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ABSTRACT

Statin treatment may increase the risk of diabetes; there is insuffi-
cient data on how statins affect glucose regulation and glycemic
control and the effects of statins on liver enzymes related to carbo-
hydrate metabolism have not been fully studied. Therefore, we
aimed to compare the effects of the statin derivatives, pravastatin,
and rosuvastatin, on carbohydrate metabolism in an experimental
diabetic rat model. Female Wistar albino rats were used and diabetes
was induced by intraperitoneal injection of streptozotocin. There-
after, 10 and 20 mgkg™ day! doses of both pravastatin and rosuva-
statin were administered by oral gavage to the diabetic rats for 8
weeks. At the end of the experiment, body masses, the levels of fas-
ting blood glucose, serum insulin, insulin resistance (HOMA-IR),
liver glycogen, and liver enzymes related to carbohydrate metabo-
lism were measured. Both doses of pravastatin significantly increa-
sed the body mass in diabetic rats, however, rosuvastatin, especially
at the dose of 20 mgkg™ day™ reduced the body mass significantly.
Pravastatin, especially ata dose of 20 mgkg™ day™, caused significant
increases in liver glycogen synthase and glucose 6-phosphate
dehydrogenase levels but significant decreases in the levels of
glycogen phosphorylase, lactate dehydrogenase, and glucose-6-
-phosphatase. Hence, pravastatin partially ameliorated the adverse
changes in liver enzymes caused by diabetes and, especially at
the dose of 20 mg kg day, reduced the fasting blood glucose level
and increased the liver glycogen content. However, rosuvastatin,
especially at the dose of 20 mg kg™ day™, significantly reduced the
liver glycogen synthase and pyruvate kinase levels, but increased
the glycogen phosphorylase level in diabetic rats. Rosuvastatin,
20 mgkg ' day ' dose, caused significant decreases in the body mass
and the liver glycogen content of diabetic rats. It can be concluded
that pravastatin, especially at the dose of 20 mgkg™ day™! is more
effective in ameliorating the negative effects of diabetes by modu-
lating carbohydrate metabolism.
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Diabetes mellitus (DM) is a serious disease characterized by abnormalities in protein,
lipid, and carbohydrate metabolism resulting from defects in insulin secretion, insulin
action, or both (1).

The main symptom of diabetes is chronic hyperglycemia which causes many meta-
bolic complications. The liver plays a central role in maintaining glucose homeostasis.
Uncontrolled hepatic glycogenolysis, gluconeogenesis, and decreased glucose utilization
are the main factors causing hyperglycemia in diabetics (2). Enzymes involved in the regu-
lation of hepatic glucose production are potential targets for the regulation of glucose
homeostasis in diabetes.

In addition to hyperglycemia, dyslipidemia is a common feature of diabetes and plays
a role in the emergence of cardiovascular complications, which are the most important
causes of death in diabetes. Therefore, lipid-lowering drugs are recommended to prevent
cardiovascular events in diabetic patients.

Statins are inhibitors of cholesterol synthesis and are the most widely prescribed
lipid-lowering drugs for the treatment of dyslipidemia since the 1980s. Although statins
have beneficial effects on blood lipid profiles and vascular events, it has been mentioned
that there may be a relationship between statin usage and the development of DM in recent
years (3-5). There are different types of statins according to their chemical structures.
Hydrophilic statins such as pravastatin and rosuvastatin may cause fewer side effects than
lipophilic ones such as simvastatin and atorvastatin (6, 7). Some clinical studies have
shown that rosuvastatin may cause the onset of diabetes (8—11) while pravastatin reduces
the risk of DM (12). The effect of statins on glycemic status can also differ according to the
dose of the drugs (13, 14).

Although there are some clinical studies regarding the positive and negative effects
of statins on the development of DM, there are not enough experimental studies on this
subject. Moreover, there is insufficient data on how these statins affect glucose regulation
and glycemic control. The effects of statins on liver enzymes related to carbohydrate meta-
bolism have also not been fully studied. Therefore, the aim of this study was to investigate
the effects of 10 and 20 mg kg day! doses of pravastatin and rosuvastatin on carbohydrate
metabolism in a streptozotocin-induced diabetic rat model.

EXPERIMENTAL

Chemicals

Streptozotocin (STZ), phosphate-buffered saline (PBS), bovine serum albumin (BSA),
and CuSO, x 5 H,0 were obtained from Merck KGaA (Germany). Citric acid monohydrate,
sodium citrate dihydrate, diethyl ether, NaOH, Na,CO,, sodium potassium-tartrate x 4
H,0, and Folin-Ciocalteu phenol reagent were obtained from Merck (Germany). Pravas-
tatin tablets (10 mg and 20 mg, Pravachol) were purchased from Deva Company (Turkey),
and rosuvastatin tablets (10 mg and 20 mg, Livercol) were purchased from Ilko Pharma-
ceuticals (Turkey).

Animals and experimental design

All experimental protocols were performed according to the guidelines for the care
and the use of laboratory animals. Ethical approval for the research was obtained from the
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committee for animal experiments at the Dicle University Medical Research Center, Diyar-
bakair, Turkey.

Forty-two Wistar albino female rats, 8-12 weeks old, with a body mass of 260-300 g,
were included in this study. Animals were housed individually in stainless steel cages
under standardized lighting conditions (12 hours daylight/12 hours dark) at a constant
temperature (25 + 2 °C) with a standard pellet diet and water available ad libitum.

Rats were divided into six groups, one healthy control, and five experimental (diabe-
tic) groups. Each group was comprised of seven rats. All rats in the control and experimen-
tal groups were alive until the end of the experiment.

Diabetes was induced by a single injection of STZ at a dose of 40 mg kg™ Streptozoto-
cin solution was prepared in 0.01 mmol L citrate buffer (pH 4.5) and injected into the
peritoneal cavity of each rat. The healthy control group of animals (C) was given citrate
buffer in the same way as a placebo. After 48 hours of STZ injection, fasting blood glucose
was measured by a glucometer (Tyson Bioresearch, Inc., Taiwan) in the blood samples of
the tail veins, and rats with blood glucose levels > 13.9 mmol L™ were considered diabetic
and included in the experimental (diabetic) groups.

After 72 hours of the induction of diabetes, diabetic rats were randomly divided into
five groups: untreated diabetic rats (D), diabetic rats treated with pravastatin at a dose of
10 mg kg day™ (PRV10), diabetic rats treated with pravastatin at a dose of 20 mg kg™
day™! (PRV20), diabetic rats treated with rosuvastatin at a dose of 10 mg kg™ day™ (RSV10)
and diabetic rats treated with rosuvastatin at a dose of 20 mg kg™! day™! (RSV20). Pravasta-
tin and rosuvastatin were dissolved in fresh drinking water at concentrations of 1 mg mL™
and 2 mg mL™.. Drugs were administered by oral gavage every evening for 8 weeks accor-
ding to their dosing of 10 or 20 mg kg™ day!. The doses of pravastatin and rosuvastatin
were chosen according to the previous studies in diabetic rats (15-18). C and D groups of
animals received a placebo (1 mL of tap water per day) by oral gavage every evening for
eight weeks.

Samples collection and storage

All animals were weighed at the beginning of the study (baseline) and at the end of
the study (final). Food intake and water consumption of all groups were also monitored on
a daily basis at a fixed time during the experimental period.

At the end of the study, following a 12-hour fasting, blood samples were collected
from the tail vein under ether anesthesia for the immediate analyses of blood glucose
levels. All animals were then sacrificed by cardiac puncture, and blood samples were
immediately centrifuged at 3700 rpm for 15 minutes at 4 °C. Serum supernatants were
separated and stored at —80 °C until the analyses of fasting insulin levels. Liver tissues
were rapidly removed, washed in ice-cold saline, and then divided into two halves. One
half was minced and homogenized at a 1:10 ratio (m/V) in ice-cold 0.1 mol L' PBS (pH 7.4).
The homogenates were centrifuged at 3700 rpm for 15 minutes at 4 °C. The supernatants
were stored at —80 °C for further analyses of glycogen content and carbohydrate meta-
bolizing enzymes including glycogen synthase (GS), glycogen phosphorylase (GP), lactate
dehydrogenase (LDH), glucose-6-phosphatase (G6Pase), fructose-1,6-bisphosphatase
(FBP1), hexokinase (HK), pyruvate kinase (PK), and glucose 6-phosphate dehydrogenase
(G6PD). The other half of the liver was stored at —80 °C for total protein determination.
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Biochemical analysis

Fasting blood glucose levels of all groups of animals were measured by using a gluco-
meter. Fasting serum insulin levels were measured by the electrochemiluminescence’s
immunoassay using an automated analyzer (Cobas e601 module; Roche Diagnostics, Ger-
many). Insulin resistance was calculated from the formula for homeostasis model assess-
ment of insulin resistance (HOMA-IR) (19):

HOMA-IR = fasting insulin (mU L) x fasting glucose (mmol L1)/22.5

Liver glycogen, GS, GP, LDH, Gé6Pase, FBP1, HK, PK, and G6PD levels were measured
by ELISA kits. All procedures were performed in accordance with the manufacturer’s in-
structions. Total protein levels in liver samples were measured by the Lowry method using
bovine serum albumin and Foline-phenol reagent (20). The liver glycogen content, GS, GP,
LDH, G6Pase, FBP1, HK, PK, and G6PD levels were calculated according to the ratio of
ELISA measurements of each parameter to total protein levels.

Statistical analysis

Statistical analyses were carried out using SPSS software (SPSS Version 24.0, IBM
Corp., USA). Measurement data were tested for normal distribution and homogeneity of
variance. Kruskal-Wallis non-parametric test was performed to compare all groups. The
Mann-Whitney U test with Bonferroni correction was applied for pairwise post hoc com-
parisons. A value of p < 0.003 was considered to be statistically significant. Continuous
variables were expressed as mean + SD. Categorical variables were expressed by percent-
ages (%).

RESULTS AND DISCUSSION

Body mass changes, daily food intake, and daily water consumption

The baseline body masses of the C group and all experimental groups (D, PRV10,
PRV20, RSV10, RSV20) are shown in Table I. The final body mass of the C group was incre-
ased by 20.7 % compared to its baseline value. However, the final body mass of D, PRV10,
PRV20, RSV10, and RSV20 groups decreased, resp., by 18.6, 15.6, 15.3, 18.1, and 20.4 % com-
pared to their own baseline values. The final body mass of both PRV10 and PRV20 groups
was significantly higher (both, p < 0.003), but the final body mass of the RSV20 group was
significantly lower (p < 0.003) than that of the D group. As shown in Table I, daily food
intake and water consumption in all experimental groups were significantly higher than
in the C group (all, p <0.003). However, there were no significant differences in daily food
intake and water consumption between D and any of the groups treated with statins
(PRV10, PRV20, RSV10, RSV20, resp.) (p = 0.143, p = 0.157, p = 0.265, p = 0.357, and p = 0.337,
p=0.197, p=0.056, p = 0.135, resp.).

Body mass loss may occur in diabetic patients, especially those not under medical
control. It results from the catabolism of fats and proteins, as glucose cannot be used as an
energy source in muscle and other tissues (21). In the present study, the body mass of all
diabetic rats decreased significantly. Both doses of pravastatin significantly increased the
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body mass in our diabetic rats. However, we noticed that rosuvastatin treatment, especi-
ally at the dose of 20 mg kg™ day™, reduced the body mass even more than that in D rats.
Similar to our results, a previous study had shown that body mass had been decreased in
diabetic rats treated with rosuvastatin (22).

Blood glucose, serum insulin and HOMA-IR index

Table 1II illustrates the levels of fasting blood glucose, fasting serum insulin, and
HOMA-IR indices in C and in all experimental groups at the end of the study. There were
significant increases in fasting blood glucose levels in all experimental groups compared
to the C group (all, p < 0.003). Fasting blood glucose levels were significantly lower in the
PRV20 group than in both D and RSV20 groups (both, p < 0.003). Moreover, fasting blood
glucose level was lower in the PRV10 group than in the RSV10 group (p < 0.003). Fasting
serum insulin levels in all experimental groups decreased approximately up to 50 % (all,
p <0.003), while the HOMA-IR indices in those increased by approximately three-fold (all,
p <0.003) compared to the C group. Fasting serum insulin levels did not show significant
differences between any statin-treated group (PRV10, PRV20, RSV10, and RSV20, resp.) and
the D group (p=0.522, p=0.249, p=0.798, and p = 0.853, resp.). There were also no significant
differences in HOMA-IR indices between any statin-treated group (PRV10, PRV20, RSV10,
and RSV20, resp.) and D group (p = 0.848, p =0.655, p = 0.482, and p = 0.585, resp.).

STZ-induced diabetic rats in our study had higher fasting glucose levels and insulin
resistance, but lower insulin levels compared to healthy control rats. Previous studies also
indicated that STZ injection in rats induced diabetes by increasing the levels of fasting
glucose and insulin resistance, but decreasing insulin levels (23, 24). Both of the statins
used in this study were hydrophilic and 20 mg kg™ day dose of pravastatin treatment
reduced the fasting blood glucose levels significantly compared to the untreated diabetic
rats and diabetic rats treated with 20 mg kg™ day™! rosuvastatin. Both doses of rosuva-
statin, on the other hand, caused a slight, but not significant, increase in fasting glucose
levels in diabetic rats. Similar to our results, some studies have shown that pravastatin
treatment has beneficial effects on glycemic control and was associated with a reduction
in the incidence of diabetes (12, 25-28). In contrast to this, the study by Keech et al. (29)
indicated no effect of pravastatin on diabetes. In another study, an even higher incidence
of DM was observed in pravastatin users (30). In that study, patients were in old ages,
between 70 and 82 years old, and treated with 40 mg kg™ day™ of pravastatin. Moreover,
there are also contradictory results about the effect of rosuvastatin on diabetes. Some
studies reported that rosuvastatin treatment had no effect on fasting blood glucose levels
(7,31, 32); our results are similar to these studies. However, there are some studies showing
that rosuvastatin treatment increased fasting glucose levels (8, 11, 33). The dosage and
duration of statin use might affect the fasting glucose level and development of DM in
patients (5, 34, 35).

In our study, neither of the statins’ doses seemed to cause any significant changes in
insulin levels and insulin resistance in diabetic rats. It was also reported that pravastatin
treatment had no effect on insulin levels (36) and insulin sensitivity/resistance in hyper-
cholesterolemic and diabetic patients (37). Similarly, in vitro studies indicated that insulin
secretion was not affected in {3 cells treated with pravastatin (4). A study by Thongtang et
al. (38) showed that serum insulin levels significantly increased in hyperlipidemic patients
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treated with 40 mg day™' rosuvastatin, but in another study, it was shown that rosuvastatin
treatment caused an increase in insulin resistance (34). The effect of statins on insulin
level and insulin resistance might vary according to factors such as characteristics of the
subjects used, the type and the dose of the drug, and the duration of the use. Furthermore,
it was also shown that rosuvastatin treatment is associated with a significant dose-depen-
dent increase in insulin resistance. Similarly, intensive-dose statin therapy resulted in an
increased risk of developing diabetes compared to moderate-dose statin therapy (14, 35).

Glycogen metabolism

Table III shows the liver glycogen content and the enzymes related to glycogen meta-
bolism in C and all experimental groups. Significant decreases in liver glycogen contents
and GSlevels were observed while there were significant increases in GP levels in all experi-
mental groups compared to the C group (all, p <0.003). Glycogen content was higher in the
PRV20 group (p < 0.003) but lower in the RSV20 group (p < 0.003) than in the D group. GS
levels increased significantly in both PRV10 and PRV20 groups (both, p < 0.003) while
decreased significantly in both RSV10 and RSV20 groups (both, p < 0.003) compared to the
D group. However, GP levels significantly increased in RSV10 and RSV20 groups (both,
p <0.003) but decreased in PRV10 and PRV20 compared to the D group (both, p <0.003).

Glycogen content in various tissues such as skeletal muscles and the liver indicates
insulin activity since insulin regulates glycogen storage by stimulating glycogen synthase
and inhibiting glycogen phosphorylase enzymes (23, 39). It has been shown that glycogen
content and GS activity are decreased and GP activity is increased in STZ-induced dia-
betic rats (2, 23, 39). Similar to these previous studies, our study also showed that there
were significant decreases in GS levels but significant increases in GP levels in all diabetic
groups compared to the C group. As a result of these changes, we also observed significant
decreases in liver glycogen levels in all diabetic groups compared to the C group. Both
doses of pravastatin caused a significant increase in GS levels but a decrease in GP levels
in our diabetic rats. Consequently, an increase in glycogen level was observed, especially
in the diabetic group treated with 20 mg kg™ day™ pravastatin. However, both doses of
rosuvastatin decreased the GS and increased the GP levels and consequently, a decrease
in glycogen level was observed, especially in the diabetic group treated with 20 mg kg™
day! rosuvastatin. In the literature review, we could not find any study examining the
effects of statin therapy on enzymes related to liver glycogen metabolism. Based on our
results, 20 mg kg‘1 day‘1 dose of pravastatin might have positive effects on glycogen meta-
bolism while rosuvastatin might have negative effects.

Glucose metabolism

Table IV shows the gluconeogenic and glycolytic enzymes related to glucose metabo-
lism in the control and all the experimental groups. To the best of our knowledge, this is
the first study to measure the effects of pravastatin and rosuvastatin on enzymes related
to glucose metabolism.

Gluconeogenic enzymes. — The levels of LDH, G6Pase, and FBP1 were significantly incre-
ased in all experimental groups compared to the C group (all, p < 0.003). LDH levels were
lower in both PRV10 and PRV20 groups than in the D group (both, p <0.003). G6Pase level
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was significantly lower in the PRV20 group than in the D group (p < 0.003). LDH levels
were not significantly different in both RSV10 and RSV20 groups compared to the D group
(p = 0.565 and p = 0.025, resp.). G6Pase levels did not show any significant differences in
both RSV10 and RSV20 groups compared to the D group (p = 0.225 and p = 0.018, resp.).
FBP1 levels did not show significant differences between any statin-treated group (PRV10,
PRV20, RSV10, and RSV20, resp.) and the D group (p = 0.006, p = 0.004, p = 0.025, and
p=0.018, resp.). However, there was a trend for FBP1 levels to decrease in PRV10 (p = 0.006)
and PRV20 (p = 0.004).

LDH is an enzyme that plays an important role in obtaining energy under anaerobic
conditions. It has been shown that LDH activity increases in diabetes (40). Increased LDH
level affects normal glucose metabolism and insulin secretion in pancreatic {3 cells and
may be directly responsible for insulin secretion defects in diabetes. Also, high levels of
LDH in hepatic tissue indicate increased cell damage (23). In our study, hepatic LDH level
was found to be significantly higher in all diabetic rats compared to the C group (all, p <
0.003). Both 10 and 20 mg kg day doses of pravastatin significantly decreased the LDH
levels in diabetic rats (both, p < 0.003). This might be one of the causes of the significant
decrease in fasting blood glucose levels in the PRV20 group.

Go6Pase plays a key role in the gluconeogenesis and glycogenolysis pathway and cata-
lyzes the hydrolysis of G6P to glucose, resulting in an increase in blood glucose level;
glucose production can be slowed down by suppression of G6Pase activity (41). Increases
in fasting blood glucose levels are accompanied by increases in G6Pase levels (23, 42). Our
study also showed that G6Pase levels were significantly increased in all diabetic rats com-
pared to the C group (all, p <0.003) but 20 mg kg™ day™ of pravastatin decreased the Gé6Pase
levels in diabetic rats. This might be the reason for decreased fasting blood glucose levels
and increased glycogen content in the PRV20 group.

FBP1 catalyzes the dephosphorylation of fructose-1,6-bisphosphate to fructose-
-6-phosphate. This step is necessary for the reversal of glycolysis. The activity of this
enzyme in diabetic animals increases due to insulin deficiency leading to hyperglycemia
(43). FBP1 levels were increased in all experimental groups of diabetic rats. Both prava-
statin doses of 10 and 20 mg kg™ day! did not cause any significant effect on FBP1 levels
in our diabetic rats (p = 0.006 and p = 0.004, resp.). Similarly, rosuvastatin doses of 10 and
20mg kg™ day™ also did not have any significant effect on FBP1 levels in the diabetic rats
(p=0.025 and p = 0.018, resp.). However, there was a trend for a decrease in FBP1 concent-
rations in the diabetic rats treated with 10 and 20 mg kg™ day™ doses of pravastatin
(p=0.006 and p = 0.004, resp.). With pravastatin treatment resulting in a trend for a decrease
in FBP1 concentration at both doses, pravastatin might be more efficacious than rosuvastatin
in reducing FBP1 concentrations in diabetic rats.

According to the above results, it seems that pravastatin might reduce diabetes by
decreasing gluconeogenic enzyme levels, especially LDH and Gé6Pase.

Glycolytic enzymes. — The levels of HK, PK, and G6PD significantly decreased in all
experimental groups compared to the C group (all, p < 0.003). HK levels did not show any
significant differences between PRV10, PRV20, RSV10, and RSV20, resp.) and D group
(p=0.035, p=0.004, p=0.277, and p = 0.013, resp.). Nevertheless, a trend for the HK level to
increase in the PRV20 group (p = 0.004) is evident. PK level was lower in the RSV20 group
than in the D group (p <0.003). G6PD levels were higher in both PRV10 and PRV20 groups
than in the D group (both, p < 0.003).
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HK is the first regulatory enzyme of the glycolytic pathway involved in glucose oxi-
dation. Since HK is an insulin-dependent enzyme, hepatic HK activity is significantly
inhibited in diabetic rats. This inhibition leads to a significant decrease in the rate of
glucose utilization and, consequently, results in hyperglycemia (42). We also determined
that HK level was significantly reduced in all diabetic groups compared to the C group (all,
p<0.003). There was a trend for an increase in HK level in the diabetic rats treated with the
20 mg kg! day! dose of pravastatin (p = 0.004). 20 mg kg™ day' dose of pravastatin might
be the most efficacious among the examined doses of statin treatments to increase HK
levels in diabetic rats.

PK is a ubiquitously expressed key glycolytic enzyme. Changes in PK expression
affect glucose metabolism and energy production. We found that PK levels were signifi-
cantly lower in all diabetic groups compared to the C group. Similarly, in a previous study,
the liver PK levels had been significantly decreased in streptozotocin-induced diabetic rats
(23). The decrease in liver PK level might indicate that glucose utilization is decreased and,
consequently, energy balance is changed in diabetic rats. PK level was also lower in the
RSV20 group than in the D group. The significant decrease in PK level observed especially
in the RSV20 group suggests that diabetic complications may be more severe in this group.

G6PD contributes to the synthesis of fats from carbohydrates and ultimately lowers
plasma glucose levels. An increase in liver G6PD levels increases glucose entry into the
pentose monophosphate shunt, resulting in a decrease in fasting blood glucose levels (44).
It was noticed that hepatic G6PD activity was lowered in diabetic rats (45). Similarly, we
also have found that G6PD levels to be significantly decreased in all diabetic groups com-
pared to the C group. Interestingly, significant improvement in G6PD levels was observed
in our diabetic rats treated with both 10 and 20 mg kg™ day™ doses of pravastatin. Accor-
ding to our results, this improvement in G6PD level is parallel to the decrease in fasting
glucose level in our PRV20 group. This might show an improvement in glucose utilization
in diabetic rats treated with 20 mg kg™! day™! dose of pravastatin.

CONCLUSIONS

To the best of our knowledge, this is the first study to measure the effects of statin
derivatives, pravastatin, and rosuvastatin, on liver enzymes related to carbohydrate meta-
bolism in diabetic rats. We found that pravastatin was more effective in balancing the
carbohydrate metabolism than rosuvastatin. Both doses of pravastatin (10 mg kg™ day~ and
20 mg kg™ day™) increased the body mass in diabetic rats. The dose of 20 mg kg™ day!
pravastatin decreased the blood glucose level, but increased the liver glycogen content.
Moreover, pravastatin, especially at the dose of 20 mg kg™ day™, increased the liver glycogen
synthase and glucose 6-phosphate dehydrogenase levels, but decreased the levels of
glycogen phosphorylase, lactate dehydrogenase, and glucose-6-phosphatase. Although
both doses of pravastatin partially ameliorated the adverse changes in liver enzymes
caused by diabetes, 20 mg kg™ day™ dose of pravastatin was better in improving fasting
blood glucose level and liver glycogen content. On the other hand, rosuvastatin, espe-
cially at the dose of 20 mg kg™ day™, reduced the liver glycogen synthase and pyruvate
kinase levels, but increased the glycogen phosphorylase level. Rosuvastatin, especially at
the dose of 20 mg kg™ day™, also reduced the body mass and liver glycogen content in
diabetic rats. Therefore, it can be concluded that pravastatin has a more positive effect on
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improving carbohydrate metabolism than rosuvastatin. These findings suggest that prava-
statin might be considered a good choice for patients with DM and hypercholesterolemia.
However, there are some limitations of this study like that only two statins with low and
moderate doses were used. Different types of statins, different doses, and different time
points are foreseen to be studied in future investigations. Further studies are also needed
to elucidate the mechanisms by which these liver enzymes are affected by statins.

Abbreviations, acronyms, codes. — BSA — bovine serum albumin, DM - diabetes mellitus, FBP1 —
fructose-1,6-bisphosphatase, G6Pase — glucose-6-phosphatase, G6PD — glucose 6-phosphate dehydro-
genase, GP — glycogen phosphorylase, GS - glycogen synthase, HK — hexokinase, HOMA-IR —homeo-
stasis model assessment of insulin resistance, LDH - lactate dehydrogenase, PK — pyruvate kinase,
PBS — phosphate-buffered saline, PRV — pravastatin, RSV — rosuvastatin, STZ — streptozotocin.
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