2024, 21(12): 3709-3715
https://doi.org/10.21123/bsj.2024.8784
P-ISSN: 2078-8665 - E-ISSN: 2411-7986

S

Baghdad Science Journal

Evaluation of the activity of arginase and some biochemical parameters

in sera of patients with acromegaly

Fatima Khazaal Malek*?

, Salma Abdul_Rudha Abbas?

, Baydaa Ahmed Abed?

!Department of Chemistry, College of Science, Mustansiriyah University, Baghdad, Irag.
National Diabetes Center, Mustansiriyah University, Baghdad, Irag.

*Corresponding author.

Received 21/03/2023, Revised 02/10/2023, Accepted 04/10/2023, Published Online First 20/05/2024,

Published 01/12/2024

—G)
© 2022 The Author(s). Published by College of Science for Women, University of Baghdad.

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly

cited.

Abstract

The objective of the present study was to study the effect of increasing Growth Hormone (GH) on
arginase activity in sera of Iragi acromegaly (ACROQ) patients. Certain Vital biochemical parameters
were measured such as Growth Hormone (GH), Insulin-Like Growth Factor-1 (IGF-1), Fasting Serum
glucose (FSG), Urea, Total Cholesterol (TC), Triglycerides (TG), High-density lipoprotein-cholesterol
(HDL-C), Low-density lipoprotein-cholesterol (LDL-C), and very low-density lipoprotein-cholesterol
(VLDL-C). Eighty people between the ages ranged between of 25 and 65 were involved in this study,
40 of them were ACRO Iragi patients and the remaining 40 were healthy controls. All participants were
matched in age and sex and the body mass index (BMI) were calculated for each group. Arginase activity
was reduced in ACRO patients significantly (p<0.05) compared to controls, also the HDL-C levels were
reduced significantly p<0.05, while the levels of GH, IGF-1, TC, TG, LDL-C, and VLDL-C were
elevated significantly p<0.05. There were no significant differences in the levels of FSG and urea
between the patients and controls p>0.05. Results of the present study have revealed that patients with
ACRO have significantly lower levels of serum arginase activity and not significantly lower levels of
serum urea, which means their bodies retain more nitrogen compounds for use in building processes.

Keywords: Arginase, Acromegaly, Growth hormone, Insulin-Like Growth Factor-1, Lipid Profile.

Introduction

Acromegaly (ACRO) is a rare, complex hormonal
syndrome classified as a chronic disorder which is
characterized by elevated Growth hormone (GH),
therefore Insulin-Like Growth Factor-1 (IGF-1)
commonly caused by a GH-secreting pituitary
adenoma 2. It induces multisystem impacts,
especially in the osteoarticular system, muscles,
brain, heart and blood vessels, respiratory and
hematopoietic system, kidneys, liver, pancreas,
thyroid, adipose tissue, and metabolic system. The
ACRO also causes sexual dysfunction 3% This
pathology occurs on average 40 to 70 people per

million 5. The ACRO has a significant diagnostic
delay that is linked to a higher risk of complications
and deteriorating psychosocial conditions ©.

The GH is essential for normal postnatal growth’ , it
also plays a role in metabolism, muscle, bone, and
lung homeostasis, reproduction, age-related
physiological and pathological changes, immune
response, chemotherapeutic  resistance, and
neoplastic development 8°. The GH stimulates the
formation of bones and modulates the metabolism of
fats, carbohydrates, nitrogen, and minerals as well as
electrolyte balance °. The effects of GH can be both
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anabolic and catabolic. The IGF-1 mediates the
majority of GH's anabolic actions. On the other hand,
prolonged fasting results in a rise in GH without an
elevation in IGF-1 L. In addition, GH enhances the
ability of the liver and kidney to produce glucose via
gluconeogenesis and glycogenolysis. The hormone-
sensitive lipase is activated by GH, mainly in visceral
adipose tissue, which causes free fatty acids (FFA) to
flow from adipose tissue to the bloodstream *2.

The IGF-1, is a key growth factor that regulates both
anabolic and catabolic pathways in skeletal muscle.
Alteration in IGF-1 signaling in muscle tissue can
have a significant impact on myofiber growth and
function. Also, IGF-1 can influence protein synthesis
as well as protein breakdown processes 3. Since
IGF-1 promotes a mitogenic response and suppresses
cell death (apoptosis) in a diverse cell range,
potentially leading to cancer, despite its importance
in cell survival. The metabolism and proliferation are
significantly impacted by IGF-1. Its long-term action
is thought to be similar to a growth factor, whereas
its short-term impact is similar to insulin 4,

L-arginase (Arg) (EC 3.5.3.1) catalyzes, the last step
in the urea cycle, is a binuclear manganese

Materials and Methods

Patients and Control

From July to October 2022, 80 individuals ranging in
age from 25 to 65 were included in this study. At the
national diabetes center of Mustansiriyah University,
in Baghdad, forty ACRO Iraqgi patients were
involved, and forty healthy individuals (controls),
were matched in age and sex. For each group, BMI
was computed.

Samples

To separate the serum, 10 ml of blood was collected
via venipuncture and transferred into a gel tube. The
blood sample was centrifuged to separate the serum
at a speed of 3000 rpm for 10 min. The serum was
then separated into four Eppendorf tubes and stored
at -20 °C until testing. Samples of ACRO patients
with diabetes were excluded.

Results and Discussion

Table 1 shows there were no statistically significant
p> 0.05 differences in age between the control group

metalloenzyme *°, The enzyme hydrolyzes L-
arginine to L-ornithine and urea, it exists in two
isoforms in mammals, arginase 1 (Argl) or liver
arginase and arginase 2 (Arg2) or kidney arginase *°.
The Arg is involved in the metabolism of L-arginine,
the formation of nitric oxide, and a variety of
signaling pathways, either independently or
independently from its L-arginine urea hydrolase
activity . The balance between Arg and Nitric
Oxide Synthesis (NOS) may be disrupted by a
number of pathological conditions, which would
disrupt the organism's homeostasis and function. A
number of pathophysiological conditions, including
cardiovascular, immune-mediated, tumor-
producing, and neurodegenerative illnesses, are
linked to elevated arginase activity 8. As far as we
know there are no studies about the role of Arg
activity in ACRO patients. Rising in Arg activity
levels can be viewed as a sign of diabetes *°.
Currently, Arginase inhibitors are regarded as
promising therapies for the treatment of a variety of
pathologies 2. The aim of this study was to study the
effect of increasing GH on arginase activity in sera
of Iragi ACRO patients and compare it with a control

group.

Sample Analysis

Using Porembska's method, arginase activity in
serum was examined manually #. A solid-phase
ELISA kit provided by DRG Company / Germany
was used to assess human GH and IGF-1 in order to
quantify their serum concentrations. The Fasting
serum glucose (FSG), urea, Total cholesterol (TC),
Triglycerides (TG), High density lipoprotein
cholesterol (HDL-C) were measured by using the
Kenza240 TX Biolabo kit.

Statistical analysis

Mean + SD was used to express the data.
Independent-Samples student's t-test and correlation
were employed to evaluate the relationship between
the data using The SPSS version 26. P-values greater
than 0.05, equal or less than 0.05, and less than 0.001
were regarded as non-significant (N.S), significant
(S), and highly significant (H.S), respectively.
GraphPad Prism 8 was used for drawing the graphs.
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44.69+10.30 years and patients with ACRO
46.3519.25 years. The body mass index (BMI) value
was found to be highly significant p<0.001 in
patients with ACRO 33.41+3.64 kg/m? compared to
control group 24.31+2.05 kg/m?,

Table 1. The study subjects’ characteristics.

Parameters Control (N= ACRO (N -value
40) = 40) P
Age year  44.69+10.30 46.354+9.25 N.S
BMI
kg/m2 24.314+2.05 33.41+3.64 H.S

Abbreviations: ACRO, Acromegaly; BMI, Body Mass Index.
p-value >0.05 is non-significant (N.S), p-value <0.05 is
significant (S), p-value <0.001 is highly significant (H.S).

The increase in BMI among ACRO patients was not
brought on by obesity but rather by increased bone
mineral density. A recent study has reported that
compared to controls, BMI in ACRO patients was
significantly increased, which agrees with the
finding of the present study 2.

Table 2 shows highly significant differences in
arginase activity between ACRO patients group
compared with control group, arginase activity was
significantly p<0.001 decreased in patients group
1.9540.93 compared to control 5.984+2.39. The
serum GH levels of patients with ACRO 5.10+1.63
were significantly p<0.05 elevated in comparison to

Arginase GH
10— *k ok 8- Kook k 1500
84 6
N _, 1000
< E 4] £
> 4 2 E;
] 500
24 -
0- 0- 0

Control ACRO Control ACRO

control group 1.02+0.37. The serum IGF-1 levels of
patients with ACRO 720.12+310.37 were
significantly p<0.05 elevated in comparison to
controls 259.254+53.94. The FSG levels in patients
with ACRO 98.29+5.45 were non-significantly
higher p>0.05 compared with control group
87.80+5.17. There were no statistically significant
P> 0.05 differences in serum urea between control
group 28.70+6.32 and patients with ACRO
26.1746.93, as indicated in Fig. 1, respectively.

Table 2. The serum levels of arginase activity,
GH, IGF-1, FSG, and Serum Urea in Patients and
control groups.

Parameters Control ACRO p-

(N =40) (N=40) value

Arg'/“l_ase 5.98+2.39 1954093  H.S

GHng/mL  1.0240.37 5104163  HS
IGF-1

sl 25925£53.94 72012431037 HS

FSG 87.804517 98294545 NS
mg/dL

Urea 28.7046.32 26174693 NS
mg/dL

Abbreviations: ACRO, Acromegaly; GH, Growth Hormone;
IGF-1, Insulin Like Growth Factor-1; FSG, Fasting Serum
Glucose.

p-value >0.05 is non-significant (N.S), p-value <0.05 is
significant (S), p-value <0.001 is highly significant (H.S).

Control ACRO

IGF-1 FSG Urea
* kK 150+ ns 40+ ns
—
304
4+ 1001 y
o K=}
=S S, 20-
£ £
10+
0- 0-

Control ACRO Control ACRO

Figure 1. Unpaired t-test for Arginase Activity, GH, IGF-1, FSG, and Serum Urea.

As far as we know, this is the first study that dealt
with Arg activity in ACRO patients. The current
study has found that arginase activity was decreased
(this decrease in enzyme activity could be a result of
chronic GH signaling in ACRO patients which may
inhibit arginase activity), for protecting nitrogen
compounds in the body from losing through the urea
cycle and enabling the body to carry out its building
process using nitrogen-containing proteins. Except
for adipose tissue, which has a catabolic effect that
results in the breakdown of conserved triglycerides

to FFA, GH (in the case of acromegaly GH releases
excessively) stimulates an anabolic effect in most
tissues 3.

The current study has found that GH levels in
patients group were significantly higher than in
control group. This elevation was caused by an
excess of GH produced by the interior loop of a
hormonally active pituitary adenoma. A recent study
has reported that GH was higher in ACRO patients
compared with controls, which is in agreement with
our findings 4.
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The current study has found that IGF-1 levels in
patients group were significantly higher than in
control group. This elevation was caused by
excessive GH production from the pituitary glands
interior loop, and IGF-1 increased in tandem with
GH because IGF-1 production and
release are stimulated by GH. As a result,
considerable increases in GH levels in the current
study are related to significant increases in IGF-1
levels. A recent study has reported that
ACRO patients had higher IGF-I levels than control
individuals ?2. A recent study has reported that IGF-
1 was higher in ACRO patients compared with
controls 2, The above studies were in agreement with
the findings of our study.

The current study has found that there were no FSG
significant differences in ACRO group compared
with control group. High GH causes improper
glucose metabolism, which leads to insulin
resistance and, ultimately, diabetes. A recent study
has reported that FSG levels in patients were
significantly higher compared to controls 22, This
is inconsistent with our current study due to diabetic
ACRO patients: exclusion. In agreement with our
findings, A previous study has reported that fasting
plasma glucose levels in ACRO patients were not
significantly higher compared to control group,
because ACRO patients with diabetes mellitus were
not included in the study #'.

The current study has found that serum urea levels in
patients group were not significantly lower than in
control group. A previous study has reported that the
effects of GH on protein metabolism include
enhanced protein synthesis and reduced breakdown
throughout the body and in muscles, as well as
reduced amino acid degradation/oxidation and
hepatic urea production 2. A previous study reported
that blood urea nitrogen in ACRO patients was
reduced, which agrees with our findings %.

TC TGs
250 * ok k 2501 I 150
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i | ] 100
150 =} 150 ) <
100 £ 1004 e
50
50 504
0- 0- 0

Control ACRO Control ACRO

Control ACRO

Table 3 shows highly significant differences in TC
levels between control group, and patients with
ACRO, TC levels were significantly p<0.001
increased in patients group 175.58+37.22 compared
to control group 146.20+12.94. There were highly
significant differences in TG levels between control
group, and patients with ACRO, TG levels were
significantly p<0.001 increased in patients group
152.30+47.49 compared to control group
104.23422.09. The serum HDL-C levels of patients
with ACRO 37.7317.49 were significantly p<0.05
reduced in comparison to control group 48.06+5.64.
There were highly significant differences in LDL-C
levels between control group 77.37+11.75, and
patients with ACRO 107.39+34.29, LDL-C levels
were significantly p<0.0001 increased in patients
group compared to control group. There were highly
significant differences in VLDL-C levels between
control group 20.85+4.40, and patients with ACRO
30.4649.49, VLDL-C levels were significantly
p<0.001 increased in patients group compared with
control group, as shown in Fig. 2, respectively.

Table 3. The levels of lipid profile in patients and
control groups.

Parameters Control ACRO p-
(N = 40) (N=40)  value
TCmg/dL 146.20412.94 17558+37.22 H.S
TGmg/dL 104.23+22.09 152.30+447.49 H.S
HDL-C
oL 480BE5E4 37731749 HS
LDL-C 273741175 107.3943429 H.S
mg/dL
VLDL-C 55854440 30464949  H.S
mg/dL

Abbreviations: ACRO, Acromegaly; TC, Total Cholesterol;
TG, Triglycerides; HDL-C, High-density lipoprotein-
cholesterol; LDL-C, Low-density lipoprotein-cholesterol;
VLDL-C, Very low-density lipoprotein-cholesterol.
p-value >0.05 is non-significant (N.S), p-value <0.05 is
significant (S), p-value <0.001 is highly significant (H.S).

HDL-C

LDL-C - VLDL-C
sk sk %k 60 I_l 50 * 5k *
| _ 40 [ 407
k=] —
? 30
>
20 & 204
104
0

Control ACRO 0-

Control ACRO

Figure 2. Unpaired t-test for Lipid profile.

The current study has found that TC levels in patients
group were significantly higher than in control
group. Elevated TC in ACRO patients is attributed to

associated with reduced HDL-C because HDL-C
collects excessive cholesterol from the circulatory
system and transports it to the liver, where it is
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broken down and eliminated from the body *°.
Hence, a previous study has reported that TC was
higher in ACRO patients in comparison with control
group, which is in agreement with our results 2.
The current study has found that TG levels in patients
group were significantly higher than in control
group. A previous study has interpreted high TG
levels in ACRO patients by speculating that the
decrease in hepatic triglyceride lipase activity and,
possibly, the decrease in lipoprotein lipase activity is
at least partially responsible for the development of
ACRO’s hypertriglyceridemia 3!, A recent study has
found that TG was significantly elevated in ACRO
patients compared with control group, which agrees
with our findings.

The current study has found that HDL-C levels in
patients group were significantly lower than in
control group, which matches the results of the
recent study 2. The previous study has observed that
HDL abnormalities were linked with reduced
Lecithin—cholesterol acyltransferase action and
found that ACRO patients' HDL-C levels were lower
than those of control group *.

The current study showed that LDL-C levels in
patients group were significantly higher than in
control group. Decreased HDL-C contributes to
LDL-C elevation because of the HDL-C
participation in reverse cholesterol transport, which
transports excess cholesterol from peripheral tissues
to the liver ®°. A recent study has found that patients

Conclusion

Patients with ACRO have lower levels of serum
arginase activity and non-significantly lower levels
of serum urea, which means their bodies retain more
nitrogen compounds for use in building processes.
Also, they have an increased risk factor of
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LDL-C 0.088 0.589
VLDL-C -0.048 0.767
Urea 0.159 0.326

developing cardiovascular problems because of their
undesirable lipid profile (elevated LDL-C and
reduced HDL-C levels in addition to higher levels of
TG, TC, and VLDL-C).

Chemistry Department, and National Diabetes

Center in Baghdad, Irag.

- Authors sign on ethical consideration’s approval.

- Ethical Clearance: The project was approved by
the local ethical committee at Mustansiriyah
University.

- No human studies are present in the manuscript.

Page | 3713


https://doi.org/10.21123/bsj.2024.8784

2024, 21(12): 3709-3715
https://doi.org/10.21123/bsj.2024.8784
P-ISSN: 2078-8665 - E-ISSN: 2411-7986

e

Baghdad Science Journal

Author’s Contribution Statement

F.K.M. performed the statistical analysis, performed
the experiments with the help of S.A.A. and B.AA,,
and wrote the manuscript in consultation with S.A.A.

References

1.

10.

11.

Bandeira F, Lemos ALP, de Lima Andrade SR.
Acromegaly. In: Bandeira F, Gharib H, Griz L, Faria
M, editors. Endocrinology and Diabetes: A Problem
Oriented Approach. Cham: Springer International
Publishing; 2022:p. 55-60.
https://doi.org/10.1007/978-3-030-90684-9 6
Langlois F, Suarez GM, Fleseriu M. Updates in rare
and not-so-rare complications of acromegaly: focus
on respiratory function and quality of life in
acromegaly. F1000Res. 2020; 9.
https://doi.org/10.12688/f1000research.22683.1
Badiu C, Witek P. Insights Into Acromegaly
Complications. Front Endocrinol. 2022; 13: 905145.
https://doi.org/10.3389/fendo.2022.905145
Coronel-Restrepo N, Syro LV, Rotondo F, Kovacs K.
Anatomy of the Pituitary Gland. Pituitary Adenomas:
The European Neuroendocrine Association’s Young
Researcher Committee Overview: Springer; 2022: 1-
19. https://doi.org/10.1007/978-3-030-90475-3 1
Gierach M, Junik R. Aberrations in carbohydrate
metabolism in patients with diagnosed acromegaly
bservational study. Endokrynol Pol. 2022; 73(4): 743-
744. https://doi.org/10.5603/ep.a2022.0034

Sibeoni J, Manolios E, Verneuil L, Chanson P,
Revah-Levy A. Patients’ perspectives on acromegaly
diagnostic delay: a qualitative study. Eur J
Endocrinol. 2019; 180(6): 339-
52.https://doi.org/10.1530/EJE-18-0925

Lu M, Flanagan JU, Langley RJ, Hay MP, Perry JK.
Targeting growth hormone function: strategies and
therapeutic applications Signal Transduct.
Target Ther. 2019; 4(1): 3.
https://doi.org/10.1038/s41392-019-0036-y
Chesnokova V. The Multiple Faces of the GH/IGF
Axis. Cells. 2022; 11(2): 217.
https://doi.org/10.3390/cells11020217

Moriyama S. Handbook of Hormones: Comparative
Endocrinology for Basic and Clinical. Second
Edition. England: Oxford: Elsevier, Academic Press;
2021. Subchapter 24A, Growth hormone; p. 199-201.
https://doi.org/10.1016/B978-0-12-820649-
2.00053-X

Lu M, Flanagan JU, Langley RJ, Hay MP, Perry JK.
Targeting growth hormone function: strategies and
therapeutic applications. Signal Transduct Target
Ther. 2019; 4(1): 3. https://doi.org/10.1038/s41392-
019-0036-y

Wondisford FE. Essentials of Endocrinology and
Metabolism: A Practical Guide for Medical

and B.A.A., S.AA. designed the research, and
B.A.A. collected samples.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Students: Springer Nature; 2020: p. 229-40.
https://doi.org/10.1007/978-3-030-39572-8 26

Kim S-H, Park M-J. Effects of growth hormone on
glucose metabolism and insulin resistance in human.
Ann Pediatr  Endocrinol Metab. 2017; 22(3): 145
.https://doi.org/10.6065/apem.2017.22.3.145
Yoshida T, Delafontaine P. Mechanisms of IGF-1-
Mediated Regulation of Skeletal Muscle Hypertrophy
and  Atrophy. Cells. 2020; 9(9): 1970.
https://doi.org/10.3390/cells9091970
AsghariHanjani N, Vafa M. The role of IGF-1 in
obesity, cardiovascular disease, and cancer. Med J
Islam Repub Iran. 2019; 33(1): 1-4.

Kumari N, Bansal S. Arginine depriving enzymes:
applications as emerging therapeutics in cancer
treatment. Cancer Chemother Pharmacol. 2021; 88:
565-94. https://doi.org/10.1007/s00280-021-04335-
w

16. RenY, LiZ, LiW, Fan X, Han F, Huang Y, et al.
Arginase: Biological and Therapeutic Implications in
Diabetes Mellitus and Its Complications. Oxid Med
Cell Longev. 2022; 20(22): 20.
https://doi.org/10.1155/2022/2419412

Li Z, Wang L, Ren Y, Huang Y, Liu W, Lv Z, et al.
Arginase: shedding light on the mechanisms and
opportunities in cardiovascular diseases. Cell Death
Discov. 2022; 8(1): 413.
https://doi.org/10.1038/s41420-022-01200-4
Clemente GS, van Waarde A, Antunes IF, Démling
A, Elsinga PH. Arginase as a Potential Biomarker of
Disease  Progression: A  Molecular Imaging
Perspective. Int J Mol Sci. 2020; 21(15): 5291.
https://doi.org/10.3390/ijms21155291

Khaleel F, Oda NN, Abed BA. Disturbance of
Arginase Activity and Nitric Oxide Levels in Iragi
Type 2 Diabetes Mellitus. Baghdad Sci J. 2018;
15(2): 189.
https://doi.org/10.21123/bsj.2018.15.2.0189

Detroja TS, Samson AQO. Virtual Screening for FDA-
Approved Drugs That Selectively Inhibit Arginase
Type 1 and 2. Molecules. 2022; 27(16): 5134.
https://doi.org/10.3390/molecules27165134
Porembska Z, Kedra M. Early diagnosis of
myocardial infarction by arginase activity
determination. Clin Chim Acta. 1975; 60(3): 355-61.
https://doi.org/10.1016/0009-8981(75)90078-9
Abdullah AH, Mohaisn IK, Nsaif AS, Safaryan
AHM. Studying the impact of vitamin D deficiency
in lragi acromegalic patients and its relation with

Page | 3714



https://doi.org/10.21123/bsj.2024.8784
https://doi.org/10.1007/978-3-030-90684-9_6
https://doi.org/10.12688/f1000research.22683.1
https://doi.org/10.3389/fendo.2022.905145
https://doi.org/10.1007/978-3-030-90475-3_1
https://doi.org/10.5603/ep.a2022.0034
https://doi.org/10.1530/EJE-18-0925
https://doi.org/10.1038/s41392-019-0036-y
https://doi.org/10.3390/cells11020217
https://doi.org/10.1016/B978-0-12-820649-2.00053-X
https://doi.org/10.1016/B978-0-12-820649-2.00053-X
https://doi.org/10.1038/s41392-019-0036-y
https://doi.org/10.1038/s41392-019-0036-y
https://doi.org/10.1007/978-3-030-39572-8_26
https://doi.org/10.6065/apem.2017.22.3.145
https://doi.org/10.3390/cells9091970
https://doi.org/10.1007/s00280-021-04335-w
https://doi.org/10.1007/s00280-021-04335-w
https://doi.org/10.1155/2022/2419412
https://doi.org/10.1038/s41420-022-01200-4
https://doi.org/10.3390/ijms21155291
https://doi.org/10.21123/bsj.2018.15.2.0189
https://doi.org/10.3390/molecules27165134
https://doi.org/10.1016/0009-8981(75)90078-9

2024, 21(12): 3709-3715
https://doi.org/10.21123/bsj.2024.8784

P

-ISSN: 2078-8665 - E-ISSN: 2411-7986

e

Baghdad Science Journal

23.

24.

25.

26.

217.

some biochemical parameters. Ann Trop Med Public
Heal. 2020; 23(11).
https://doi.org/10.36295/ASR0.2020.231131
Sharma R, Kopchick JJ, Puri V, Sharma VM. Effect
of growth hormone on insulin signaling. Mol Cell
Endocrinol 2020 Dec; 518:
111038.https://doi.org/10.1016/j.mce.2020.111038
Aon YSA, Kadhim SJ, Al-Samarriae AY. Studying
the genotype of Aryl Hydrocarbon Receptor-
Interacting Protein (AIP) Gene (rs641081C>A)
in lragi Samples with Acromegaly Pituitary
Adenoma. Baghdad Sci J. 2022 Dec 1; 19(6 SE-
article): 1167.
https://doi.org/10.21123/bsj.2022.6104

Hameed A. Assessment the Apelin, Glutathione S-
transferase Polymorphism and some of Biochemical
Parameters in Acromegaly Patients. PhD
[dissertation]. Baghdad: College of Science for
Women —University of Baghdad; 2019.

Farhan LO, Abed BA, J. KG, Salman IN. "Insulin
Like Growth Factor Binding Protein 7 as a Novel
Diagnostic Marker in Sera of Iragi Patients with
Acromegaly. Baghdad Sci J. 2023; 20(3): 979-985,
https://doi.org/10.21123/bsj.2023.7797

Tabur S, Sezen H, Korkmaz H, Ozkaya M, Akarsu E.
High Prolidase Levels may be a Marker of
Irreversible  Extracellular Matrix Changes in

28.

29.

30.

31.

32.

Controlled Acromegaly Patients?. Exp Clin
Endocrinol  Diabetes.  2016; 124(02): 82—
6.https://doi.org/10.1055/s-0035-1564200

Moller N, Vendelbo MH, Kampmann U, Christensen
B, Madsen M, Norrelund H, et al. Growth hormone
and protein metabolism. Clin Nutr. 2009 Dec; 28(6):
597-603.https://doi.org/10.1016/j.clnu.2009.08.015
Hamwi GJ, Skillman TG, Tufts KC. Acromegaly. Am
J Med. 1960 Oct; 29(4): 690-9.
https://doi.org/10.1016/0002-9343(60)90101-7
Marques LR, Diniz TA, Antunes BM, Rossi FE,
Caperuto EC, Lira FS, et al. Reverse cholesterol
transport: molecular mechanisms and the non-
medical approach to enhance HDL cholesterol. Front
Physiol. 2018; 9: 526
https://doi.org/10.3389/fphys.2018.00526

Takeda R, Tatami R, Ueda K, Sagara H, Nakabayashi
H, Mabuchi H. The incidence and pathogenesis of
hyperlipidaemia in 16 consecutive acromegalic
patients. Eur J Endocrinol. 1982; 100(3): 358-62.
https://doi.org/10.1530/acta.0.1000358

Beentjes JAM, van Tol A, Sluiter WJ, Dullaart RPF.
Low plasma lecithin: cholesterol acyltransferase and
lipid transfer protein activities in growth hormone
deficient and acromegalic men: role in altered high
density lipoproteins. Atheroscler. 2000; 153(2): 491—
8.https://doi.org/10.1016/s0021-9150(00)00433-0

pdually (pbiaal) el Juaa) (B 4 g gansl) @l piiiall Gl g S ¥ ag 31 Bl st

) )

200 daal plan dube Lol s ala déllle Jo A dakld

adl i i peationl Gaalal) o sladl S colLiasl) ad!

LBl calazy () patiuall dxalall c‘;)u\ gy C_“Jd QJL}X\JS)A\ 2

-

AadAl)

i Oalyall Cal Y i i je Jlae) 8 Gaia V) a3 Aded e saill () ge 0 B3y s A o ) A ol sda cdan
(FSG) olrall jSudl and ((IGF-1) (ol s and saill Jale ¢((GH) sl 0 50 58 Jia 4 s gl Gl puaiial) Glany (o8
AU aidie iaal) o455 ((HDL-C) AU e aall (s ) o(TG) 480 ¢y saal) ((TC) Jsimad s (b sl ¢
525 Om s leel o) 55 et o il Al o3 & & jLs (VLDL-C) Jas AU (midia il 04555 5l 5 «(LDL-C)
Cun e S JLiall men Aildas Cadi plaal | S 8L 40 )5 ) jall Gl RY) adiil iy (0 aeie 40 S (Lle 65
p Lsale I ACRO oy o Jin )Y a5 Agllad Cauaddl) de sane <0 aual) QLS jige ciln Q35 (uinll g penl)
TG 5TC 51GF-1 5 GH <l e Cuai ) Ly oI sale JS5 HDL-C €lIXS (addi) 8 5 cddajliall de seaally 45 )lia <0.05
L5l s FSG by siuse (8 P> 0.05 dibuas) A2 3 3558 llia (S5 als p <0.05 L sake US54 VLDL-C 5 LDL-C 5
aaall jim V1 oy 550 Adlad cpe JBT il sisn a2l ACRO (o 30 O (o) o o A0ad) A jall il ) slaa¥) g oo yall (p
Gyl LS e (g 3 jay Jadfind agalal o (ny Laa ¢ (Basale pe JS50) L sl dame (o JB) il siasa s (Lo sale JS )

sl Allee 8 Lgalastiny

LA 5y sa ¢l gVl A gail) Jale ¢ gaill gy cal pRY) adial ¢ ia V) a3l sdsalidal) cilalsl)

Page | 3715


https://doi.org/10.21123/bsj.2024.8784
https://doi.org/10.36295/ASRO.2020.231131
https://doi.org/10.1016/j.mce.2020.111038
https://doi.org/10.21123/bsj.2022.6104
https://doi.org/10.21123/bsj.2023.7797
https://doi.org/10.1055/s-0035-1564200
https://doi.org/10.1016/j.clnu.2009.08.015
https://doi.org/10.1016/0002-9343(60)90101-7
https://doi.org/10.3389/fphys.2018.00526
https://doi.org/10.1530/acta.0.1000358
https://doi.org/10.1016/s0021-9150(00)00433-0

