 1.- Main items in the TAVEC test. Values in the first and second test correspond to the number
of correct answers. While scores in the first test ranged below the mean of the normal subjects, the
second test indicated that the results obtained were now between the range of normal subjects. *

Indicates the number of false positives in this assay.

2.2. PET-SCAN studies

The first PET-SCAN indicated significant tracer uptake deficits in the left hippocampus, left
amygdala, left parahippocampus and the subgenual area of the anterior cingulate of the right
hemisphere; in each case, clearly asymmetric with respect to the metabolic activity in the other
hemisphere. These deficits were 1.5 standard deviations (SD) lower than the mean value recorded in
the database of the normal population (Figure 1).
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Figure 1.- Transversal section of the brain showing the metabolic activity in left amygdala, left
hippocampus and left parahippocampus in the first (1) PET-SCAN study (basal conditions). Note the
low metabolic activity in these structures. A: Anterior. R: Right. L: Left. P: Posterior.

These hypometabolisms were normalized after the short-term treatment with GH, as the second
PET-SCAN indicates (Figure 2), not only in the areas specifically analyzed but also in most of the
cortical brain structures in both hemispheres.
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Figure 2.- Transversal section of the brain showing the metabolic activity in left amygdala, left
hippocampus and left parahippocampus in the second (2) PET-SCAN study (after 3-weeks receiving
GH treatment). The low metabolic activity previously observed in these structures significantly
increased (p < 0.025) after GH treatment. Also note the higher metabolic activity in practically all
cortical areas. A: Anterior. R: Right. L: Left. P: Posterior.

The metabolic activity of the subgenual area of the anterior cingulate of the right hemisphere
also increased significantly (P < 0.025) after GH treatment, being then abssolutely normal (data not
shown).

2.3. Blood analysis.

The pre-treatment blood analysis showed that the patient had a dyslipidemia (plasma total
cholesterol values: 275 mg/dl; plasma triglycerides: 195 mg/dl. Normal values: 110-200 and 50-150,
respectively). Erythrocytes and Hb were in normal values, as they were plasma glucose, proteins,
liver transaminases and tumoral markers (CA-125, CA15-3, CA19-9, Alpha-fetoprotein and CEA).
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Plasma thyroid-stimulating hormone (TSH) was normal (2.18 uUI/ml), as was free thyroxine (fT4, 1.1
ng/dl); plasma cortisol at 8 a.m. was also normal (24 pg/dl). Plasma IGF-1 value and plasma insulin
like growth factor binding protein 3 (IGFBP3) were also in normal values for the sex and age of the
patient (125 ng/ml and 2.8 ug/ml, respectively). An intravenous arginine hydroclhoride test
demonstrated that the patient was not GHD (GH peak value: 4.6 ng/ml).

The blood analysis carried out after 1-month of GH treatment indicated that not significant
changes existed, excepting that plasma IGF-1 and plasma IGFBP3 values increased to 185 ng/ml and
3.2 pg/ml, respectively (both in normal values). Glycemia did not change because of short-term GH
treatment, remaining in normal values.

Treatment with GH did not produce any adverse side effects.

3. Discussion

In this study we demonstrate for the first time, with PET-SCAN brain images, the positive effect
that GH exerts on the human brain in a not GHD patient, particularly in areas related with cognition,
recent memory, behavior and visuospatial perception, although, as stated above, the effects of the
hormone took place in practically all cortical areas (see Figures 1 and 2).

Most likely because of health laws prohibiting the use off-label of GH in most first world
countries, there are few studies showing that GH aministration increases cognition in not GHD
human patients with cognitive deficits occurring as a consequence of different pathologies [17-21].

Of high interest here is the fact that the low metabolic activity observed in the left hippocampus,
left amygdala and left parahippocampus, was significantly increased after the short-term treatment
with GH. This increased metabolic activity cannot be attributed to a higher availability of glucose,
the main nutrient for neurons, produced by the previous treatment with GH. Although this hormone
slightly increases glycemia, and this is the reason by which GH is one of the four counterregulatory
hormones opposed to insulin effects, the acute increase in glycemia after GH administration is small
in magnitude and plasma glucose is rapidly taken up by muscles. Moreover, if glucose was the
responsible factor of the increased metabolic activity observed in those brain structures, they would
not have captured FDG, and no changes could have been seen in the second PET-SCAN performed.

Two main possible explanations can justify our data: 1) GH induced adult neurogenesis; 2) GH
increased the number and/or lenght of connections of pre-existing neurons.

In humans, adult neurogenesis takes place in some known neurogenic niches (among them the
gyrus dentatus of the hippocampus) [1], although very recently it has been reported that neurogenic
precursors cells also exist in the basolateral amygdala of adult mice giving origin to newly formed
interneurons [22]. However adult neurogenesis in the human amygdala remains to be proved.

Recently, it was published that hippocampal neurogenesis begins to decrease abruptly from
adolescence to undetectable in adults [23]. This led to a high controversy and very recent publications
question or contradict these postmortem findings [24-26], although the possibility exists that adult
hippocampal neurogenesis might be dysregulated by neurological diseases, such as epilepsy, or
behavior disorders [27], therefore explaining the controversy currently existing about the persistence
of human adult neurogenesis throughout life. Data from this study may contribute to clarify these
controverses. If we could have used 3'-deoxy-3'-[18F]fluoro-L-thymidine instead of FDG we could
have detected if the changes observed in the PET-SCAN were or were not due to the neurogenesis of
the adult, as a study analyzed in adult rats [28].

The second possibility is that GH induced sprout of dendritic spines and changes in the lenght
and density of pre-existing dendrites in the hippocampus, as it has been demonstrated after
intracerebroventricular administration of the hormone in adult rats [29]. However, this possibility
does not exclude the one indicated above.

Another point of interest in our study is that hippocampal atrophy (as measured by MRI) is an
early marker of Alzheimer's disease that correlates with affected memory functions [30], and glucose
hypometabolism has been found to be significantly reduced in early-stages of Alzheimer's disease
[31]. This correlates with the reduced metabolic activity that we found in this structure in our patient
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before being treated with GH. However, if this means that this patient is developing an Alzheimer's
disease, the fact that GH treatment fully corrected the abnormalities initially observed, and her
quality of life improved, seems to indicate that treatments with this hormone in early stages of this
disease may be of great utility, at least during some time for decreasing the progression of the disease
or stopping it. Further studies are needed in a larger number of patients to check this assumption,
also postulated in a previous review [32].

The results obtained in the TAVEC test corroborate the positive effects of GH observed in the
brain imaging studies, although a limitation of this verbal learning test is, in this case, that only one
month elapsed between the first and second tests, when it is usual to carry it out with a one-year
interval for avoiding the possibility of learning the answers after the first test.

The possibility exists that GH induced the local expression of IGF-1, as it has been demonstrated
in the human fetal cortex [33], but not in human adult brain. In fact, an important role for IGF-1 in
neurodegenerative diseases has been postulated long time ago [34], and recently it has been
published that IGF-1 increases hippocampal neurogenesis and improves memory in old patients [35].
Even more, it has been postulated that treatment with this peptide might be useful in
neurodegenerative diseases, including Alzheimer's disease [36]. However, differently to that
occurring with GH, plasma IGF-1 hardly crosses the blood-brain barrier. Therefore, if the effects we
observed in this study were produced by IGF-1, this must have occurred by the induction exerted by
GH of the synthesis of that peptide in the brain.

Another possibility for explaining the findings we observed is that GH has produced an increase
in brain flow in the patient, allowing greater uptake of FDG. Recently, we described that GH induces
an important reparative effect on the endothelial dysfunction that appears after atherogenic stimuli,
such as hypercholesterolemia [37]; moreover, the hormone is a mitochondrial protector [38-39], and
atherogenesis is related to oxidative stress. Therefore, since the patient we treated had high levels of
plasma cholesterol and triglycerides it is also possible that, despite the short time of treatment, GH
may have contributed to improve the blood supply to the brain, facilitating the appearance of the
changes here described (both in terms of PET-SCAN images and cognitive tests).

In summary, for the first time we proved with brain images that GH exerts positive effects on
the brain. Moreover, according to our unpublished data in a high number of patients with acquired
neurological injuries, GH treatment is safe if given at low doses and during short periods of time,
although the use of GH "off-label" does not allow us to publish more than case by case at any time.

4. Materials and Methods

The patient was a 61 year old woman, caucasic, whose father had died of a very aggressive
Alzheimer's disease at 64 years of age. The patient has 4 sons, she works as director of a company.
Among her clinical antecedents stand out hysterectomy because of a fibromyoma and familial
dyslipidemia. She was no taking other medication than melatonin at night.

At admission in our Medical Center, the patient referred that in the last two years she was
suffering from an important stress, due to labor problems, a decrease in recent memory, sporadic
episodes of temporo-spatial disorientation and occasions of disruptive behavior. Due to the disease
suffered by her father, she was afraid that an Alzheimer's disease was beginning to be developed also
in her.

Clinical examinations were normal. Blood pressure was 135/70 mm Hg. The body mass index
(BMI) was normal: 23 kg/m?. Blood analysis (hematimetry, biochemistry, thyroid hormones, cortisol,
IGF-1, IGFPB3 and tumoral markers) were carried out before and one month after starting with GH
treatment. To assess the possibility of an existing adult GHD, during the first blood analysis a typical
arginine test (30 g arginine hydrochloride was given as an intravenous infusion from 0-30 min, and
samples for analyzing plasma GH levels were withdrawn at 0, 30, 60, 90 and 120 min).

4.1. Cognitive tests
Initially a TAVEC verbal learning test was performed. This test is based on other similar
psychometric tests, such as the Test of 15 words of Rey or the most recent CVLT-California Verbal
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Learning Test. In all of them, verbal element learning test are used. In the TAVEC test specifically 3
lists are used for Learning, Interference and Recognition. The test allows to establish the normality of
the patient (as compared with a sample similar in age, sex, and educative level), and to describe the
functioning of the patient's memory and to determine the form and reasons for its deviation (if any
exists).

One month after the first test, a new TAVEC test was performed.

4.2. PET-SCANS

The next day, after the first TAVEC test, the metabolic activity of the brain of the patient was
analyzed by PET-SCAN imaging in coronal, sagittal and transversal sections obtained 30 minutes
after administering 4.2 mCi 18-F Fluorodeoxyglucose (FDG), correcting attenuation with CT-SCAN
images. One day later, and once obtained signed informed consent, the patient began a treatment
with GH (0.4 mg/day, s.c., at 10.00 am; Nutropin, Ipsen, Spain).

21 days later a new PET-SCAN was carried out in the same conditions, excepting that the dose
of FDG administered was now slightly lower (3.6 mCi).

Last GH administration took place 1 hour before the second PET-SCAN was performed. Both
PET-SCAN were performed at 11.00 am.

In both cases the patient was fasting for 14 hours before the exams. One month after the first test
anew TAVEC verbal learning test was carried out.

In both PET-SCAN studies a quantitative analysis between the metabolism in brain areas located
in both hemispheres was carried out by Voxel-Based Morphometry by using the software
Neurocloud PET. The same technique allowed to compare the metabolic differences in the same brain
areas between the first and second PET-SCAN.

Studies and treatment were conducted according to the protocols of the Medical Center Foltra
in compliance with with national legislation for the use of GH off-label and the Code of Ethics of the
World Medical Association (Declaration of Helsinki).

Signed informed consent was obtained from the patient for publishing the results obtained.

4.3. Statistical analysis

The statistical significance of the quantitative analysis (voxel-to-voxel) between the first and the
second PET-SCAN studies was established by two-sample- t-test. This test was also used for carrying
out a parametric analysis between data obtained in the patient and the database of normal subjects.
A P value < 0.05 was considered to be significant. Statistical analysis was blind and carried out by an
external company specialized in Voxel-Based Morphometry techniques.

5. Conclusions

Results from this study clearly show, for the first time in human patients, that GH exerts a strong
and positive effects on cortical brain structures, being of special interest the fact that the hormone is
able to increase the metabolic activity in structures related to cognition and memories. The possibility
exists that GH treatment in the early-stages of Alzheimer's disease can be useful to slow down the
progression of this disease and/or other neurodegenerative disorders that lead to cognitive
impairments.
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