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Abstract:

The study discussed the indirect effect of Atorvastatin as one of statin group (lipid lowering agent) on sAST (sGOT the old
name of enzyme), by study the direct and indirect effect of Atorvastatin on the samples of serum taken from 27 patients
known case of hyperlipidemia, and started treatment protocol with Atorvastatin, after 3 months of treatment, incidence of
presented elevation of SAST is 0.5% in the atorvastatin treated population, some of those within 12 hours of low dose

atorvastatin consumption liver functions were fully recovered to the baseline level 11 days after discontinuation of
atorvastatin treatment.
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Introduction

Fat metabolism and hyperlipidemia:

Cholesterol:

Is a chemical compound that the body requires as a building block for cell membranes and for hormones like estrogen and
testosterone, the liver produces about 80% of the body's cholesterol and the rest comes from dietary sources like meat,

poultry, eggs, fish, and dairy products. Foods derived from plants contain no cholesterol.[14]

Cholesterol does not travel freely through the bloodstream. Instead, it is attached or carried by lipoproteins (lipo = fat) in the
blood. There are three types of lipoproteins that are categorized based upon how much protein there is in relation to the

amount of cholesterol:-

1- Low-density lipoproteins (LDL) contain a higher ratio of cholesterol to protein and are thought of as the “bad”
cholesterol. Elevated levels of LDL lipoprotein increase the risk of heart disease, stroke, and peripheral artery disease, by
helping form cholesterol plaque along the inside of artery walls. The artery narrows (atherosclerosis) and blood flow
decreases. If the plaque ruptures, it can cause a blood clot to form that prevents any blood flow. This clot is the cause of a

heart attack or myocardial infarction if the clot occurs in one of the coronary arteries in the heart.

2- High-density lipoproteins (HDL) are made up of a higher level of protein and a lower level of cholesterol. These tend to
be thought of as “good” cholesterol. The higher the HDL to LDL ratio, the better it is for the individual because such

ratios can potentially be protective against heart disease, stroke, and peripheral artery disease.

3-  Very low-density lipoproteins (VLDL) contain even less protein than LDL. VLDL like LDL has been associated with
plaque deposits.[14,15]

Table 1 normal value of serum cholesterol

Total serum <200 mg/dL = desired values
cholesterol . L
200-239 mg/dL = borderline to high risk
240 mg/dL and above = high risk
With HDL cholesterol the higher the better
HDL <40 mg/dL for men and <50 mg/dL for women = higher risk
Cholesterol
40-50 mg/dL for men and 50-60 mg/dL for women = normal values
>60 mg/dL is associated with some level of protection against heart disease
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LDL Cholesterol e  With LDL cholesterol the lower the better

e <100 mg/dL = optimal values

e 100 mg/dL-129 mg/dL = optimal to near optimal
e 130 mg/dL-159 mg/dL = borderline high risk

e 160 mg/dL-189 mg/dL = high risk

e 190 mg/dL and higher = very high risk

Triglycerides:
Type of fats that ingested as food or synthesized by adipocytes or hepatocytes from carbohydrate precursors.

Metabolism entails the oxidation of fatty acids to either generate energy or synthesize new lipids from smaller constituent
molecules. Lipid metabolism is associated with carbohydrate metabolism, as products of glucose (such as acetyl CoA) can be
converted into lipids.[14]
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After a meal, triglycerides in the diet is absorbed from the small intestine in the form of chyme, a digestive hormone called
cholecystokinin (CCK) is released by intestinal cells in the intestinal mucosa. CCK stimulates the release of pancreatic lipase
from the pancreas and stimulates the contraction of the gallbladder to release stored bile salts into the intestine.[15]

Together, the pancreatic lipases and bile salts break down triglycerides into monoglycerides and free fatty
acids.Themonoglycerides& free fatty acid used to obtain the energy for body by oxidation to release the ATP (adenosine tri-
phosphate) the energy unit of the body, or store in liver.[15]Many factors that lead to increase the serum cholesterol &
triglycerides levels.Hereditary factors and high lipid dietary intake, lack of daily exercise and some behavioral habit like
smoking and alcohol consumption may role the effects.
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The patients they have a hyperlipidemia treated by habitual changes e.g (exercise, low dietary food, lack or give up smoking
and alcohol consumption), with medications like statin groups.[14,15]

Atorvastatin:

Is a pyrrole and hepatic acid derivative {C33H35FN205} hydroxymethylglutaryl-COA reductaseinhibitor (statin), and
anticholesteremicagent that is used to reduce serum levels of LDL-cholesterol; apdipoproteinandtriglycerides to increase
serum levels of HDL-cholesterol in the treatment of hyperlipidemias and prevention of cardiovascular diseases in patients
with multiple risk factors.Atorvastatin is a member of the drug class known as statins.Dosage: - 10mg, 20mg, 40mg, 80mg.

It is used for lowering cholesterol. Atorvastatin is a competitive inhibitor of hydroxymethylglutaryl-coenzyme A (HMG-
CoA) reductase, the rate-determining enzyme in cholesterol biosynthesis via the mevalonate pathway. HMG-CoA reductase
catalyzes the conversion of HMG-CoA to mevalonate. Atorvastatin acts primarily in the liver. Decreased hepatic cholesterol
levels increases hepatic uptake of cholesterol and reduces plasma cholesterol levels.[1,2]
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Atorvastatin structure ... C33H35FN20s

Side effect of Atorvastatin:

General:-

In general, atorvastatin has been well tolerated. Less than 2% of patients in premarketing clinical studies discontinued
treatment due to adverse effects.

Gastrointestinal:-

Gastrointestinal side effects have been the most commonly reported. These have been reported in less than 4% of patients and
have included constipation, flatulence, dyspepsia, and abdominal pain. Diarrhea has been reported in up to 5.3% of patients
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and may be dose-related. Other gastrointestinal side effects observed with HMG-CoA reductase inhibitors have included
pancreatitis, anorexia, and vomiting. Most effects tended to be mild and transient.[3]

Hepatic:-

Hepatic side effects including altered liver function have been observed with all HMG-CoA reductase inhibitors. In
premarketing clinical trials, up to 0.7% of patients experienced persistent, elevated AST and/or ALT values greater than three
times the upper normal limits on two or more occasions. Elevations of liver enzymes may be dose-related. Other hepatic side
effects of the HMG-CoA class have included hepatitis, cholestatic jaundice, fatty changes in the liver, cirrhosis, fulminant
hepatic necrosis, and liver failure.[3]

In clinical trials, liver enzyme elevations returned to pretreatment levels upon discontinuation or dose reduction of
atorvastatin. Nawrocki and colleagues reported elevated bilirubin levels in 2/30 patients and elevated AST and ALT levels in
1/30 patients.[4]

Musculoskeletal:-HMG-CoA reductase inhibitors (statins) have been associated with rare cases of severe myopathy and
rhabdomyolysis.[5]

Hematologic:-

Hematologic side effects including hemolytic anemia, thrombocytopenia, and leukopenia have occurred with HMG-CoA
reductase inhibitors. These effects may be manifestations of a hypersensitivity reaction.[5]

Nervous system:-

Nervous system side effects of headache and weakness, dizziness, drowsiness, fatigue, cranial nerve dysfunction, tremor,
vertigo, memory loss, decline in cognitive function, paresthesia's, peripheral neuropathy, and peripheral nerve palsy.[6]

Renal:-Renal side effects including acute renal failure secondary to rhabdomyolysis have been reported with HMG-CoA
reductase inhibitors.[6,7]

Endocrine:-Endocrine side effects associated with the use of other HMG-CoA reductase inhibitors have included
hypospermia, gynecomastia, and thyroid dysfunction.[8]

Hypersensitivity:-Hypersensitivity reactions have been observed rarely with HMG-CoA reductase inhibitors.[8]
Psychiatric

Psychiatric side effects of HMG-CoA reductase inhibitors have included decreases in libido, anxiety, depression, and
insomnia.[5,7]

Genitourinary:-

Genitourinary adverse effects associated with other HMG-CoA reductase inhibitors have included erectile dysfunction,
impotence, and testicular pain.[3,5]

Dermatologic:-

Dermatologic reactions have occurred rarely. In premarketing trials, up to 3.8% of patients complained of a rash.
Phototoxicity has been associated with atorvastatin.[4]

Cardiovascular:-

Analysis of study data has shown an increased risk of hemorrhagic stroke in patients treated with atorvastatin who had a
stroke or TIA within 6 months preceding treatment compared to placebo.[1,2]

Cardiovascular side effects occurring since market introduction have included angioneurotic edema, peripheral edema, and
chest pain. Atorvastatin may also increase the incidence of hemorrhagic stroke in patients with a history of recent stroke or
TIA[7]

Respiratory:-Respiratory symptoms reported since market introduction have included bronchitis, rhinitis, pharyngitis, and
sinusitis.[5]

Ocular:-Ocular side effects including a case of reversible ophthalmoplegia as well as a case of ocular myasthenia have been
reported.[6]

Immunologic:- Immunologic side effects including a possible case of atorvastatin-induced reversible positive antinuclear
antibodies have been reported.[4]

Other
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Other side effects reported during clinical trials (in more than 2% of patients) have included infection, accidental injury, flu
syndrome, abdominal pain, and back pain. Other side effects reported post marketing have included anaphylaxis,
angioneurotic edema, bullous rashes (including erythema multiform, Stevens-Johnson syndrome, and toxic epidermal
necrolysis), rhabdomyolysis, fatigue, tendon rupture, fatal and nonfatal hepatic failure, dizziness, depression, peripheral
neuropathy, and pancreatitis.[6,7,8]

Aspartate aminotransferase (AST)

Is found in high concentrations in liver, heart, skeletal muscle and kidney. AST is present in both cytoplasm and
mitochondria of cells. In cases involving mild tissue injury, the predominant form of AST is that from the cytoplasm. Severe
tissue damage results in more of the mitochondrial enzyme being released. High levels of AST can be found in cases such as
myocardial infarction, acute liver cell damage, viral hepatitis and carbon tetrachloride poisoning. Slight to moderate elevation
of AST is seen in muscular dystrophy, dermatomyositis, acute pancreatitis and crushed muscle injuries.[9,10]

Normal Values:-
Males:- 0-11 months: not established 1-13 years: 8-60 U/L > or =14 years: 8-48 U/L
Females:- 0-11 months: not established 1-13 years: 8-50 U/L > or =14 years: 8-43 U/L

Elevated aspartate aminotransferase (AST) values are seen in parenchymal liver diseases characterized by a destruction of
hepatocytes. Values are typically at least 10 times above the normal range. Levels may reach values as high as one hundred
times the upper reference limit, although twenty to fifty-fold elevations are most frequently encountered. In infectious
hepatitis and other inflammatory conditions.[11,12]

More common causes of elevated liver enzymes include:

e  Certain prescription medications, including statin drugs used to control cholesterol.
e Drinking alcohol

Heart failure

Hepatitis viral A,B,C & Autoimmune hepatitis

Nonalcoholic fatty liver disease

Obesity

Over-the-counter pain medications, particularly acetaminophen (Tylenol, others)
Celiac disease (small intestine damage caused by gluten)

Cirrhosis (early stages of liver scarring)

Cytomegalovirus (CMV) infection

Dermatomyositis (inflammatory disease that causes muscle weakness and skin rash)
Epstein-Barr virus

Gallbladder inflammation (cholecystitis)

Heart attack

Hemochromatosis (too much iron stored in your body)

Hypothyroidism

Liver cancer

Mononucleosis

Pancreatitis (pancreas inflammation)

Polymyaositis (inflammatory disease that causes muscle weakness)

Wilson's disease (too much copper stored in your body

Material and Methods

AST & ALT kit (RANDOX).

Blood from hyperlipidemic patients.
Laboratory instrument & company provider:-

1- Centrifuge 122593, German, Hettich
2-  Water bath 790792, German, MeMert
3- Spectronic — 203300166456, American
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Enzymes source:-

Sample of blood from 27 hyperlipidemic patients in different age & sex.

The blood on nonheparinized test tube, then serum separated by centrifuge on
3000 C/M for 15 minutes.

Enzyme assay:-

The principle of measured activity of AST depend on colorimetric method.
AST

a — oxoglutarate + L-Aspartate — L-glutamate+oxaloacetate

AST is measured by monitoring the concentration of oxaloacetate formed with
2, 4-dinitrophenyl-hydrazine.

Solutions:-

Table 2. Determination of activity enzyme used the following solution

Solution Concentration mmol/L
R1=AST Buffer

Phosphate Buffer 100 mmol/L
L-Aspartate 100 mmol/L
a-oxoglutarate 2 mmol/L
R2=2,4-dinitrophenyl hydrazine 2 mmol/L

R3=sodium hydroxide

Pyruvate standard

Pyruvate 2mmol/L

Experimental Design
1-Determine the enzyme activity (AST) on serum by kit procedure

A-Sample

add (0.5ml) from R1 (AST buffer) on test tube, then add (0.1ml) from sample (serum) to the same test tube, then the test tube
put in water bath for 30 minutes on 37 Ce then add 0.5 ml of the R2 (2, 4-dinitrophenyl hydrazine) without water bath for 20
minutes for 20-25 Ce then add 5 ml from R3 (NaOH) after 5 minutes calculate the absorption of sample.

B-Reagent Blank

add 0.5ml from R1 on test tube, then add 0.5ml from R2 with 0.1ml from distill water without water bath for 20minutes on
20-25 Ce then add 5ml from R3 by concentration after dilution (0.4 N ) after Sminutes calculate the absorption of reagent
blank.

2-Read the absorption to each sample on wave length 545, then calculate the result to define the enzyme activity by use the
following equation:-

(IU/L) AST activity = Test — control

T = serum absorption, C= spectronic absorption

3-Compare the result of the samples with the normal value of AST.[13]

4-Diluted 2.5 mg/ml of Atorvastatin as active material by the following procedure:-

A-Diluent: dimethylsulfoxide (D.M.S.0)
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B-Standard solution (0.125mg/ml) of propylene glycol in diluent

ISSN 2410-2598

C-Sample solution (2.5mg/ml) of Atorvastatin (as propylene glycol solvate) in diluent

Results and Discussion

The study discuss the direct & indirect effect of Atorvastatin on SAST,

incidence of presented elevation of SAST is 0.5% in the atorvastatin treated population , some of those within 12 hours of
low dose atorvastatin consumption liver functions were fully recovered to the baseline level 11 days after discontinuation of
atorvastatin treatment.[16] By examine a sample of serum from 27 known cases of hyperlipidemic patients, whom prepare

to treat with Atorvastatin as lipid lowering agent, within 4 months from started treatment with follow up, and have chronic

heart diseases (CHD) ,Diabetes mellitus DM,.

The study upon in AL-Kindy general hospital in east of capital Baghdad, on 8-9-10-11-12 /2015.
The group of patients was in different age, sex, and SAST result before Atorvastatin as a direct effect (by adding atorvastatin

solution on serum samples directly) & indirect effect by consumption of atorvastatin pills after a period of treatment.

Depending on a dose 20mg/day.

Table 3. The result of SAST to the patients before treatment

Patient Age Gender Coexisting Combined Date SAST
No. diseases drugs U/L
No 1 54 IS CHD Clopidogrel 3/8/2015 18
No 2 41 G B 3/8/2015 23
No 3 39 3 DM Metformin 3/8/2015 28
No 4 52 Q DM Mixed insulin 3/8/2015 41
No 5 46 Q HTN Captopril 3/8/2015 36
No 6 61 IS HTN Metoprolol 5/8/2015 39
No 7 63 Q CHD Isosorbide 5/8/2015 53
No 8 58 Q@ | e e 5/8/2015 24
NO 9 42 o B I 6/8/2015 35
No 10 38 Q | e e 9/8/2015 25
No 11 40 o S N 9/8/2015 33
No 12 51 3 DM Soluble 9/8/2015 29
insulin
No 13 49 o | e 9/8/2015 19
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No 14 37 Q@ | e e 9/8/2015 37
No 15 53 3 HTN Telmisartan 10/8/2015 17
No 16 48 G B I 12/8/2015 45
No 17 44 Q HTN Losartan 12/8/2015 22
No 18 59 3 CHD Clopidogrel 12/8/2015 63
No 19 62 3 CHD Aspirin , 12/8/2015 27
isosorbid
No 20 42 Q@ | e e 13/8/2015 20
No 21 44 e e R 16/8/2015 29
No 22 56 Q DM Glibenclamide 16/8/2015 41
No 23 38 O e IR e 16/8/2015 39
No 24 40 Q@ | e | s 18/8/2015 31
No 25 37 S 18/8/2015 28
No 26 47 I L 19/8/2015 45
No 27 55 Q HTN Atenolol 19/8/2015 19

As above in table (1-1) we saw the following point:

1-Normal result are 21 patients.

2-Border line 4 patients (patients No 4, 16, 22, 26).

3-Neglected patients 2 (patients No 7, 18) cause they already have high AST result.

Table 4. The result of SAST after addition Atorvastatin solution on the same patients serum

Patient Age Gender Date SAST SAST U/L after addition
No. /L Atorvastatin solution

No 1 54 3 3/8/2015 18 18

No 2 41 3 3/8/2015 23 22

No 3 39 3 3/8/2015 28 25

No 4 52 Q 3/8/2015 41 44

No 5 46 Q 3/8/2015 36 35
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No 6 61 3 5/8/2015 39 34
No 7 63 Q 5/8/2015 53 51
No 8 58 Q 5/8/2015 24 26
NO 9 42 3 6/8/2015 35 33
No 10 38 Q 9/8/2015 25 21
No 11 40 3 9/8/2015 33 32
No 12 51 3 9/8/2015 29 32
No 13 49 Q 9/8/2015 19 24
No 14 37 Q 9/8/2015 37 33
No 15 53 3 10/8/2015 17 17
No 16 48 3 12/8/2015 45 44
No 17 44 Q 12/8/2015 22 23
No 18 59 3 12/8/2015 63 61
No 19 62 3 12/8/2015 27 25
No 20 42 Q 13/8/2015 20 22
No 21 44 3 16/8/2015 29 31
No 22 56 Q 16/8/2015 41 37
No 23 38 Q 16/8/2015 39 33
No 24 40 Q 18/8/2015 31 31
No 25 37 3 18/8/2015 28 24
No 26 47 3 19/8/2015 45 43
No 27 55 Q 19/8/2015 19 26

The results show: - there is no change in the serum AST above the normal value except the neglected

patients (No 7, 18) as mention in table 4

Table 5. The results of SAST after started Atorvastatin pills consumption (20mg/day)
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Patient Age Gender Date SAST SAST U/L after treatment

No. uU/L with atorvastatin
1%t study

No 1 54 3 14/11/2015 18 18

No 2 41 3 6/9/2015 23 22

No 3 39 3 9/12/2015 28 25

No 4 52 Q 22/9/2015 41 44

No 5 46 Q 26/9/2015 36 35

No 6 61 3 15/9/2015 39 34

No 7 63 Q 21/11/2015 53 51

No 8 58 Q 8/10/2015 24 26

NO 9 42 3 16/11/2015 35 33

No 10 38 Q 19/11/2015 25 21

No 11 40 3 12/10/2015 33 32

No 12 51 3 14/12/2015 29 32

No 13 49 Q 7/9/2015 19 24

No 14 37 Q 8/11/2015 37 33

No 15 53 3 17/12/2015 17 17

No 16 48 3 11/9/2015 45 4Q FAxAx

No 17 44 Q 3/11/2015 22 23

No 18 59 3 16/10/2015 63 61

No 19 62 3 15/11/2015 27 54 FxAxk

No 20 42 Q 1/12/2015 20 22

No 21 44 3 4/10/2015 29 31

No 22 56 Q 12/12/2015 41 37

No 23 38 Q 21/12/2015 39 33

No 24 40 Q 3/10/2015 31 64 FHHHAx

No 25 37 3 14/9/2015 28 24
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No 26 47 3 21/10/2015 45 43

No 27 55 Q 2/12/2015 19 26

The results show:-

1-  Normal value in 19 patients.

2- Border line 3 patients (No 4, 22, 26).

3- Elevated 3 patients (No 16, 19, 24).

4-  Neglected 2 patients (No 7, 18).
As we see in table 3 after adding Atorvastatin solution directly to the serum, there is no markedly different from the study of
table 2 before adding, and if there is some different in result that may related to technical error or chemical reaction.

So, there is no direct effect of Atorvastatin on serum AST.

In table 4, after the same patients started with Atorvastatin pills treatment, by a different periods within month to 4 months.
There is a different on samples studies for 3 patients (No 16, 19, 24) as indirect effect of Atorvastatin on serum AST.

3/27 = 11%. So there is NO direct effect of Atorvastatin on SAST.

But can effect as elevated liver AST after cell damage when the patients use the drug as hyperlpidemic lowering agent, after a
period of using drug and the study mention the AST result of the same patients after 3months of uses treatment, the
Atorvastatin can cause hepatic cells damage, so can effect of SAST and elevated it.

If the SAST elevated more than the normal value after 3 months of Atorvastatin treatment, so doctors must stopped the
treatment and changed the management protocol. We depend the period of 3months interval between the comparison of
SAST study before & after Atorvastatin treatment from the BNF (British National Formulary) approved.

By the compare this study with a study of Atorvastatin induced acute elevation of hepatic enzymes & the absence of cross-
toxicity of pravastatin Y. Liu, Z. cheng and G.-P .Shi at 2011. The author result change of SAST equal to 0.5% [16]

And our study show the change equal to 11%. The p value = 0.0001 significant.
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