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© O . ABSTRACT

Cardiovascular diseases are the main cause of death worldwide. High choles-

i terol level is a risk factor for coronary artery disease. Cholesterol production is regulated by the enzyme
Received: 14 Apr 2023 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase. Statins, as the inhibitors of HMG-CoA
Accepted: 06 Jun 2023 ¢ reductase, are often used as cholesterol-lowering drugs to prevent cardiovascular diseases. This study
aims to synthesize novel derivatives of atorvastatin and investigate their effect on liver and kidney serum
parameters, function, and histology.
[VETTELE Atorvastatin derivatives named S1, S2, and S3 were synthesized by acylation of the benzene
ring of atorvastatin. The effect of compound S3 on serum parameters related to liver and kidney function
was evaluated in rabbits with a high-fat diet-induced hypercholesterolemia. SPSS software, version 20
was used to analyze the data using statistical tests.
ST The compound S3 increased high-density lipoprotein cholesterol and reduced total cholesterol,
low-density lipoprotein, and triglyceride compared to the standard drug atorvastatin during 30 days of
treatment (P<0.05). The liver enzymes were used to evaluate the toxicity of compound S3. In addition,
the S3 compound significantly reduced the amount of urea, creatinine, and uric acid compared to the
hyperlipidemic group. Histological study results showed that the compound S3 reduces tissue damage
in hypercholesterolemic rabbits.
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Keywords: [@TEIERT The S3 compound of atorvastatin can be considered as a cholesterol-lowering agent. This
Atorvastatin, Synthe- : indicates that phenyl rings with higher electron density attached to propargyl show better inhibitory ef-
sis, Blood cholesterol, fects against ?? The S3 can be an effective drug for preventing atherosclerosis. However, more research
HMG-CoAreductase : is needed to clarify its exact mechanism.
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Extended Abstract

Introduction

igh cholesterol level is a risk factor for cor-

onary artery disease. Hyperlipidemia is a

risk factor for fatty infiltration of the liver

that can lead to cirrhosis and liver failure
[4]. Hyperlipidemia plays an important role in the pro-
gression of kidney damage by causing fat disorders in the
kidney. The occurrence of chronic kidney diseases is re-
lated to the increased plasma triglyceride and low-density
lipoprotein (LDL) cholesterol levels and decreased high-
density lipoprotein (HDL) cholesterol level.

Statins, as the 3-hydroxy-3-methylglutaryl-coenzyme
A (HMG-CoA) reductase inhibitors, are often used as
cholesterol-lowering drugs to prevent cardiovascular dis-
eases. In this study, we aim to assess the effects of new
atorvastatin derivatives on serum parameters, kidney and
liver functions, and liver and kidney histology.

Methods

In this experimental study, all lab-grade chemicals were
obtained from Sigma factory (St. Louis, MO, USA). Lab-
oratory kits for measuring liver enzymes including serum
glutamic oxaloacetic transaminase (SGOT), serum glu-
tamate pyruvate transaminase (SGPT) and alanine ami-
notransferase (ALP), were prepared from Pars Azmoun
Company in Iran. Serum levels of triglycerides (TG),
HDL, and LDL were also analyzed using laboratory kits
from Pars Azmoun Company and an autoanalyzer (Biolis
24i, Tokyo, Japan). Atorvastatin derivatives S1, S2, and
S3 were synthesized by acylation of the benzene ring of
atorvastatin. The animals were New Zealand male rab-
bits, aged 4-6 weeks, with an initial weight of 1.7-2 kg.
They were purchased from the Karaj Serum Factory in
Iran and transferred to the animal house of Islamic Azad
University, Falavarjan Branch. Rabbits received a high-
fat diet (HFD) containing cholesterol powder, rapeseed
oil, and a standard laboratory diet for 30 days. To investi-
gate the effect of the drug on the liver and kidney tissue
of rabbits, liver and kidney samples were fixed in 10%
formalin at room temperature for further histological ex-
amination. One-way ANOVA was used to examine the
significant differences between the groups, followed by
the least significant difference (LSD) post hoc test and
Duncan’s test to examine the significant differences in
each group. Graphs were drawn in GraphPad Prism soft-
ware, version n 9. All clinical tests were repeated three
times for each group. Differences were considered statis-
tically significant when P<0.05.
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Results

To assess the effect of compound S3 on the lipoproteins,
three different concentrations (10, 20 and 40 mg/kg)
were used. The results showed that all concentrations of
S3 reduced cholesterol, LDL, very-low-density lipopro-
tein (VLDL) and TG, and increased HDL in rabbits. The
level of TG in the hypercholesterolemic group increased
significantly compared to other groups (P<0.001). The
groups received atorvastatin derivatives showed a sig-
nificant decrease in TG level compared to the control and
hyperlipidemic groups. The 10-mg/kg dose of S3 showed
a similar effect in reducing LDL compared to the stan-
dard drug. The 20-mg/kg dose of S3 reduced LDL level to
the level of the control group. Treatment with 20-mg/kg
and 40-mg/kg S3 significantly reduced SGOT and SGPT
levels compared to the hyperlipidemic group (P<0.001).
The SGPT level increased in the group received atorvas-
tatin, while it showed a significant decrease in the group
received S3 at a concentration of 40 mg/kg compared to
the control group. A significant decrease in the amount
of ALP was observed in the hyperlipidemic group com-
pared to other groups (P<0.001). The values of urea, cre-
atinine and uric acid in the hyperlipidemic group were
significantly increased compared to the control group
(P<0.001). Treatment with 10 mg/kg S3 significantly re-
duced the amount of urea, creatinine, and uric acid com-
pared to the hyperlipidemic group (P<0.001).

According to the findings, the control group had normal
liver cells and there was no fatty degeneration. The HFD
group showed significant liver tissue changes. Compared
to the control group, the hypercholesterolemic group had
lost the nucleus and membrane. Diet with high choles-
terol caused damage to liver cells in the form of fatty
destruction in central venous areas. Atorvastatin and S3
groups (10 and 20 mg/kg) had mild fatty degeneration.
Fatty degeneration in these groups was less than in the
HFD group. Treatment with compound S3 (40 mg/kg)
for 30 days reduced the fatty degeneration of hepatocytes
compared to the hypercholesterolemic group. The kidney
tissue of control group was normal in terms of cortex and
medulla. In the group received atorvastatin, the structure
of kidney tissue in the cortex was normal. In the medulla,
most of the points were normal, and destruction and ly-
sis of the thick Henle wall and collecting tubules were
observed in about 10%. In the 10-mg/kg S3 group, the
disturbances in the medulla were greatly reduced and
reached a normal state. The 40-mg/kg S3 group had the
same severity of disorders as the 20-mg/kg S3 group.
However, the injuries in these groups were less than the
HFD group.

Najafi Sh, et al. Synthesis of New Derivatives of Atorvastatin and it's Effects. Qom Univ Med Sci J. 2023; 17:E2866.1



http://journal.muq.ac.ir/en
http://iaufala.ac.ir/
http://iaufala.ac.ir/

Medical Sciences Journal

maom University of

Conclusion

The S3 compound of atorvastatin may be a potent anti-
hypercholesterolemia agent. This indicates that phenyl
rings with higher electron density attached to propargyl
show better inhibitory effects. The S3 compound can be
an effective drug in preventing atherosclerosis. However,
more study should be conducted to elucidate the exact
mechanism.
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2. Low Density Lipoprotein (LDL)
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7-(2-(4-fluorophenyl)-5-isopropyl-3-(4-(prop-2-yn-1-yl)phenyl)-4-((4-(prop-2-yn-1 yl)phenyl)carbamoyl)-1H-pyrrol-1-yl)-3,5-

dihydroxyheptanoic acid (S3)

Yield: 60%, brown solid, m.p. >159 °C. FTIR (KBr.cm-1): 3407 (OH), 1646 (C=0), 2962 (CH-Ar), 1593 (C=C). *H NMR: ((400Hz; CDCI3) § 7.78-7.06
(13H, m, arom. H), 6.71 (1H, s, CH(OH)CHZCOOH), 4.0-4.0 (2H, t, J=8Hz, NCHZ), 3.8 (1H, m, CH(OH)CHZCOOH), 3.5 (1H, m, CH(CH3)2), 3.4 (1H,
m, NCH,CH,CH(OH)), 3.3 (2H, 5, CH2C=CH) 3.02 (*H, 5, C=CH) 2.3-2.3 (*H, m, CH(OH)CH,COOH), 1.6 (*H, m, NCH,CH,CH(OH)), 1.5 (*H, m, CH(OH)
CH,CH(OH)), 1.2 (6H, s, CH(CH,)2). MS (m/z): 430.4, 522.4; calculated M.w. 596.6 g/mol.
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