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QUESTION: Discuss in details, the factors affecting drug metabolism.

Drug metabolism: 


Drug metabolism is the metabolic breakdown of drugs by living organisms usually through specialized enzymatic systems. The aim of drug metabolism is to convert non-polar compounds and lipid-soluble substances to polar compounds and water soluble substances in order to be easily excreted out of the body.

Xenobiotic metabolism: 


Xenobiotic metabolism (Gr. Xenos- stranger and Biotic- related to living beings) is the set of metabolic pathways that modify the chemical structure of xenobiotic, which are foreign chemical substances found within an organism that is not normally naturally produced or expected to be within the organism. Xenobiotic can also cover for substances which are present in much higher concentration than usual in the body. e.g., drugs, pesticides, plastics etc.


Many factors affect the rate and pathway of drug metabolism and the major differences can be subdivided into:

1. Internal factors

2. External factors

· INTERNAL FACTORS
They include: Species, genetics, sex differences, hormones and diseases
· Species differences: 


There are differences in the drug metabolism when viewed in different species. Take for example, the oxidative metabolism of hexobarbitone which varies widely between species (Mice, rat, dog and man) and inversely related to the half-life and duration action of drug. There is not always a direct relationship between the metabolism, half-life and action of drug.


Between these species, the mice have less sleeping time and hexobarbitone half-life and metabolism compared to the others (especially man who keeps sleeping). In this case however, man metabolizes hexobarbitone at a slower rate than dog and the rate of elimination of the drug from the body is dependent on drug metabolism. It should be known that, the lesser the sleeping time, the lesser the half-life and the more they metabolize.  

· Age:

Age is another internal factor that affect drug metabolism. In general, drugs are metabolized more slowly in fetal and neonates and elderly people than in adult but; as children mature, liver enzymes are able to effectively metabolize most drugs because the BMR (Basal Metabolic Rate) in children is higher than in adults, drugs are metabolized more quickly, thus drug dosages relative to body weight may need to be higher for children than adults. Drug metabolism is typically reduced in neonates and elderly people due to a decrease in the amount of plasma proteins, an increase of fat percentage and decrease of lean tissues (skeletal muscle, liver, brain, kidney, etc.), when the same dose of drug is used in elderly and young people, it has a high level of free state and greater functionality in the elderly.

· Sex Differences:


Drug metabolism is also affected by sex differences between males and females. e.g., 

i. In 1952, Nicholas and Baron discovered that half (1/2) of hexobarbitone needed for male to sleep is required for female to sleep.

ii. Men also have more glutathione concentration than female and too higher drug metabolism capacities.

NOTE THAT:


There are various enzymes involved in drug metabolism which their activities are found higher in female than in male and vice-versa. e.g., Several CYP enzymes (Cytochrome P450 enzymes). CYP is a hemeprotein that plays a key role in the metabolism of drugs and other xenobiotic.

i. CYP1A2, this is the primary enzyme for metabolizing the antipsychotic drugs (olanzapine and clozapine), shows a higher activity in men. Therefore, clearance of these antipsychotic drugs is faster in men than in women. On the other hand, women show greater improvement of psychotic symptoms due to slower metabolism of these drugs, but suffer more ADEs (e.g., weight gain, metabolic syndrome) associated with the drugs. Sex hormones decrease CYP1A2 activity during pregnancy and with oral contraceptive use.

ii. CYP2B6, the expression and activity of this particular enzyme are seen higher in women than in men. Its activity also varies among different ethnic groups; CYP2B6 activity is lower in Hispanic men than in Caucasian or African-American men. In contrast, Hispanic women showed higher CYP2B6 activity when compared to Caucasian or African-American women. Therefore, drugs that are primarily metabolized by CYP2B6 may be less effective in women (especially Hispanic women) than in men.

iii. CYP3A4 is the most abundantly expressed in the liver and is the predominant enzyme for phase I metabolism. Its expression (protein and mRNA) and activity are higher in women than in men. Drugs such as cyclosporine, erythromycin, nimodipine, and cortisol are substrates of CYP3A4, showing faster clearance among women.

· HORMONES:


Steroid hormones have effect on drug metabolism example as corticosterol hormones such as hydrocortisone and predonisolone inhibit the drug metabolizing enzymes of liver microsomes.

· GENETICS:


Gene also affects the absorption, distribution, metabolism, excretion of drug. It may be dependent on body weight, race and receptor sensitivity.
· DISEASES:


These involve pathological factors on drug metabolism. They include liver, kidney or even heart diseases. Although the liver is the main site of drug metabolism, there are conflicting results which has been reported on the breakdown of drugs during liver diseases. Drug metabolism may depend on histological changes in the liver (acute or chronic hepatitis, cirrhosis) but may also depend on their origin (viral, toxic or immunological). Drug metabolism is also influenced by the severity of liver dysfunction. Cytochrome P450 isozymes and conjugation pathways may be differently affected by these conditions, and specific probe drugs have to be used in order to study the effect of diseases on each enzyme of drug metabolism 

There are several disease states (inflammation/diabetes/morbid obesity/cancer) that can profoundly alter drug metabolic pathways in liver and intestine

· EXTERNAL FACTORS

They include: Diet, environment, epigenetics (Effect of environment on genetics)
· DIET:


Diet is one of the important factors affecting drug metabolism. Most enzymes in food are proteins. Food and dietary components may affect the fate of the drug by the following mechanism:

i. Altering the rate of its absorption and systemic availability

ii. Reacting or tightly binding to drug

iii. Competing with drug for binding to plasma protein

· ENVIRONMENT:


This also has effect on drug metabolism. Various kinds of environmental factors may alter the activity of cytochrome P-450 enzymes in liver microsomes, their effects depend on the relative importance of excretory and metabolic mechanisms in the elimination of the drug, the relative importance of various metabolic reactions in different tissue. Moreover, the effect of the various environmental factors on the pharmacologic and the toxicological actions of the drug will depend on whether these actions are caused by the parent foreign compounds or by one or more of their metabolites.


It may also be important that the environmental factors may alter not only relative activities of the cytochrome P-450 in liver microsomes but also the activities of other drug-metabolizing enzymes and that the relative effects of the environmental factors of these enzymes may differ depending on the animal species.
· EPIGENETICS:
This is the effect of environment on genetics thereby altering drug metabolism.
