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Abstract

There has been in recent years an increase in the use of growth
hormone (GH) by different people for sports enhancement and for
looking and feeling good. However, there are few studies on animals
to test the side effects of using growth hormone, especially with high
doses for purposes other than medical. Therefore, this study was
aimed to investigate the effect of two different high doses of
recombinant human growth hormone (rhGH) on some blood pictures in
male rabbits. Fifteen (15) white New Zeeland male rabbits were
divided randomly into 3 groups: a control group, a low-dose group,
and a high-dose group. Rabbits were injected subcutaneously 3 times a
week for 6 weeks. After the end of the treatment period, rabbits were
sacrificed, and blood samples were collected and analyzed. Injection
of the hormone resulted in an increase in the level of GH in the sera of
the treated animals. With regard to the blood picture results, the
hormone caused a significant increase in the red blood cell count, the
concentration of hemoglobin, percent hematocrit, white blood cells,
and the platelets; but had no significant effect on the mean corpuscular
volume, mean corpuscular hemoglobin and the mean corpuscular
hemoglobin concentration.
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Introduction:

Growth hormone (GH), also known as somatotropin, is a polypeptide
hormone mainly produced in specific cells called somatotrophs of the
pituitary gland and released into the circulatory system (1). GH induces the
production of insulin-like growth factor | (IGF-1), a key mediator of GH
actions. The secretion of GH from the pituitary is primarily regulated by two
hypothalamic peptides, the stimulating growth hormone-releasing hormone
(GHRH) and the inhibiting somatostatin. There are other factors that control
the secretion of growth hormone. Those that stimulate secretion include
decreased blood glucose, decreased blood free fatty acids, starvation or
fasting , protein deficiency, trauma, stress, exercise, testosterone, estrogen,
and deep sleep (stages Il and IV); and those that inhibit secretion include
increased blood glucose, increased blood free fatty acids, aging, obesity,
growth hormone (exogenous), and somatomedins (insulin-like growth
factors) (2).

As an endocrine hormone, GH has a wide range of actions on peripheral
organs and tissues, promoting protein synthesis and cell proliferation. GH
stimulates growth and lipoliysis, as well as affects carbohydrate and protein
metabolism in humans (3, 4). Most people after the age of 25-30, begin a
process of growth hormone deficiency, which accelerates at a loss rate of 1%
to 2% per year (5). The decline of growth hormone with age, is directly
associated with many of the symptoms of aging, including cardiovascular
disease, increased body fat, osteoporosis, wrinkling, gray hair, decreased
energy, reduced sexual function and interest, and other pre-mature aging
symptoms. Many of these symptoms have been found in younger adults who
have growth hormone deficiency (6). Athletes and many other people are
using human growth hormone (hGH) for everything from sports
enhancement, anti-aging, skin, brain, muscle, joint and organ regeneration, to
turning back the clock, or simply for the purpose of looking and feeling
younger inside and out. However, there are not many studies on animals to
test the side effects of using hGH for purposes other than medical. For this
reason hGH will be used with different doses to test its effect on some
physiological parameters in rabbits. This study aims to investigate the effect
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of two different high doses of growth hormone on blood picture in male
rabbits.

Materials and Methods
Animals

Twelve-week old, healthy white New Zeeland male rabbits (total 15)
(weighing between 0.900+ 2.385 Kg ; X = 1.35 + 0.098) were obtained
from a local breeder and maintained in a room (3 x 3 m) in the backyard of
the researchers house. The room was cleaned daily and during that time
the rabbits were left to roam freely in the backyard for about one hour then
returned to the room. The animals were maintained under normal
temperature and light cycles. The rabbits were given water and food ad
libitum. The animals were kept and maintained under these conditions for
4 weeks prior to the experiment.

Chemicals

Growth hormone (GH) (somatropin 41U) was imported from South
Egypt Drug Industries Company (SEDICO), Egypt.

Experimental procedure

The rabbits were weighed and divided randomly into 3 groups (5
rabbits in each group) : 1- control group (received 100 pl of physiological
saline), 2- low dose group ( received 50 g growth hormone / Kg body
weight), and 3- high dose group ( received 100 ug growth hormone / Kg
body weight) (7). The rabbits were injected subcutaneously using 1 ml
syringe 3 times a week for 6 weeks (8, 9). After the end of the 6 weeks
period, the rabbits were weighed, slaughtered and blood samples were
taken from the 3 groups. From each rabbit, blood samples (3 ml) were
collected into ethylene diamine tetra acetic acid (EDTA) tubes for
hematological parameters analysis.

Hematological parameters

Hematological parameters including white blood cells (WBC), red
blood cells (RBC), hematocrit (HCT), Hemoglobin (HGB), mean
corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC), and platelets were
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evaluated using an automatic blood cell analyzer ( XP-300 Automated
Hematology Analyzer, Sysmex America, Inc).

Statistical analysis

Statistical analysis was performed using a computer run package (Graph
Pad Prism 7). One way ANOVA followed by Tukey's HSD test was
performed to show the statistical significance among the means of the
groups. Results were expressed as mean * standard error of the mean
(SEM). The N value for the control group and the high dose group was 5,
and for the low dose group the value was 5. P-value below 0.05 was
considered to be statistically significant.

Results

The rabbits used in this experiment appeared physically healthy
throughout the period of the experiment and showed no signs of toxicity as
a result of injection of growth hormone. However, one of the rabbits from
the 50/ Kg treated group died in the middle of the experiment; this death
appears to be of natural causes since all other treated rabbits were healthy
even the ones that were treated with higher does.

The results of the levels of GH in the serum of the control and treated
rabbits are shown in Figure 1. Statistical analysis shown that there no
significant differences (p> 0.05) in the levels of GH in the sera of the three
groups before treatment. After the end of the treatment period GH level did
not change significantly in the control group. However, in the treated
groups the GH levels increased significantly after the end of the treatment
period in comparison with the corresponding levels before treatment.
Furthermore, the level of GH in the serum of the 100 pg/kg treated group
was significantly higher (p= 0.0014) than that of 50ug/kg treated group after
the end of the treatment period.

The effect of GH on the RBC count was studied and results
represented in Figure 2. The number of RBC increased after treatment with
50 pg/kg and 100 pg/kg GH. There was no significant difference between
the number of RBC in control rabbits and the number found in the blood of
50 pg/kg GH treated rabbits.  Significant differences were found between
the results of the control group and that of the 100 pg/kg GH treated group
and between the results of 50 pug/kg GH treated group and that of the 100
ug/kg treated group.The concentration of HG was also found to increase in
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a dose-dependent manner with the increase in concentration of GH (Figure
3). Similar trend was observed with the hematocrit (Figure 4). The results of
the effect of GH on MCV, MCH, and MCHC are shown in Figures 5- 7
respectively. There were no significant differences between the means of
three parameters. Statistical analysis showed no significant differences
between these 3 means. The hormone caused a significant increase in the
numbers of WBC (Figure 8). The platelets count was also found to increase
in a dose-dependent manner with the increase in the concentration (Figure
9).
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Figure 1. The mean concentration of growth hormone (GH) from the control
rabbits and the rabbits treated with two different doses of growth hormone. The
concentrations are before and after treatment with GH. Similar letters on the bars
indicate no significant differences. Different letters indicate significant
differences.
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Figure 2: Means of red blood cell
counts (RBC) from the control
rabbits and the rabbits and the
growth hormone (50 pg and 100
pg/kg) treated rabbits. Similar letters
on the bars indicate no significant
differences. Different letters indicate
significant differences.
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Figure 4: The mean percent of
hematocrit (HCT) from control

rabbits and the growth hormone (50
Mg and 100upg/kg) treated rabbits.
Similar letters on the bars indicate
no significant differences. Different
letters indicate significant
differences.
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Figure 3: The mean concentration of
hemoglobin (HGB) in the control
rabbits and the growth hormone (50 pug
and 100 pg/kg) treated rabbits. Similar
letters on the bars indicate no
significant  differences.  Different
letters indicate significant differences.
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Figure 5: The mean corpuscular
volume (MCV) of control rabbits and
those treated with growth hormone (50
Mg and 100ug/kg) treated rabbits.
Similar letters on the bars indicate no
significant  differences.  Different
letters indicate significant differences.
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Figure 6: The mean corpuscular
hemoglobin (MCH) of the growth
hormone treated rabbits (50 pg and
100 pg / kg ) and the control rabbits.
Similar letters on the bars indicate
no significant differences. Different
letters indicate significant
differences.
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Figure 8: The mean white blood
cells (WBC) count of control and
growth hormone (50 ug/ kg and 100
pg/ kg). Similar letters on the bars
indicate no significant differences.
Different letters indicate significant
differences.
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Figure 7: The mean corpuscular
hemoglobin concentration (MCHC) of
control and growth hormone (50 pg /
kg and 100 pg / kg) treated rabbits.
Similar letters on the bars indicate no
significant  differences.  Different
letters indicate significant differences.
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Figure 9: The mean platelets count in
the blood of control and growth
hormone (50 pg / kg and 100 pg / kg)
treated rabbits. Similar letters on the
bars indicate no significant differences.
Different letters indicate significant
differences.
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Discussion:

The effect of GH on RBC count was studied and the results showed
an increase in the RBC count in a dose-dependent manner. In previous
study investigated the effect of growth hormone therapeutic
supplementation on hematopoietic stem / progenitor cells in children with
growth hormone deficiency, it was found that GH-replacement therapy
stimulated increases in clonogenic growth of erythroid lineage and RBC
counts as well as significant up-regulation of cell cycle propagating genes
(10). Other reports observed an increase in RBC count in growth hormone
deficient children and normal children treated with growth hormone (11-
13). In adults with GH deficiency, GH therapy was also found to increase
RBC count (erythropoiesis) (14). GH and IGF-I have been demonstrated
to stimulate erythropoiesis under various conditions in vitro (15, 16) and
in children with short stature (17). In study on hypo-physectomized rats,
both human GH and human IGF-I stimulated erythropoiesis and increased
serum erythropoietin concentration (18). However, the stimulatory effect
on erythropoiesis occurred before the serum erythropoietin levels had
increased (18). Furthermore, administration of IGF-I to neonatal rats led
to accelerated red blood cell production (19). An intriguing study shows
that after one year of GH treatment in non-GHD children, erythropoietin
(Epo) plasma levels significantly decreased and granulocyte-colony
stimulating factor (G-CSF) levels increased from basal to 12 months of
therapy, whereas in GHD children, they did not change significantly.
Circulating levels of G-CSF are significantly lower in GHD than in non-
GHD children. In non-GHD children, the number of red blood cells,
hemoglobin (HG), and HCT values significantly increased after one year
of GH treatment. GH therapy influences Epo and G-CSF levels in short
non-GHD children, while it shows no effects in GHD children (20).
These findings need further clarification, since GH increases plasma Epo
levels and Hb in adult GHD patients (21) and increases plasma G-CSF
levels and neutrophil counts in adult GHD patients (22). Another study
carried out in GHD patients treated with GH showed that the replacement
therapy exerted a beneficial effect leading to a significant increase of
erythrocyte parameters and recovery from anemia (typical of GHD
patients during childhood), without affecting the number of leukocytes or
platelets (23). In all, these data indicate that GH exerts a positive role on
the hematopoietic system, similar to that played by G-CSF (24). In this
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study the percent HCTand the HG concentration were also found to
increase in a dose-dependent manner in the GH- treated rabbits. Since
there was an increase in the number of RBC, one would expect an
increase in the HG concentration and the percent HCT. In patients with
adult-onset GH deficiency, treatment with recombinant human GH
resulted in a significant increase in individual HG concentrations,
especially in the male patients (25). In children with short stature
treatment with GH accelerated growth and elevated the concentrations of
HG and IGF-1 (17). In another study GH treatment had caused a non-
significant increase in HG concentration in adults with GH deficiency,
even though the number of RBC was significantly increased (14).
Previous study reported an increase in the HCT of GH deficient children
after GH- treatment (13). The increase in RBC count, HG, and HCT in
observed in these children during GH treatment confirmed the in vivo
erythropoietic growth- promoting effects of GH (13). GH at a dose of
0.4U/kg/week for 9 months was found to increase RBC count, HG
concentration, and HCT in a group of eight subjects with GH deficiency
(26).

GH injection had no significant effect on the values of MCV, MCH,
and MCHC. The value of MCV in this study was within the normal range
(27). This normal value indicates normocytic cells. MCH and MCHC
were within normal range for rabbits. This indicates that HG production
and iron metabolism in the RBC of these rabbits are normal, which means
that the increases in HG and HCT are due to increase in RBC production.
However the study by (14) reported that the values of MCV, MCH and
MCHC were significantly reduced even though the RBC count
significantly increased in GH-deficient adults treated with GH. They
explain that this in keeping with a GH-induced increase in the erythrocyte
production rate, leading to an increased demand for iron.

The WBC numbers were found to increase in a dose-dependent
manner with the increase in GH concentration. The effect of GH on
leukopoiesis in vivo and in vitro in rats shown effects on myeloid
progenitor cells and the hemopoietic microenvironment simultaneously,
resulting in an increase in leukocytes (28). But in the other studies with
GH- deficient patients, treatment with GH showed that replacement
therapy caused an increase in erythrocyte parameters without affecting the
number of leukocytes (23, 25).
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In this study, the platelets count was also found to increase in a dose-
dependent manner with the increase in GH concentration. This is possible
sine, it has been shown that human GH has a distinct capacity to promote
the differentiation of human primary megakaryocytes derived from
umbilical cord blood CD34 cells. In particular, human GH was found to
be potent in facilitating pro-platelet formation and platelet production
from cultured megakaryocytes (29). Recombinant human growth hormone
(rhGH) administered to mice after syngeneic bone marrow transplantation
was found to cause significant increases in total hematopoietic progenitor
cell content in both bone marrow and spleen (30). Erythroid cell
progenitor content was also significantly increased after rhGH treatment.
And analysis of peripheral blood indicated that administration of rhGH
resulted in significant increase in the rate of WBC and platelet recovery.
But the studies by (23, 25) reported that GH had no significant effect on
platelets count.

Conclusion

In conclusion, these results clearly indicate that GH hormone has
dramatic effect on the blood picture of the animal. Especially an increase
in the number of red blood cells, which can lead to increase in RBC count
could have serious cardiovascular problems.
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