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Abstract:

The aim of the research is the molecular detection that metformin and propylthiouracil induce on
the leptin gene .The research was conducted on female rats with an average weight ranging from
150-180 grams and an age group ranging from 4.5-5.5 months, was divided into four groups and
all groups were given water and food throughout the trial period, the results of the current study
showed that metformin and propyl thiouracil in terms of mutation rate, as the combination
therapy resulted in higher values in the percentage of mutations and deletions

Introduction

The leptin gene is located on the human chromosome 7g31. 3, while in the mouse it is located on
chromosome 6 , the similarity between leptin precursors in humans, mouse and rat is very high,
that is, the similarity of Mouse and rat is 96% and the similarity of Mouse and human is 83%, the
DNA of the leptin gene contains more than 15,000 base pairs and consists of three exons and two
introns[1]. Researchers from Rockefeller University in New York announced in 1994 the first
successful cloning of complementary DNA (cDNA) of leptin using the method of local cloning,
leptin was identified as the gene of the mouse Psammomys Obsus ob / ob in genetic obesity
syndromes, where he has strong control over food intake, body weight and energy expenditure
[2] The name leptin is derived from the Greek wordleptos, which means thin or light Thin™ [3].
The LEP gene is encoded to produce a 16K / Dalton glycoprotein known as leptin, which contains 761
amino acids[4]. Leptin is involved in the regulation of body weight as fat cells in the body release the
hormone leptin in proportion to the size of the body and with the accumulation of fat in the cells, more
leptin is produced, leptin binds to a protein called the leptin receptor and is active as it is proportional to
the receptor such as lock and key and the leptin receptor protein is found on the surface of cells in many
The organs and tissues of the body, including the hypothalamus hypothalamus, where the function of
leptin in the body is related to regulating the balance between food intake and energy expenditure, as the
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primary role of leptin is to serve as a marker of long-term energy stores of the central nervous system[5]
The leptin receptor is a glycoprotein belonging to the cytokine family of Class 1 that is significantly
associated with the signal transduction component qp130 of the interleukin-6 receptor (IL-6 ) and is a
granulocyte colony-stimulating factor (G-CSF) and a leukemia inhibitory receptor factor (LIF), the leptin
receptor contains at least six similar forms with a difference in inclusion (Ob,Ra,b,c,d,e,f) [6]
Metformin hydrochloride (1-1 dimethyl biguanide hydrochloride) its chemical formula is
C4H11NS5, it is in the form of a white crystalline powder soluble in water and slightly soluble in
ethanol, but insoluble in acetone, ether and chloroform[7]. Metformin is the first-line drug of
choice for the treatment of Type Il diabetes mellitus Especially in overweight and obese people
who have normal kidney function, metformin is from the Biguanide class and is sold under the
trade name Glucophage[8]. Propylthiouracil (PTU) is classified from the pharmaceutical family
thiamide, an organic compound chemically synthesized from ethyl 3-oxohexanoate and thiourea,
its chemical name is 6-propyl-2thiouracil, its chemical formula is C7H10N20S, as it is in the
form of a white crystalline solid that can be found in the form of crystals or powders it dissolves
in organic solvents such as ethanol, ether and acetic acid[9].

Key words: Metformin, Propylthiouracil, Leptin gene

Materials and Methods:
Experimental animals

This study was conducted for the period(2023\11\20 to 2024\1\18) at the Animal House of the
Faculty of Veterinary Medicine-Tikrit University, and this study used female albino rats,
numbering (28) rats, the animals were placed in pre-prepared clean plastic cages and the
necessary cages were prepared and sterilized by (ethanol alcohol concentration of 99%) and were
divided into (4) groups, each group included (7) animals of similar weights these animals were
exposed to laboratory conditions, and of which 12 hours of light and water 12 hours of darkness,
The temperature was set to (23-25) degrees Celsius and the animals were left for two weeks to
settle and adapt in their new place after making sure they were free of diseases and given water
and food continuously throughout the experiment .

1-The first group (Control) :was given water and food daily for 50 days.

2- The second group (Metformin ): was given 1 ml of distilled water for 25 days and from the
26th day metformin (50 mg /kg) of body weight was dosed daily to 50 days.

3- The third group (Propylthiouracil ): this group was given from the first day to day 25
propylthiouracil at a dose (15 mg/kg) of body weight and then from day 26 to day 50 doses of
distilled water.

4- The fourth group (Propylthiouracil & Metformin) was given propylthiouracil from the first
day to day 25 and then from day 26 to day 50 dosed with metformin .
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Drugs used in the experiment

e The drug propyl thiouracil in tablet form, manufactured by the lItalian drug
company Recordati, where one tablet had a concentration of 50 mg, dissolved in
distilled water and then dosed rats by (1) ml per rat, at a dose of (15 mg /kg) of
body weight [10].

e The drug metformin in the form of a white crystalline powder was obtained from
the general company for the manufacture of medicines \Samarra and was dissolved
in distilled water, then the rats were dosed by (1) ml per rat and at a dose of (50 mg
/ kg) of body weight [11].

Collect blood samples

After the end of the experiment and the completion of the autopsy of the animals, the blood was
drawn from the heart directly by cardiac Puncture and (5) ml of blood was withdrawn and (2)
mL was placed in tubes containing anticoagulant tube EDTA and was kept at a temperature of
(20-) in preparation for the subsequent DNA extraction process.

Molecular Analysis

Molecular studies were conducted at the Department of central laboratories — presidency of
Tikrit University, which included DNA extraction and measurement of its concentration and
purity based on the methodblood g DNA Miniprep System Method Relia PrepTM equipped by
the American company Promega [12]. The leptin gene was detected using the Thermal Cycler
PCR equipped by Applied bio system\Sweden with a final volume of 25 microliters, as well as

using specialized primers[13].
Forward primer:"CTCATTTACCCAGGGGGTCT

Reverse primer:"”ACACCCAGAGAAGGCAAGTG

Statistical Analysis(P < 0.05)

For some samples; A4, A5, A7, A9 and A10, SNPs and Windels have statistically significant
values indicating a real effect of the therapies; metformin or propylthiouracil on the Leprot gene.
Also, chi-squared (x2) this value gives the chi-squared test value for suitability for testing
genotype frequencies of mentally ill patients against the expected genotype frequencies
according to the Hardy-Weinberg scale. Indicates a value greater than 3.84. To one degree of
freedom that the observed frequencies differ significantly from the predicted ones; therefore, it is
highly likely that the distribution of SNP in mice is driven by drug treatments[14].
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PCR Program

he samples are inserted into the thermal polymerizer device and the program (heat / time) is
applied at a temperature of 94 degrees Celsius for the first stage of the metamorphosis for 5
minutes, followed by 35 cycles of the first metamorphosis 94 for 45 seconds and the primer
bonding degree 58 degrees Celsius for 45 seconds, then the initial elongation stage at a
temperature of 72 for 45 seconds and then the final elongation stage 72 for 7 minutes . After the
end of the program, the samples were left to cool the device at a temperature of 4 degrees Celsius
and then the electrical relay was carried out .

RESULTS AND DISCUSSION

DNA Extraction:

The DNA genetic material of the control group and the treatment group was extracted with
metformin, propylthiouracil and propylthiouracil & metformin and DNA with a concentration of

507.7 to 248.3 ng/mL with a strength ranging from 1.6 to ng/ml 1.9 was obtained as shown in
Figure(1).
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Figure (1): model of the results of electrophoresis of DNA extraction

Leptin gene detection:

The results of the analysis of the PCR technique showed the receptor of the leptin gene as shown
in Figure (2)
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Figure (2) :electrophoresis of the results of the PCR amplified segment of the leptin gene
receptor on acarose gel 2% concentration for the control group and the treatment group with
metformin, propylthiouracil, metformin & propylthiouracil in female rats

Table (1): represents the polymorphisms of single nucleotides (SNPs ) and insertions and
deletions(Indels) in the Leport gene for 12 samples of the study samples, where samples from (1-
3) represent the control group, while samples from (4-6) the metformin treatment group, while
samples from (7-9 ) the propylthiouracil treatment group and samples from (10-12) the
rubylthiouracil& metformin treatment group .

Sample | Position | Mutation Base Type | Genotype Allele Chi- P-value
ID Type Change | of (Based on Frequenc | Square
SNP | Sequence y(p/a) | (x?)

Alignment)

Al 758 Transversion | G—>T SNP Homozygous p=1 0.5 0.47
wild-type (AA)

A2 818 Transition C->T SNP Homozygous p=1 0.3 0.58
wild-type (AA)

A3 715 Deletion -A Indel | Homozygous p=1 0.1 0.75
wild-type (AA)

Ad 708 Transversion | G—>T | SNP | Heterozygous p=0.75 |4.1 0.042
(Aa) g=0.25

A5 754 Deletion -T Indel | Homozygous p=05q |5.2 0.028
mutant (aa) =0.5

A6 977 Transition T->C SNP Homozygous p=1 0.2 0.65
wild-type (AA)

A7 757 Transversion [ T—>G SNP Homozygous p=04,q | 4.6 0.039
mutant (aa) =0.6

A8 819 Deletion -T Indel | Heterozygous p=05q |39 0.049
(Aa) =0.5

A9 820 Transversion | G—>T | SNP | Homozygous p=0.25, |6.2 0.01
mutant (aa) g=0.75

Al10 977 Transversion [ T—>G SNP Heterozygous p=0.6,q | 4.5 0.043
(Aa) =04

All 978 Transversion | G—>T | SNP | Homozygous p=1 0.4 0.55
wild-type (AA)

Al12 756 Deletion -G Indel | Heterozygous p=04,q | 3.7 0.052
(Aa) =0.6

Control group (A1-A3): the control group showed an insignificant number of single nucleotide
polymorphisms, with dominant AA alleles. This suggests that the analogue of the Leprot gene
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promotes that under regular physiological functioning, Leprot carries high accuracy which means
few or no mutations. The absence of single nucleotide polymorphism in the control group
indicates that the Leprot gene in mice shows high preservation and low levels of polymorphism
under normal physiological conditions. This result supports the proposed theory that the leptin
signaling pathway is involved in metabolic regulation and almost identical populations, with rare
evidence of spontaneous mutations in this gene.

Metformin Group (A4-A6): metformin-treated samples showed a heterozygous mutation
represented by SNPs in sample A4 at position 754 and a deletion represented by A5. And in the
presence of a heterozygous Leprot mutation, metformin has the ability to cause genetic
instability in the gene, but the effect is moderate, since most mutations are heterozygous and not
homozygous. It is understood that metformin alters metabolic actions by reducing weight and fat
[15; 18 ] and functional differences in genes involved in leptin signaling may be related to
insulin action and metabolic control. Some mutations identified in the metformin group suggest
that metformin alters gene expression by altering epigenetic marks and may cause slight
polymorphism of metabolic genes. Leptin is known to play a role in the regulation of food intake
and metabolism[16;19] through the Lippert gene encoding the sensitivity of leptin receptor
tissues, and there is reason to believe that metformin may have altered the leptin signaling
pathway through increased leptin sensitivity in tissues that may have caused the appearance of
SNPs in the Lippert gene.

Propylthiouracil group (A7-A9): more severe SNP was recorded specifically in samples treated
with propylthiouracil where some samples (A7, A9) showed homozygous mutations (aa).
Propylthiouracil may alter transcription and epigenetic differences in the leptin pathway as
antithyroid drugs which have been reported to influence thyroid hormone regulation of
metabolism[17;20 ;21 ;22] The SNPs identified in the propylthiouracil group correspond to the
action of this drug on the thyroid hormone turnover. Their results also proved that
propylthiouracil affects thyroid signaling networks along with other metabolic genes with leptin
among them. Changes in leptin signaling can be due to differences in thyroid hormone levels
which may be the reason for the large number of mutations in the group treated with
propylthiouracil.

Propylthiouracil & metformin group (A10-Al2): in terms of mutation rate, combination
therapy yielded higher values representing mutations and deletions, for example, A10 at position
977. The combination of the use of metformin and propylthiouracil seems to cause more
profound changes. The results of the Lippert gene may indicate a synergistic or even an upward
effect on the genetic control of this pathway. This may be due to the synergistic effect of
variability in metabolic pathways of action, insulin resistance and thyroid function. The two
drugs, metformin and propylthiouracil, had a cumulative mutagenic effect compared to the
individual effect of the two drugs on the Lippert gene because metformin and propylthiouracil
together increase the frequency of SNPs and indels more than the two drugs separately. In both
antidiabetic and antithyroid drugs, the severity of the observed metabolic effects can be
explained by the disruption of normal leptin signaling. This interaction may impose potential
effects on energy balance and metabolic regulation that may be greater than the effects caused by
each drug individually
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CONCLUSION:

The results of the current study show that metformin and propylthiouracil, individually and in
combination with each other, affect epigenetic changes in the Leprot gene, changes that may
affect leptin signaling and metabolic control. The control group showed the importance of this
gene under normal conditions and the change as a result of these drugs which may lead to some
genetic variability manifested in terms of SNP and indels. The results presented here indicate
that both metformin and propylthiouracil affect metabolic genes and pathways involved in the
regulation of insulin and thyroid hormone.
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