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UNIT 1
Development of Drug and Pharmaceutical Industry and Regulatory Aspects

The pharmaceutical industry develops, produces, and markets drugs licensed for use as medications. Pharmaceutical companies can deal in generic and/or brand medications. They are subject to a variety of laws and regulations regarding the patenting, testing and marketing of drugs.
History
The earliest drugstores date back to the Middle Ages. The first known drugstore was opened by Arabian pharmacists in Baghdad in 754, and many more soon began operating throughout the medieval Islamic world and eventually medieval Europe. By the 19th century, many of the drug stores in Europe and North America had eventually developed into larger pharmaceutical companies.

Most of today's major pharmaceutical companies were founded in the late 19th and early 20th centuries. Key discoveries of the 1920s and 1930s, such as insulin and penicillin, became mass-manufactured and distributed. Switzerland, Germany and Italy had particularly strong industries, with the UK, US, Belgium and the Netherlands following suit.

Legislation was enacted to test and approve drugs and to require appropriate labelling. Prescription and non-prescription drugs became legally distinguished from one another as the pharmaceutical industry matured. The industry got underway in earnest from the 1950s, due to the development of systematic scientific approaches, understanding of human biology (including DNA) and sophisticated manufacturing techniques.

Numerous new drugs were developed during the 1950s and mass-produced and marketed through the 1960s. These included the first oral contraceptive, "The Pill", Cortisone, blood-pressure drugs and other heart medications. MAO Inhibitors, chlorpromazine (Thorazine), Haldol (Haloperidol) and the tranquilizers ushered in the age of psychiatric medication. Valium (diazepam), discovered in 1960, was marketed from 1963 and rapidly became the most prescribed drug in history, prior to controversy over dependency and habituation.

Attempts were made to increase regulation and to limit financial links between companies and prescribing physicians, including by the relatively new U.S. Food and Drug Administration (FDA). Such calls increased in the 1960s after the thalidomide tragedy came to light, in which the use of a new tranquilizer in pregnant women caused severe birth defects. In 1964, the World Medical Association issued its Declaration of Helsinki, which set standards for clinical research and demanded that subjects give their informed consent before enrolling in an experiment. Phamaceutical companies became required to prove efficacy in clinical trials before marketing drugs.

Cancer drugs were a feature of the 1970s. From 1978, India took over as the primary center of pharmaceutical production without patent protection.

The industry remained relatively small scale until the 1970s when it began to expand at a greater rate.Legislation allowing for strong patents, to cover both the process of manufacture and the specific products, came in to force in most countries. By the mid-1980s, small biotechnology firms were struggling for survival, which led to the formation of mutually beneficial partnerships with large pharmaceutical companies and a host of corporate buyouts of the smaller firms. Pharmaceutical manufacturing became concentrated, with a few large companies holding a dominant position throughout the world and with a few companies producing medicines within each country.

The pharmaceutical industry entered the 1980s pressured by economics and a host of new regulations, both safety and environmental, but also transformed by new DNA chemistries and new technologies for analysis and computation. Drugs for heart disease and for AIDS were a feature of the 1980s, involving challenges to regulatory bodies and a faster approval process.

Managed care and Health maintenance organizations (HMOs) spread during the 1980s as part of an effort to contain rising medical costs, and the development of preventative and maintenance medications became more important. A new business atmosphere became institutionalized in the 1990s, characterized by mergers and takeovers, and by a dramatic increase in the use of contract research organizations for clinical development and even for basic R&D. The pharmaceutical industry confronted a new business climate and new regulations, born in part from dealing with world market forces and protests by activists in developing countries. Animal Rights activism was also a problem.

Marketing changed dramatically in the 1990s, partly because of a new consumerism. The Internet made possible the direct purchase of medicines by drug consumers and of raw materials by drug producers, transforming the nature of business. In the US, Direct-to-consumer advertising proliferated on radio and TV because of new FDA regulations in 1997 that liberalized requirements for the presentation of risks. The new antidepressants, the SSRIs, notably Fluoxetine (Prozac), rapidly became bestsellers and marketed for additional disorders.

Drug development progressed from a hit-and-miss approach to rational drug discovery in both laboratory design and natural-product surveys. Demand for nutritional supplements and so-called alternative medicines created new opportunities and increased competition in the industry. Controversies emerged around adverse effects, notably regarding Vioxx in the US, and marketing tactics. Pharmaceutical companies became increasingly accused of disease mongering or over-medicalizing personal or social problems. 

There are now more than 200 major pharmaceutical companies, jointly said to be more profitable than almost any other industry, and employing more political lobbyists than any other industry. Advances in biotechnology and the human genome project promise ever more sophisticated, and possibly more individualized, medications.

Research and development
Drug discovery is the process by which potential drugs are discovered or designed. In the past most drugs have been discovered either by isolating the active ingredient from traditional remedies or by serendipitous discovery. Modern biotechnology often focuses on understanding the metabolic pathways related to a disease state or pathogen, and manipulating these pathways using molecular biology or Biochemistry. A great deal of early-stage drug discovery has traditionally been carried out by universities and research institutions.

Drug development refers to activities undertaken after a compound is identified as a potential drug in order to establish its suitability as a medication. Objectives of drug development are to determine appropriate Formulation and Dosing, as well as to establish safety. Research in these areas generally includes a combination of in vitro studies, in vivo studies, and clinical trials. The amount of capital required for late stage development has made it a historical strength of the larger pharmaceutical companies. Often, large multinational corporations exhibit vertical integration, participating in a broad range of drug discovery and development, manufacturing and quality control, marketing, sales, and distribution. Smaller organizations, on the other hand, often focus on a specific aspect such as discovering drug candidates or developing formulations. Often, collaborative agreements between research organizations and large pharmaceutical companies are formed to explore the potential of new drug substances.

The cost of innovation
Drug discovery and development is very expensive; of all compounds investigated for use in humans only a small fraction are eventually approved in most nations by government appointed medical institutions or boards, who have to approve new drugs before they can be marketed in those countries. Each year, only about 25 truly novel drugs (New chemical entities) are approved for marketing. This approval comes only after heavy investment in pre-clinical development and clinical trials, as well as a commitment to ongoing safety monitoring. Drugs which fail part-way through this process often incur large costs, while generating no revenue in return. If the cost of these failed drugs is taken into account, the cost of developing a successful new drug (New chemical entity or NCE), has been estimated at about 1 billion USD (not including marketing expenses). A study by the consulting firm Bain & Company reported that the cost for discovering, developing and launching (which factored in marketing and other business expenses) a new drug (along with the prospective drugs that fail) rose over a five year period to nearly $1.7 billion in 2003. 

These estimates also take into account the opportunity cost of investing capital many years before revenues are realized. Because of the very long time needed for discovery, development, and approval of pharmaceuticals, these costs can accumulate to nearly half the total expense. Some approved drugs, such as those based on re-formulation of an existing active ingredient (also referred to as Line-extensions) are much less expensive to develop.

Calculations and claims in this area are controversial because of the implications for regulation and subsidization of the industry through federally funded research grants.

Controversy about drug development and testing
There have been increasing accusations and findings that clinical trials conducted or funded by pharmaceutical companies are much more likely to report positive results for the preferred medication. In response to specific cases in which unfavorable data from pharmaceutical company-sponsored research was not published, the Pharmaceutical Research and Manufacturers of America have published new guidelines urging companies to report all findings and limit the financial involvement in drug companies of researchers. US congress signed into law a bill which requires phase II and phase III clinical trials to be registered by the sponsor on the clinicaltrials.gov website run by the NIH. Drug researchers not directly employed by pharmaceutical companies often look to companies for grants, and companies often look to researchers for studies that will make their products look favorable. Sponsored researchers are rewarded by drug companies, for example with support for their conference/symposium costs. Lecture scripts and even journal articles presented by academic researchers may actually be 'ghost-written' by pharmaceutical companies. Some researchers who have tried to reveal ethical issues with clinical trials or who tried to publish papers that show harmful effects of new drugs or cheaper alternatives have been threatened by drug companies with lawsuits. 

Product approval in the US
Food and Drug Administration #Regulation of drugs:
In the United States, new pharmaceutical products must be approved by the Food and Drug Administration (FDA) as being both safe and effective. This process generally involves submission of an Investigational new drug filing with sufficient pre-clinical data to support proceeding with human trials. Following IND approval, three phases of progressively larger human clinical trials may be conducted. Phase I generally studies toxicity using healthy volunteers. Phase II can include Pharmacokinetics and Dosing in patients, and Phase III is a very large study of efficacy in the intended patient population.

A fourth phase of post-approval surveillance is also often required due to the fact that even the largest clinical trials cannot effectively predict the prevalence of rare side-effects. Post-marketing surveillance ensures that after marketing the safety of a drug is monitored closely. In certain instances, its indication may need to be limited to particular patient groups, and in others the substance is withdrawn from the market completely. Questions continue to be raised regarding the standard of both the initial approval process, and subsequent changes to product labeling (it may take many months for a change identified in post-approval surveillance to be reflected in product labeling) and this is an area where congress is active. 

The FDA provides information about approved drugs at the Orange Book site. 

Orphan drugs
There are special rules for certain rare diseases ("orphan diseases") involving fewer than 200,000 patients in the United States, or larger populations in certain circumstances. Because medical research and development of drugs to treat such diseases is financially disadvantageous, companies that do so are rewarded with tax reductions, fee waivers, and market exclusivity on that drug for a limited time (seven years), regardless of whether the drug is protected by patents.

Legal issues
Where pharmaceutics have been shown to cause side-effects, civil action has occurred, especially in countries where tort payouts are likely to be large. Due to high-profile cases leading to large compensations, most pharmaceutical companies endorse tort reform. Recent controversies have involved Vioxx and SSRI antidepressants.

Product approval elsewhere
In many non-US western countries a 'fourth hurdle' of cost effectiveness analysis has developed before new technologies can be provided. This focuses on the efficiciency (in terms of the cost per QALY) of the technologies in question rather than their efficacy. In England NICE approval is required before technologies can be adopted by the NHS, whilst similar arrangements exist with the Scottish Medical Consortium in Scotland and the Pharmaceutical Benefits Advisory Committee in Australia. A product must pass the threshold for cost-effectiveness if it is to be approved. Treatments must represent 'value for money' and a net benefit to society. There is much speculation that a NICE style framework may be implemented in the USA to ensure Medicare and Medicaid spending is focused to maximise benefit to patients and not excessive profits for the pharmaceutical industry.

In the UK, the British National Formulary is the core guide for pharmacists and clinicians.

Industry revenues
For the first time ever, in 2006, global spending on prescription drugs topped $643 billion, even as growth slowed somewhat in Europe and North America. The United States accounts for almost half of the global pharmaceutical market, with $289 billion in annual sales followed by the EU and Japan. Emerging markets such as China, Russia, South Korea and Mexico outpaced that market, growing a huge 81 percent. 

US profit growth was maintained even whilst other top industries saw slowed or no growth. Despite this, "..the pharmaceutical industry is — and has been for years — the most profitable of all businesses in the U.S. In the annual Fortune 500 survey, the pharmaceutical industry topped the list of the most profitable industries, with a return of 17% on revenue."

Pfizer's cholesterol pill Lipitor remains the best-selling drug in the world for the fifth year in a row. Its annual sales were $12.9 billion, more than twice as much as its closest competitors: Plavix, the blood thinner from Bristol-Myers Squibb and Sanofi-Aventis; Nexium, the heartburn pill from AstraZeneca; and Advair, the asthma inhaler from GlaxoSmithKline.
IMS Health publishes an analysis of trends expected in the pharmaceutical industry in 2007, including increasing profits in most sectors despite loss of some patents, and new 'blockbuster' drugs on the horizon.

Teradata Magazine predicted that by 2007, $40 billion in U.S. sales could be lost at the top 10 pharmaceutical companies as a result of slowdown in R&D innovation and the expiry of patents on major products, with 19 blockbuster drugs losing patent

UNIT 2
Drug Metabolism and Pharmacokinetics

ROUTE OF ADMINISTRATION

A route of administration in pharmacology and toxicology is the path by which a drug, fluid, poison, or other substance is taken into the body.
CLASSIFICATION
Routes of administration are usually classified by application location (or exposition). The route or course the active substance takes from application location to the location where it has its target effect is usually rather a matter of pharmacokinetics (concerning the processes of uptake, distribution, and elimination of drugs). Nevertheless, some routes, especially the transdermal or transmucosal routes, are commonly referred to routes of administration. The location of the target effect of active substances are usually rather a matter of pharmacodynamics (concerning e.g. the physiological effects of drugs[2]). Nevertheless, there is also a classification of routes of administration that basically distinguishes whether the effect is local (in "topical" administration) or systemic (in "enteral" or "parenteral" administration).

Application location
Gastrointestinal/enteral
Administration through the gastrointestinal tract is sometimes termed enteral or enteric administration (strictly meaning 'through the intestines'). Enteral/enteric administration usually includes oral[3] (through the mouth) and rectal (into the rectum)[3] administration, in the sense that these are taken up by the intestines. However, uptake of drugs administered orally may also occur already in the stomach, why gastrointestinal (along the gastrointestinal tract) may be a more fitting word for this route of administration. Furthermore, some application locations often classified as enteral, such as sublingual[3] (under the tongue) and sublabial or buccal (between the cheek and gums/gingiva), are taken up in the proximal part of the gastrointestinal tract without reaching the intestines. Strictly enteral administration (directly into the intestines) can be used for systemic administration, as well as local (sometimes termed topical), such as in enema where e.g. contrast media is infused into the intestines for imaging. However, in the classification system basically distinguishing substances by location of their effects, the term enteral is reserved for substances with systemic effects.

Many drugs as tablets, capsules, or drops are taken orally. Administration methods directly into the stomach include those by gastric feeding tube or gastrostomy. Substances may also be placed into the small intestines, as with a duodenal feeding tube and enteral nutrition.

Central nervous system
· epidural (synonym: peridural) (injection or infusion into the epidural space), e.g. epidural anesthesia 

· intracerebral (into the cerebrum) direct injection into the brain. Used in experimental research of chemicals[4] and as a treatment for malignancies of the brain.[5] The intracerebral route can also interrupt the blood brain barrier from holding up against subsequent routes.[6] 

· intracerebroventricular (into the cerebral ventricles) administration into the ventricular system of the brain. One use is as a last line of opioid treatment for terminal cancer patients with intractable cancer pain.[7] 

[Other locations
· epicutaneous (application onto the skin). It can be used both for local effect as in allergy testing and typical local anesthesia, as well as systemic effects when the active substance diffuses through skin in a transdermal route. 

· intradermal, (into the skin itself) is used for skin testing some allergens, and also for mantoux test for Tuberculosis 

· subcutaneous (under the skin), e.g. insulin. Skin popping is a slang term that includes this method of administration, and is usually used in association with recreational drugs. 

· nasal administration (through the nose) can be used for topically acting substances, as well as for insufflation of e.g. decongestant nasal sprays to be taken up along the respiratory tract. Such substances are also called inhalational, e.g. inhalational anesthetics. 

· intravenous (into a vein), e.g. many drugs, total parenteral nutrition 

· intraarterial (into an artery), e.g. vasodilator drugs in the treatment of vasospasm and thrombolytic drugs for treatment of embolism 

· intramuscular (into a muscle), e.g. many vaccines, antibiotics, and long-term psychoactive agents. Recreationally the colloquial term 'muscling' is used.[8] 

· intracardiac (into the heart), e.g. adrenaline during cardiopulmonary resuscitation (no longer commonly performed) 

· intraosseous infusion (into the bone marrow) is, in effect, an indirect intravenous access because the bone marrow drains directly into the venous system. This route is occasionally used for drugs and fluids in emergency medicine and pediatrics when intravenous access is difficult. 

· intrathecal (into the spinal canal) is most commonly used for spinal anesthesia and chemotherapy 

· intraperitoneal, (infusion or injection into the peritoneum) e.g. peritoneal dialysis 

· Intravesical infusion is into the urinary bladder. 

· intravitreal, through the eye 

· Intracavernous injection, an injection into the base of the penis 

· Intravaginal, e.g. topical estrogens, antibacterials 

· Intrauterine 

· Extra-amniotic administration, between the endometrium and fetal membranes 

Route from application to target
The route or course the active substance takes from application location to the location where it has its target effect is usually rather a matter of pharmacokinetics (concerning the processes of uptake, distribution, and elimination of drugs). Nevertheless, the following routes are commonly referred to as routes of administration:

· transdermal (diffusion through the intact skin for systemic rather than topical distribution), e.g. transdermal patches such as fentanyl in pain therapy, nicotine patches for treatment of addiction and nitroglycerine for treatment of angina pectoris. 

· transmucosal (diffusion through a mucous membrane), e.g. insufflation (snorting) of cocaine, sublingual, i.e. under the tongue, sublabial, i.e. between the lips and gingiva, nitroglycerine, vaginal suppositories 

Local or systemic effect
Routes of administration can also basically be classified whether the effect is local (in topical administration) or systemic (in enteral or parenteral administration):

· topical: local effect, substance is applied directly where its action is desired.[9] Sometimes, however, the term topical is defined as applied to a localized area of the body or to the surface of a body part,[10] without necessarily involving target effect of the substance, making the classification rather a variant of the classification based on application location. 

· enteral: desired effect is systemic (non-local), substance is given via the digestive tract. 

· parenteral: desired effect is systemic, substance is given by routes other than the digestive tract. 

Topical
· epicutaneous (application onto the skin), e.g. allergy testing, typical local anesthesia 

· inhalational, e.g. asthma medications 

· enema, e.g. contrast media for imaging of the bowel 

· eye drops (onto the conjunctiva), e.g. antibiotics for conjunctivitis 

· ear drops - such as antibiotics and corticosteroids for otitis externa 

· through mucous membranes in the body 

Enteral
In this classification system, enteral administration is administration that involves any part of the gastrointestinal tract and has systemic effects:

· by mouth (orally), many drugs as tablets, capsules, or drops 

· by gastric feeding tube, duodenal feeding tube, or gastrostomy, many drugs and enteral nutrition 

· rectally, various drugs in suppository 

 Parenteral
· intravenous (into a vein), e.g. many drugs, total parenteral nutrition 

· intra-arterial (into an artery), e.g. vasodilator drugs in the treatment of vasospasm and thrombolytic drugs for treatment of embolism 

· intraosseous infusion (into the bone marrow) is, in effect, an indirect intravenous access because the bone marrow drains directly into the venous system. This route is occasionally used for drugs and fluids in emergency medicine and pediatrics when intravenous access is difficult. 

· intra-muscular 

 Advantages and disadvantages
There are advantages and disadvantages to each route of administration

 Inhalation
Advantages
· Fastest method, 7–10 seconds for the drug to reach the brain 

· User can titrate (regulate the amount of drug they are receiving)[citation needed] 

Disadvantages
· Typically a more addictive route of administration because it is the fastest, leading to instant gratification. In addition, drugs taken by inhalation do not stay in the bloodstream for as long, causing the user to redose more quickly and intensifying the association between consuming the drug and its effects. 

· Difficulties in regulating the exact amount of dosage[citation needed] 

· Patient having difficulties administering a drug via inhaler 

 Injection
Injection encompasses intravenous (IV), intramuscular (IM), and subcutaneous (subcut)

Advantages
· Fast: 15–30 seconds for IV, 3–5 minutes for IM and subcutaneous (subcut) 

· 100% bioavailability 

· suitable for drugs not absorbed by the gut or those that are too irritant (anti-cancer) 

· One injection can be formulated to last days or even months, e.g., Depo-Provera, a birth control shot that works for three months 

· IV can deliver continuous medication, e.g., morphine for patients in continuous pain, or saline drip for people needing fluids 

Disadvantages
· Onset of action is quick, hence more risk of addiction when it comes to injecting drugs of abuse 

· Patients are not typically able to self-administer 

· Belonephobia, the fear of needles and injection. 

· If needles are shared, there is risk of HIV and other infectious diseases 

· It is the most dangerous route of administration because it bypasses most of the body's natural defenses, exposing the user to health problems such as hepatitis, abscesses, infections, and undissolved particles or additives/contaminants 

· If not done properly, potentially fatal air boluses (bubbles) can occur. 

· Need for strict asepsis 

 Uses
· Some routes can be used for topical as well as systemic purposes, depending on the circumstances. For example, inhalation of asthma drugs is targeted at the airways (topical effect), whereas inhalation of volatile anesthetics is targeted at the brain (systemic effect). 

· On the other hand, identical drugs can produce different results depending on the route of administration. For example, some drugs are not significantly absorbed into the bloodstream from the gastrointestinal tract and their action after enteral administration is therefore different from that after parenteral administration. This can be illustrated by the action of naloxone (Narcan), an antagonist of opiates such as morphine. Naloxone counteracts opiate action in the central nervous system when given intravenously and is therefore used in the treatment of opiate overdose. The same drug, when swallowed, acts exclusively on the bowels; it is here used to treat constipation under opiate pain therapy and does not affect the pain-reducing effect of the opiate. 

· Enteral routes are generally the most convenient for the patient, as no punctures or sterile procedures are necessary. Enteral medications are therefore often preferred in the treatment of chronic disease. However, some drugs can not be used enterally because their absorption in the digestive tract is low or unpredictable. Transdermal administration is a comfortable alternative; there are, however, only a few drug preparations that are suitable for transdermal administration. 

· In acute situations, in emergency medicine and intensive care medicine, drugs are most often given intravenously. This is the most reliable route, as in acutely ill patients the absorption of substances from the tissues and from the digestive tract can often be unpredictable due to altered blood flow or bowel motility. 

Pharmacokinetics (in Greek: “pharmacon” meaning drug and “kinetikos” meaning putting in motion, the study of time dependency; sometimes abbreviated as “PK”) is a branch of pharmacology dedicated to the determination of the fate of substances administered externally to a living organism. In practice, this discipline is applied mainly to drug substances, though in principle it concerns itself with all manner of compounds ingested or otherwise delivered externally to an organism, such as nutrients, metabolites, hormones, toxins, etc.

Pharmacokinetics is often studied in conjunction with pharmacodynamics. Pharmacodynamics explores what a drug does to the body, whereas pharmacokinetics explores what the body does to the drug. Pharmacokinetics includes the study of the mechanisms of absorption and distribution of an administered drug, the rate at which a drug action begins and the duration of the effect, the chemical changes of the substance in the body (e.g. by enzymes) and the effects and routes of excretion of the metabolites of the drug.

ADME
Pharmacokinetics is divided into several areas which includes the extent and rate of Absorption, Distribution, Metabolism and Excretion. This is commonly referred to as the ADME scheme. However recent understanding about the drug-body interactions brought about the inclusion of new term Liberation. Now Pharmacokinetics can be better described as LADME.

· Liberation is the process of release of drug from the formulation. 

· Absorption is the process of a substance entering the body. 

· Distribution is the dispersion or dissemination of substances throughout the fluids and tissues of the body. 

· Metabolism is the irreversible transformation of parent compounds into daughter metabolites. 

· Excretion is the elimination of the substances from the body. In rare cases, some drugs irreversibly accumulate in a tissue in the body. 

Pharmacokinetics describes how the body affects a specific drug after administration. Pharmacokinetic properties of drugs may be affected by elements such as the site of administration and the concentration in which the drug is administered. These may affect the absorption rate. 
Analysis
Pharmacokinetic analysis is performed by noncompartmental (model independent) or compartmental methods. Noncompartmental methods estimate the exposure to a drug by estimating the area under the curve of a concentration-time graph. Compartmental methods estimate the concentration-time graph using kinetic models. Compartment-free methods are often more versatile in that they do not assume any specific compartmental model and produce accurate results also acceptable for bioequivalence studies.

Noncompartmental analysis
Noncompartmental PK analysis is highly dependent on estimation of total drug exposure. Total drug exposure is most often estimated by Area Under the Curve methods, with the trapezoidal rule (numerical differential equations) the most common area estimation method. Due to the dependence of the length of 'x' in the trapezoidal rule, the area estimation is highly dependent on the blood/plasma sampling schedule. That is, the closer your time points are, the closer the trapezoids are to the actual shape of the concentration-time curve.

Compartmental analysis
Compartmental PK analysis uses kinetic models to describe and predict the concentration-time curve. PK compartmental models are often similar to kinetic models used in other scientific disciplines such as chemical kinetics and thermodynamics. The advantage of compartmental to some noncompartmental analysis is the ability to predict the concentration at any time. The disadvantage is the difficulty in developing and validating the proper model. Compartment-free modeling based on curve stripping does not suffer this limitation. "PK Solutions"  is an easy to use, industry standard software that produces both noncompartmental as well as compartment-free results suitable for research and education. The simplest PK compartmental model is the one-compartmental PK model with IV bolus administration and first-order elimination. The most complex PK models (called PBPK models) rely on the use of physiological information to ease development and validation.

Bioanalytical methods
Bioanalytical methods are necessary to construct a concentration-time profile. Chemical techniques are employed to measure the concentration of drugs in biological matrix, most often plasma. Proper bioanalytical methods should be selective and sensitive.

Mass spectrometry
Pharmacokinetics is often studied using mass spectrometry because of the complex nature of the matrix (often blood or urine) and the need for high sensitivity to observe low dose and long time point data. The most common instrumentation used in this application is LC-MS with a triple quadrupole mass spectrometer. Tandem mass spectrometry is usually employed for added specificity. Standard curves and internal standards are used for quantitation of usually a single pharmaceutical in the samples. The samples represent different time points as a pharmaceutical is administered and then metabolized or cleared from the body. Blank or t=0 samples taken before administration are important in determining background and insuring data integrity with such complex sample matrices. Much attention is paid to the linearity of the standard curve; however it is not uncommon to use curve fitting with more complex functions such as quadratics since the response of most mass spectrometers is less than linear across large concentration ranges. 
There is currently considerable interest in the use of very high sensitivity mass spectrometry for microdosing studies, which are seen as a promising alternative to animal experimentation.
 PHARMACOKINETICS
Population pharmacokinetics is the study of the sources and correlates of variability in drug concentrations among individuals who are the target patient population receiving clinically relevant doses of a drug of interest. Certain patient demographic, pathophysiological, and therapeutical features, such as body weight, excretory and metabolic functions, and the presence of other therapies, can regularly alter dose-concentration relationships. For example, steady-state concentrations of drugs eliminated mostly by the kidney are usually greater in patients suffering from renal failure than they are in patients with normal renal function receiving the same drug dosage. Population pharmacokinetics seeks to identify the measurable pathophysiologic factors that cause changes in the dose-concentration relationship and the extent of these changes so that, if such changes are associated with clinically significant shifts in the therapeutic index, dosage can be appropriately modified.

Routes of Drug Administration:

1. Intravenous 

2. Oral 

3. Buccal 

4. Sublingual 

5. Rectal 

6. Intramuscular 

7. Transdermal 

8. Subcutaneous 

9. Inhalational 

10. Topical 

Of all of these routes you are most likely to be asked about the transdermal, as it is fashionable.

Otherwise, most other basic pharmacology questions tend to concern the pharmacology of intravenous agents; that is what is discussed below.

First Order Kinetics:

A constant fraction of the drug in the body is eliminated per unit time. The rate of elimination is proportional to the amount of drug in the body. The majority of drugs are eliminated in this way.
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What follows concerns drugs which follow first order kinetics.

 

The Volume of Distribution (Vd) is the amount of drug in the body divided by the concentration in the blood. Drugs that are highly lipid soluble, such as digoxin, have a very high volume of distribution (500 litres). Drugs which are lipid insoluble, such as neuromuscular blockers, remain in the blood, and have a low Vd.

The Clearance (Cl) of a drug is the volume of plasma from which the drug is completely removed per unit time. The amount eliminated is proportional to the concentration of the drug in the blood.

The fraction of the drug in the body eliminated per unit time is determined by the elimination constant (kel). This is represented by the slope of the line of the log plasma concentration versus time.

Cl = kel x Vd

Rate of elimination = clearance x concentration in the blood.

Elimination half life (t1/2): the time taken for plasma concentration to reduce by 50%. After 4 half lives, elimination is 94% complete.

It can be shown that the kel = the log of 2 divided by the t1/2 = 0.693/t1/2.

Likewise, Cl = kel x Vd, so, Cl = 0.693Vd/t1/2.

And t1/2 = 0.693 x Vd / cl

The rate of elimination is the clearance times the concentration in the plasma

Roe = Cl x Cp

Fraction of the total drug removed per unit time = Cl/Vd.

If the volume of distribution is increased, then the kel will decrease, the t1/2 will increase, but the clearance won't change.

Example: You have a 10ml container of orange squash. You put this into a litre (ok 990ml!) of water. The Vd of the orange squash is 1000ml. If, each minute, you empty 10ml of the orange liquid into the 10ml container, discard this, and replace it with 10ml of water. The clearance is 10 ml per minute. The elimination half life is: 70 minutes . The kel is Cl/Vd = 10/1000 = 0.01. Shown the other way, 0.693/50 = 0.01.

If the volume of the container is increased to 2000ml, then the clearance remains the same, but the Vd, and consequently the t1/2, increases (to 140 minutes).

Simple, isn't it?

What is described above is a single compartment model, what would occur if the bloodstream was the only compartment in the body (or if the Vd = the blood volume). But the human body is more complex than this: there are many compartments: muscle, fat, brain tissue etc. In order to describe this, we use multicompartment models.

Multicompartment Models:

Why does a patient wake up after 5 minutes after an injection of thiopentone when we know that it takes several hours to eliminate this drug from the body? What happens is that, initially the drug is all in the blood and this blood goes to "vessel rich" organs; principally the brain. After a few minutes the drug starts to venture off into other tissues (fat, muscle etc) it redistributes, the concentration in the brain decreases and the patient wakes up! The drug thus redistributes into other compartments.

If you were to represent this phenomenon graphically, you would follow a picture of rapid fall in blood concentration, a plateau, and then a slower gradual fall. The first part is the rapid redistribution phase, the alpha phase, the plateau is the equilibrium phase (where blood concentration = tissue concentration), and the slower phase, the beta phase, is the elimination phase where blood and tissue concentrations fall in tandem. This is a simple two compartment model and is as much as you need to know.
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An couple of interesting pieces of information can be derived from the log concentration versus time graph. If you extrapolate back the elimination line to the y axis, then you get to a point called the CP0 - a theoretical point representing the concentration that would have existed at the start if the dose had been instantly distributed (dose/Vd). From this new straight line you can figure out how long it takes for the concentration to drop by 50%: the elimination half life. Likewise, a similar procedure can be performed on the α phase: the redistribution half life.

While it is very important that you understand these concepts, the reality is that most drugs are infinitely more complicated that this, and computer calculations are required to derive this data.

Bioavailability:
This is the fraction of the administered dose that reaches the systemic circulation. Bioavailability is 100% for intravenous injection. It varies for other routes depending on incomplete absorption, first pass hepatic metabolism etc. Thus one plots plasma concentration against time, and the bioavailability is the area under the curve.
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Zero Order Elimination

Why if I have 10 pints of beer before midnight will I fail a breathalyser test at 8 am the following morning? Either this is due to alcohol having a very long half life (which it does not) or that alcohol is cleared in a different way.

What happens is that the metabolic pathways responsible for alcohol metabolism are rapidly saturated and that clearance is determined by how fast these pathways can work. The metabolic pathways work to their limit. This is known as zero order kinetics: a constant amount of drug is eliminated per unit time. This form of kinetics occours with several important drugs at high dosage concentrations: phenytoin, salicylates, theophylline, and thiopentone (at very large doses). Because high dose thio is very slow to clear, we no longer use it in infusion for status epilepticus (as it takes ages for the patient to wake up!).
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Dosage regimens

The strategy for treating patients with drugs is to give sufficient amounts that the required theraputic effect arises, but not a toxic dose.

The maintenance dose is equal to the rate of elimination at steady state (i.e.at steady state, rate of elimination = rate of administration):

Dosing rate = clearance x desired plasma concentration.

Drugs will accumulate within the body if the drug has not been fully eliminated before the next dose. Steady state concentration is thus arrived at after four half lives. This is all very well if you are willing to wait 4 half lives for the drug to be fully effective, but what if you are not? What you may need to do is to "load" the volume of distribution with the drug to achieve target plasma concentrations rapidly: the loading dose.

The loading dose = the volume of distribution x the desired concentration (i.e. the concentration at steady state).

You can figure this out by: Loading dose = usual maintenance dose / usual dosage interval x kel (t1/2/0.693).

Hepatic Drug Clearance

Many drugs are extensively metabolised by the liver. The rate of elimination depends on 1) The liver's inherent ability to metabolise the drug, 2) the amount of drug presented to the liver for metabolism. This is important because drugs administered orally are delivered from the gut to the portal vein to the liver: the liver gobbles up a varying chunk of the administered drug (pre-systemic elimination) and less is available to the body for theraputic effect. This is why you have to give a higher dose of morphine, for examole, orally, than intravenously.

Hepatic drug clearance (i.e. the amount of each drug gobbled up by the liver) depends on:

1) The Intrinsic clearance (Cl int).

2) Hepatic blood flow.

These two factors are independent of one another, and their combined effect is the proportion of drug gobbled up: the extraction ratio.

For drugs that have a low intrinsic clearance, this effect can be increased by giving a second agent that boosts the effect of the liver's enzyme system; these are enzyme inducers. Examples of such drugs are cigarrettes, antiepileptics (carbamazepine & phenytoin), rifampicin, griseofulvin, alcohol and spironolactone (CAR GAS) [also barbiturates]. Consequnetly if a drug addict is given rifampicin or tuberculosis, a higher dose of heroin is required for the same effect. Enzyme inhibitors have the opposite effect: examples are flagyl, allopurinol, cimetidine, erythromycin, dextropropoxyphene, imipramine, (the) pill (FACE DIP).

Likewise, if the blood flow increases, the liver has less chance to gobble up the drug, and the extraction ratio falls. This is particularly the case, as you would expect, of the intrinsic clearance is low.

Illustration: Think of factory workers picking bad apples out of a pile on a conveyor belt, if only one person (low intrinsic clearance) is doing the picking and the speed of the conveyor belt is increased, more bad apples get through. If there are several pickers (high intrinsic clearance) then they are much more able to cope with an increase in the speed of the conveyor belt, but there will come a rate at which they will become overwhelmed, and bad apples will get through.

From this example you can take home this message: for drugs with a low extraction ratio, the kinetics (the body's ability to deal with the drug) depends on enzymatic activity (giving an enzyme inducer effectively gives the single picker 4 arms!). For high extraction ratio drugs, kinetics depends on liver blood flow - the slower the flow the higher the extraction, the higher the flow the lower the extraction ratio.

Drug distribution

When a drug is introduced into the body, where it ends up depends on a number of factors:

1) blood flow, tissues with the highest blood flow receive the drug first, 2) protein binding, drugs stuck to plasma proteins are crippled, they can only go where the proteins go (and that's not very far!), 3) lipid solubility and the degree of ionisation, this describes the ability of drugs to enter tissues (highly lipid soluble / unionised drugs can basically go anywhere).

Protein Binding

Most drugs bind to proteins, either albumin or alpha-1 acid glycoprotein (AAG), to a greater or lesser extent. Drugs prefer to be free, it is in this state that they can travel throughout the body, in and out of tissues and have their biological effect. The downside of this is that they are easy prey for metabolising enzymes.

As you would expect, more highly bound drugs have a longer duration of action and a lower volume of distribution. Generally high extraction ratio drugs' clearance is high because of low protein binding and, conversely, low extraction ratio drugs' clearance is strongly dependent on the amount of protein binding.

Why is this important? If a drug is highly protein bound, you need to give loads of it to get a theraputic effect; as so much is stuck to protein. But what happens if another agent comes along and starts to compete with the drug for the binding site on the protein? Yes, you guessed it, the amount of free drug is increased. This is really important for drugs that are highly protein bound: if a drug is 97% bound to albumin and there is a 3% reduction in binding (displaced by another drug), then the free drug concentration doubles; if a drug is 70% bound and there is a 3% reduction in binding, this will make little difference.

The drugs that you really need to keep an eye on are: warfarin, diazepam, propranolol and phenytoin. For example, a patient on warfarin is admitted with seizures, you treat the patient with phenytoin, next thing you know - his INR is 10.

The amount of albumin does not appear to be hugely relavent. In disease states such as sepsis, the serum albumin drops drastically, but the free drug concentration does not appear to increase
Degree of ionisation

This is really important with regard to local anaesthetics. The essential fact to know is that highly ionized drugs cannnot cross lipid membranes (basically they can't go anywhere) and unionised drugs can cross freely. Morphine is highly ionised, fentanyl is the opposite. Consequently the latter has a faster onset of action. The degree of ionisation depends on the pKa of the drug and the pH of the local environment. The pKa is the the pH at which the drug is 50% ionised. Most drugs are either weak acids or weak bases. Acids are most highly ionised at a high pH (i.e. in an alkaline environment). Bases are most highly ionised in an acidic environment (low pH). For a weak acid, the more acidic the environment, the less ionised the drug, and the more easily it crosses lipid membranes. If you take this acid, at pKa it is 50% ionised, if you add 2 pH points to this (more alkaline), it becomes 90% ionised, if you reduce the pH (more acidic) by two units, it becomes 10% ionised. Weak bases have the opposite effect.

Local anaesthetics are weak bases: the closer the pKa of the local anaesthetic to the local tissue pH, the more unionised the drug is. That is why lignocaine(pKa 7.7) has a faster onset of action than bupivicaine (pKa 8.3). If the local tissues are alkalinised (e.g. by adding bicarbonate to the local anaesthetic), then the tisssue pH is brought closer to the pKa, and the onset of action is hastened.
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PHARMACEUTICAL INDUSTRY 
  

Bulks are active drug substances used to manufacture dosage- form products, process medicated animal feeds or compound prescription medications. 

  

  

The pharmaceutical industry is an important component of health care systems throughout the world; it is comprised of many public and private organizations that discover, develop, manufacture and market medicines for human and animal health (Gennaro 1990). The pharmaceutical industry is based primarily upon the scientific research and development (R&D) of medicines that prevent or treat diseases and disorders. Drug substances exhibit a wide range of pharmacological activity and toxicological properties (Hardman, Gilman and Limbird 1996; Reynolds 1989). Modern scientific and technological advances are accelerating the discovery and development of innovative pharmaceuticals with improved therapeutic activity and reduced side effects. Molecular biologists, medicinal chemists and pharmacists are improving the benefits of drugs through increased potency and specificity. These advances create new concerns for protecting the health and safety of workers within the pharmaceutical industry (Agius 1989; Naumann et al. 1996; Sargent and Kirk 1988; Teichman, Fallon and Brandt-Rauf 1988). 

  

Many dynamic scientific, social and economic factors affect the pharmaceutical industry. Some pharmaceutical companies operate in both national and multinational markets. Therefore, their activities are subject to legislation, regulation and policies relating to drug development and approval, manufacturing and quality control, marketing and sales (Spilker 1994). Academic, government and industry scientists, practising physicians and pharmacists, as well as the public, influence the pharmaceutical industry. Health care providers (e.g., physicians, dentists, nurses, pharmacists and veterinarians) in hospitals, clinics, pharmacies and private practice may prescribe drugs or recommend how they should be dispensed. Government regulations and health care policies on pharmaceuticals are influenced by the public, advocacy groups and private interests. These complex factors interact to influence the discovery and development, manufacturing, marketing and sales of drugs. 

  

The pharmaceutical industry is largely driven by scientific discovery and development, in conjunction with toxicological and clinical experience (see figure 79.1). Major differences exist between large organizations which engage in a broad range of drug discovery and development, manufacturing and quality control, marketing and sales and smaller organizations which focus on a specific aspect. Most multinational pharmaceutical companies are involved in all these activities; however, they may specialize in one aspect based upon local market factors. Academic, public and private organizations perform scientific research to discover and develop new drugs. The biotechnology industry is becoming a major contributor to innovative pharmaceutical research (Swarbick and Boylan 1996). Often, collaborative agreements between research organizations and large pharmaceutical companies are formed to explore the potential of new drug substances. 

  
Drug development in the pharmaceutical industry 
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Many countries have specific legal protections for proprietary drugs and manufacturing processes, known as intellectual property rights. In instances when legal protections are limited or do not exist, some companies specialize in manufacturing and marketing generic drugs (Medical Economics Co. 1995). The pharmaceutical industry requires large amounts of capital investment due to the high expenses associated with R&D, regulatory approval, manufacturing, quality assurance and control, marketing and sales (Spilker 1994). Many countries have extensive government regulations affecting the development and approval of drugs for commercial sale. These countries have strict requirements for good manufacturing practices to ensure the integrity of drug manufacturing operations and the quality, safety and efficacy of pharmaceutical products (Gennaro 1990). 

  

International and domestic trade, as well as tax and finance policies and practices, affect how the pharmaceutical industry operates within a country (Swarbick and Boylan 1996). Significant differences exist between developed and developing countries, regarding their needs for pharmaceutical substances. In developing countries, where malnutrition and infectious diseases are prevalent, nutritional supplements, vitamins and anti-infective drugs are most needed. In developed countries, where the diseases associated with ageing and specific ailments are primary health concerns, cardiovascular, central nervous system, gastrointestinal, anti-infective, diabetes and chemotherapy drugs are in the greatest demand. 

  

Human and animal health drugs share similar R&D activities and manufacturing processes; however, they have unique therapeutic benefits and mechanisms for their approval, distribution, marketing and sales (Swarbick and Boylan 1996). Veterinarians administer drugs to control infectious diseases and parasitic organisms in agricultural and companion animals. Vaccines and anti-infective and antiparasitic drugs are commonly used for this purpose. Nutritional supplements, antibiotics and hormones are widely employed by modern agriculture to promote the growth and health of farm animals. The R&D of pharmaceuticals for human and animal health are often allied, due to concurrent needs to control infectious agents and disease. 

  

Hazardous Industrial Chemicals and Drug-related Substances 
Many different biological and chemical agents are discovered, developed and used in the pharmaceutical industry (Hardman, Gilman and Limbird 1996; Reynolds 1989). Some manufacturing processes in the pharmaceutical, biochemical and synthetic organic chemical industries are similar; however, the greater diversity, smaller scale and specific applications in the pharmaceutical industry are unique. Since the primary purpose is to produce medicinal substances with pharmacological activity, many agents in pharmaceutical R&D and manufacturing are hazardous to workers. Proper control measures must be implemented to protect workers from industrial chemicals and drug substances during many R&D, manufacturing and quality control operations (ILO 1983; Naumann et al. 1996; Teichman, Fallon and Brandt-Rauf 1988). 

  

The pharmaceutical industry uses biological agents (e.g., bacteria and viruses) in many special applications, such as vaccine production, fermentation processes, derivation of blood-based products and biotechnology. Biological agents are not addressed by this profile due to their unique pharmaceutical applications, but other references are readily available (Swarbick and Boylan 1996). Chemical agents may be categorized as industrial chemicals and drug-related substances (Gennaro 1990). These may be raw materials, intermediates or finished products. Special situations arise when industrial chemicals or drug substances are employed in laboratory R&D, quality assurance and control assays, engineering and maintenance, or when they are created as by-products or wastes. 

  

Industrial chemicals 
Industrial chemicals are used in researching and developing active drug substances and manufacturing bulk substances and finished pharmaceutical products. Organic and inorganic chemicals are raw materials, serving as reactants, reagents, catalysts and solvents. The use of industrial chemicals is determined by the specific manufacturing process and operations. Many of these materials may be hazardous to workers. Since worker exposures to industrial chemicals may be hazardous, occupational exposure limits, such as threshold limit values (TLVs) have been established by government, technical and professional organizations (ACGIH 1995). 

  

Drug-related substances 
Pharmacologically active substances may be categorized as natural products and synthetic drugs. Natural products are derived from plant and animal sources, while synthetic drugs are produced by microbiological and chemical technologies. Antibiotics, steroid and peptide hormones, vitamins, enzymes, prostaglandins and pheromones are important natural products. Scientific research is focusing increasingly on synthetic drugs due to recent scientific advances in molecular biology, biochemistry, pharmacology and computer technology. Table 79.1 lists the principal pharmaceutical agents. 

  

 Active drug substances and inert materials are combined during pharmaceutical manufacturing to produce dosage forms of medicinal products (e.g., tablets, capsules, liquids, powders, creams and ointments) (Gennaro 1990). Drugs may be categorized by their manufacturing process and therapeutic benefits (EPA 1995). Drugs are medicinally administered by strictly prescribed means (e.g., oral, injection, skin) and dosages, whereas workers may be exposed to drug substances by inadvertently breathing airborne dust or vapours or accidentally swallowing contaminated foods or beverages. Occupational exposure limits (OELs) are developed by toxicologists and occupational hygienists to provide guidance on limiting worker exposures to drug substances (Naumann et al. 1996; Sargent and Kirk 1988). 

  

Pharmaceutical necessities (e.g., binders, fillers, flavouring and bulking agents, preservatives and antioxidants) are mixed with active drug substances, providing the desired physical and pharmacological properties in the dosage form products (Gennaro 1990). Many pharmaceutical necessities have no or limited therapeutic value and are relatively non-hazardous to workers during drug development and manufacturing operations. These materials are anti-oxidants and preservatives, colouring, flavouring and diluting agents, emulsifiers and suspending agents, ointment bases, pharmaceutical solvents and excipients. 

  

  

  

  
Basic production of bulk drug substances may employ three major types of processes: fermentation, organic chemical synthesis, and biological and natural extraction (Theodore and McGuinn 1992). These manufacturing operations may be discrete batch, continuous or a combination of these processes. Antibiotics, steroids and vitamins are produced by fermentation, whereas many new drug substances are produced by organic synthesis. Historically, most drug substances were derived from natural sources such as plants, animals, fungi and other organisms. Natural medicines are pharmacologically diverse and difficult to produce commercially due to their complex chemistry and limited potency. 
Unit Processes and their Applications
Fine chemicals are pure, single chemical substances that are commercially produced with chemical reactions into highly specialized applications. Fine chemicals produced can be categorized into active pharmaceutical ingredients and their intermediates, biocides, and specialty chemicals for technical applications.

In chemical technology, a distinction is made between bulk chemicals, which are produced in massive quantities by standardized reactions, and fine chemicals, which are custom-produced in smaller quantities for special uses. There is a very large number of fine chemicals that are produced, and thus the chemistries of producing them need to be flexible, whereas the atom economy is not as critical as for bulk chemicals. Owing to the small volume and often-changing chemistry, fine chemicals production is more expensive, generates more waste and requires a higher research investment per kilogram. However, fine chemicals are produced in industrial quantities unlike research chemicals, which are produced only in the laboratory.

With the introduction of new drugs to the market, the chemical identities of pharmaceuticals and their intermediates change often, and they are also produced in small quantities, thus being fine chemicals. Active pharmaceutical ingredients are formulated in a separate factory, where they are compounded with inert pigments, solvents and excipients, and made into dosage forms. Fine chemicals manufacture of pharmaceuticals and intermediates needs to conform to the strict Good Manufacturing Practice standards, and is monitored by the food and drug authorities, particularly the FDA.

Biocides include pesticides, herbicides and other specialized chemicals that are used in agriculture to inhibit or kill pests and weeds and thus improve crop yields. New biocides are developed somewhat slower than new pharmaceuticals.

Speciality chemicals are produced for technical applications. Inks, performance-enhancing additives, special coatings, and photographic chemicals are common examples. They are generally sold based on differentiated performance-in-use characteristics instead of price per mass, the basis upon which fine chemicals are generally sold.

UNIT 4
Manufacturing Principles
Tablets:




A tablet is a mixture of active substances and excipients, usually in powder form, pressed or compacted into a solid. The excipients include binders, glidants (flow aids) and lubricants to ensure efficient tabletting; disintegrants to ensure that the tablet breaks up in the digestive tract; sweeteners or flavours to mask the taste of bad-tasting active ingredients; and pigments to make uncoated tablets visually attractive. A coating may be applied to hide the taste of the tablet's components, to make the tablet smoother and easier to swallow, and to make it more resistant to the environment, extending its shelf life.

The compressed tablet is the most popular dosage form in use today. About two-thirds of all prescriptions are dispensed as solid dosage forms, and half of these are compressed tablets. A tablet can be formulated to deliver an accurate dosage to a specific site; it is usually taken orally, but can be administered sublingually, rectally or intravaginally. Tablet formation represents the last stage in down-stream processing within the pharmaceutical industry. It is just one of the many forms that an oral drug can take such as syrups, elixirs, suspensions, and emulsions. It consists of an active pharmaceutical ingredient (A.P.I.) with biologically inert excipients in a compressed, solid form.

Medicinal tablets were originally made in the shape of a disk of whatever color their components determined, but are now made in many shapes and colors to help users to distinguish between different medicines that they take. Tablets are often stamped with symbols, letters, and numbers, which enable them to be identified. Sizes of tablets to be swallowed range from a few millimeters to about a centimeter. Some tablets are in the shape of capsules, and are called "caplets".

Medicines to be taken orally are very often supplied in tablet form; indeed the word tablet without qualification would be taken to refer to a medicinal tablet. Medicinal tablets and capsules are often called pills. Other products are manufactured in the form of tablets which are designed to dissolve or disintegrate; e.g. cleaning and deodorizing products.

Tabletting formulations




Capping (top) and lamination (right) tablet failure modes

In the tablet-pressing process, it is important that all ingredients be fairly dry, powdered or granular, somewhat uniform in particle size, and freely flowing. Mixed particle sized powders can segregate due to operational vibrations, which can result in tablets with poor drug or active pharmaceutical ingredient (API) content uniformity. Content uniformity ensures that the same API dose is delivered with each tablet.

Some APIs may be tableted as pure substances, but this is rarely the case; most formulations include excipients. Normally, an inactive ingredient (excipient) termed a binder is added to help hold the tablet together and give it strength. A wide variety of binders may be used, some common ones including lactose powder, dibasic calcium phosphate, sucrose, corn (maize) starch, microcrystalline cellulose and modified cellulose (for example hydroxymethyl cellulose).

Often, an ingredient is also needed to act as a disintegrant that hydrates readily in water to aid tablet dispersion once swallowed, releasing the API for absorption. Some binders, such as starch and cellulose, are also excellent disintegrants.

Small amounts of lubricants are usually added, as well. The most common of these is magnesium stearate; however, other commonly used tablet lubricants include stearic acid (stearin), hydrogenated oil, and sodium stearyl fumarate. These help the tablets, once pressed, to be more easily ejected from the die.

Friability is an important factor in tablet formulation to ensure that the tablet can stay intact and withhold its form from any outside force of pressure:

where Wo is the original weight of the tablets, and Wf is the final weight of the tablets after the collection is put through the friabilator.

Friability below 0.8% is usually considered satisfactory.

Advantages and disadvantages




Variations on a common tablet design, which can be told apart by both color and shape

Tablets are easy and convenient to use. They provide an accurately measured dosage in a convenient portable package, and can be designed to protect unstable medications or disguise unpalatable ingredients. Coatings can be coloured or stamped to aid tablet recognition. Manufacturing processes and techniques can provide tablets special properties; for example enteric coatings or sustained release formulations.

Tablets cannot be used adequately in case of emergency cases. This is because the rate at which the active ingredient reaches the site to be treated is slow. Other means such intravenous and intramuscular injections are more effective. Some drugs may be unsuitable for administration by the oral route. For example protein drugs such as insulin may be denatured by stomach acids. Such drugs cannot be made into tablets. Some drugs may be deactivated by the liver (the "first pass effect") making them unsuitable for oral use. Drugs which can be taken sublingually bypass the liver and are less susceptible to the first pass effect. Bioavailability of some drugs may be low due to poor absorption from the gastric tract. Such drugs may need to be given in very high doses or by injection. For drugs that need to have rapid onset, or that have severe side effects, the oral route may not be suitable. For example Salbutamol, used to treat problems in the pulmonary system, can have effects on the heart and circulation if taken orally; these effects are greatly reduced by inhaling smaller doses direct to the required site of action.

Tablet properties
Tablets can be made in virtually any shape, although requirements of patients and tabletting machines mean that most are round, oval or capsule shaped. More unsusual shapes have been manufactured but patients find these harder to swallow, and they are more vulnerable to chipping or manufacturing problems.

Tablet diameter and shape are determined by a combination of a set of punches and a die. This is called a station of tooling. The thickness is determined by the amount of tablet material and the position of the punches in relation to each other during compression. Once this is done, we can measure the corresponding pressure applied during compression. The shorter the distance between the punches, thickness, the greater the pressure applied during compression, and sometimes the harder the tablet. Tablets need to be hard enough that they don't break up in the bottle, yet friable enough that they disintegrate in the gastric tract.

The tablet is composed of the Active Pharmaceutical Ingredient (that is the active drug) together with various excipients. These are biologically inert ingredients which either enhance the therapeutic effect or are necessary to construct the tablet. The filler or diluent (e.g. lactose or sorbitol)is a bulking agent, providing a quantity of material which can accurately be formed into a tablet. Binders (e.g. methyl cellulose or gelatin) hold the ingredients together so that they can form a tablet. Lubricants (e.g. magnesium stearate or polyethylene glycol) are added to reduce the friction between the tablet and the punches and dies so that the tablet compression and ejection processes are smooth. Disintegrants (e.g. starch or cellulose) are used to promote wetting and swelling of the tablet so that it breaks up in the gastro intestinal tract; this is necessary to ensure dissolution of the API. Superdisintegrants are sometimes used to greatly speed up the disintegration of the tablet. Additional ingredients may also be added such as coloring agents, flavoring agents, and coating agents. Formulations are designed using small quantities in a laboratory machine called a Powder Compaction Simulator. This can prove the manufacturing process and provide information for the regulatory authorities.

Manufacturing
In the tablet-pressing process, it is important that all ingredients be dry, powdered, and of uniform grain size as much as possible. The main guideline in manufacture is to ensure that the appropriate amount of active ingredient is equal in each tablet so ingredients should be well-mixed. Great pressure is applied to tablets to compact the material. If a sufficiently homogenous mix of the components cannot be obtained with simple mixing, the ingredients must be granulated prior to compression to assure an even distribution of the active compound in the final tablet. Two basic techniques are used to prepare powders for granulation into a tablet: wet granulation and dry granulation.
Powders that can be mixed well do not require granulation and can be compressed into tablets through Direct Compression

Direct Compression
This method is used when a group of ingredients can be blended and placed in a tablet press to make a tablet without any of the ingredients having to be changed. This is not very common because many tablets have active pharmaceutical ingredients which will not allow for direct compression due to their concentration or the excipients used in formulation are not conducive to direct compression.

Granulation is the process of collecting particles together by creating bonds between them. There are several different methods of granulation. The most popular, which is used by over 70% of formulation in tablet manufacture is wet granulation. Dry granulation is another method used to form granules.

Wet granulation
Wet granulation is a process of using a liquid binder or adhesive to the powder mixture. The amount of liquid can be properly managed, and over wetting will cause the granules to be too hard and under wetting will cause thém to be too soft and friable. Aqueous solutions have the advantage of being safer to deal with than solvents.

· Procedure of Wet Granulation 

· Step 1: Weighing and Blending - the active ingredient, filler, disintegration agents, are weighed and mixed. 

· Step 2: The wet granulate is prepared by adding the liquid binder/adhesive. Examples of binders/adhesives include aqueous preparations of cornstarch, natural gums such as acacia, cellulose derivatives such as methyl cellulose, CMC, gelatin, and povidone. Ingredients are placed within a granulator which helps ensure correct density of the composition. 

· Step 3: Screening the damp mass into pellets or granules 

· Step 4: Drying the granulation 

· Step 5: Dry screening: After the granules are dried, pass through a screen of smaller size than the one used for the wet mass to select granules of uniform size to allow even fill in the die cavity 

· Step 6: Lubrication- A dry lubricant, antiadherent and glidant are added to the granules either by dusting over the spread-out granules or by blending with the granules. Its reduces friction between the tablet and the walls of the die cavity. Antiadherent reduces sticking of the tablet to the die and punch. 

· Step 7: liquid binder, but sometimes many actives are not compatible with water. Water mixed into the powder can form bonds between powder particles that are strong enough to lock them in together. However, once the water dries, the powders may fall apart and therefore might not be strong enough to create and hold a bond. Povidone also known as polyvinyl pyrrolidone (PVP) is one of the most commonly used pharmaceutical binders. PVP and a solvent are mixed with the powders to form a bond during the process, and the solvent evaporates. Once the solvent evaporates and powders have formed a densely held mass, then the granulation is milled which results in formation of granules 

Dry granulation
This process is used when the product needed to be granulated may be sensitive to moisture and heat. Dry granulation can be conducted on a press using slugging tooling or on a roller compactor commonly referred to as a chilsonator. Dry granulation equipment offers a wide range of pressure and roll types to attain proper densification. However, the process may require repeated compaction steps to attain the proper granule end point.

Process times are often reduced and equipment requirements are streamlined; therefore the cost is reduced. However, dry granulation often produces a higher percentage of fines or noncompacted products, which could compromise the quality or create yield problems for the tablet. It requires drugs or excipients with cohesive properties.

· Some granular chemicals are suitable for direct compression (free flowing) e.g. potassium chloride. 

· Tableting excipients with good flow characteristics and compressibility allow for direct compression of a variety of drugs. 

Fluidized bed granulation
It is a multiple step process performed in the same vessel to pre-heat, granulate and dry the powders. It is today a commonly used method in pharmaceuticals because it allows the individual company to more fully control the powder preparation process. It requires only one piece of machinery that mixes all the powders and granules on a bed of air.

Tablet Compaction Simulator
Tablet formulations are designed and tested using a laboratory machine called a Tablet Compaction Simulator or Powder Compaction Simulator. This is a computer controlled device that can measure the punch positions, punch pressures, friction forces, die wall pressures, and sometimes the tablet internal temperature during the compaction event. Numerous experiments with small quantities of different mixtures can be performed to optimise a formulation. Mathematically corrected punch motions can be programmed to simulate any type and model of production tablet press. Small differences in production machine stiffness can change the strain rate during compaction by large amounts, affecting temperature and compaction behaviour. To simulate true production conditions in today's high speed tablet presses, modern Compaction Simulators are very powerful and strong.

Initial quantities of active pharmaceutical ingredients are very expensive to produce, and using a Compaction Simulator reduces the amount of powder required for development.

Load controlled tests are particularly useful for designing multi-layer tablets where layer interface conditions must be studied.

Test data recorded by the Simulators must meet the regulations for security, completeness and quality to support new or modified drug filings, and show that the designed manufacturing process is robust and reliable.

Tablet presses




The tablet pressing operation





An old Cadmach rotary tablet press

Tablet presses, also called tableting machines, range from small, inexpensive bench-top models that make one tablet at a time (single-station presses), no more than a few thousand an hour, and with only around a half-ton pressure, to large, computerized, industrial models (multi-station rotary or eccentric presses) that can make hundreds of thousands to millions of tablets an hour with much greater pressure. Some tablet presses can make extremely large tablets, such as some of the toilet cleaning and deodorizing products or dishwasher soap. Others can make smaller tablets, from regular aspirin to some the size of a bb gun pellet. Tablet presses may also be used to form tablets out of a wide variety of materials, from powdered metals to cookie crumbs. The tablet press is an essential piece of machinery for any pharmaceutical and nutraceutical manufacturer.

Pill-splitters
It is sometimes necessary to split tablets into halves or quarters. Tablets are easier to break accurately if scored, but there are devices called pill-splitters which cut unscored and scored tablets. Tablets with special coatings (for example enteric coatings or controlled-release coatings) should not be broken before use, as this will expose the tablet core to the digestive juices, short-circuiting the intended delayed-release effect.

Tablet coating
Many tablets today are coated after being pressed. Although sugar-coating was popular in the past, the process has many drawbacks. Modern tablet coatings are polymer and polysaccharide based, with plasticizers and pigments included. Tablet coatings must be stable and strong enough to survive the handling of the tablet, must not make tablets stick together during the coating process, and must follow the fine contours of embossed characters or logos on tablets. Coatings can also facilitate printing on tablets, if required. Coatings are necessary for tablets that have an unpleasant taste, and a smoother finish makes large tablets easier to swallow. Tablet coatings are also useful to extend the shelf-life of components that are sensitive to moisture or oxidation. Opaque materials like titanium dioxide can protect light-sensitive actives from photodegradation. Special coatings (for example with pearlescent effects) can enhance brand recognition.

If the active ingredient of a tablet is sensitive to acid, or is irritant to the stomach lining, an enteric coating can be used, which is resistant to stomach acid and dissolves in the high pH of the intestines. Enteric coatings are also used for medicines that can be negatively affected by taking a long time to reach the small intestine where they are absorbed. Coatings are often chosen to control the rate of dissolution of the drug in the gastro-intestinal tract. Some drugs will be absorbed better at different points in the digestive system. If the highest percentage of absorption of a drug takes place in the stomach, a coating that dissolves quickly and easily in acid will be selected. If the rate of absorption is best in the large intestine or colon, then a coating that is acid resistant and dissolves slowly would be used to ensure it reached that point before dispersing. The area of the gastro-intestinal tract with the best absorption for any particular drug is usually determined by clinical trials.

This is the last stage in tablet formulation and it is done to protect the tablet from temperature and humidity constraints. It is also done to mask the taste, give it special characteristics, distinction to the product, and prevent inadvertent contact with the drug substance. The most common forms of tablet coating are sugar coating and film coating.

Coating is also performed for the following reasons:

1. Controlling site of drug release 

2. Providing controlled, continuous release or reduce the frequency of drug dosing 

3. Maintaining physical or chemical drug integrity 

4. Enhancing product acceptance and appearance 

Sugar coating is done by rolling the tablets in heavy syrup, in a similar process to candy making. It is done to give tablets an attractive appearance and to make pill-taking less unpleasant. However, the process is tedious and time-consuming and it requires the expertise of highly skilled technician. It also adds a substantial amount of weight to the tablet which can create some problems in packaging and distribution.

In comparison to sugar coating, film coating is more durable, less bulky, and less time consuming. But it creates more difficulty in hiding tablet appearance. One application of film-coating is for enteric protection, termed enteric coating. The purpose of enteric coating is to prevent dissolution of the tablet in the stomach, where the stomach acid may degrade the active ingredient, or where the time of passage may compromise its effectiveness, in favor of dissolution in the small intestine, where the active principle is better absorbed.

Capsules
In the manufacture of pharmaceuticals, encapsulation refers to a range of techniques used to enclose medicines in a relatively stable shell known as a capsule, allowing them to, for example, be taken orally or be used as suppositories. The two main types of capsules are hard-shelled capsules, which are normally used for dry, powdered ingredients, and soft-shelled capsules, primarily used for oils and for active ingredients that are dissolved or suspended in oil. Both of these classes of capsule are made both from gelatine and from plant-based gelling substances like carrageenans and modified forms of starch and cellulose.

Since their inception, capsules have been viewed by consumers as the most efficient method of taking medication. For this reason, producers of drugs such as OTC analgesics wanting to emphasize the strength of their product developed the "caplet" or "capsule-shaped tablet" in order to tie this positive association to more efficiently-produced tablet pills. After the 1982 Tylenol tampering murders, capsules experienced a minor fall in popularity as tablets were seen as more resistant to tampering.

Soft gel encapsulation




Cod liver oil soft gel capsules.

In 1834, Mothes and Dublanc were granted a patent for a method to produce a single-piece gelatin capsule that was sealed with a drop of gelatin solution. They used individual iron moulds for their process, filling the capsules individually with a medicine dropper. Later on, methods were developed that used sets of plates with pockets to form the capsules. Although some companies still use this method, the equipment is not produced commercially any more. All modern soft-gel encapsulation uses variations of a process developed by R.P. Scherer in 1933. His innovation was to use a rotary die to produce the capsules, with the filling taking place by blow molding. This method reduced wastage, and was the first process to yield capsules with highly repeatable dosage.

In 1949, the Lederle Laboratories division of the American Cyanamid Company developed the "Accogel" process, allowing powders to be accurately filled into soft gelatin capsules.

Two-part gel capsules




Two-part hard starch capsules

James Murdock patented the two-part telescoping gelatin capsule in London in 1847. The capsules are made in two parts by dipping metal rods in molten starch or cellulose solution. The capsules are supplied as closed units to the pharmaceutical manufacturer. Before use, the two halves are separated, the capsule is filled with powder (either by placing a compressed slug of powder into one half of the capsule, or by filling one half of the capsule with loose powder) and the other half of the capsule is pressed on. The advantage of inserting a slug of compressed powder is that control of weight variation is better, but the machinery involved is more complex. 

Sizing
In Canada, starch or cellulose are available in a range of sizes with designations 000, 00, 0E, 0, 1, 2, 3, and 4. The respective volumetric capacities are 1.37ml, 950µl, 770µl, 680µl, 480µl, 360µl, 270µl, and 200µl.
Solutions and Suspensions
In chemistry, a solution is a homogeneous mixture composed of two or more substances. In such a mixture, a solute is dissolved in another substance, known as a solvent. Gases may dissolve in liquids, for example, carbon dioxide or oxygen in water. Liquids may dissolve in other liquids. Gases can combine with other gases to form mixtures, rather than solutions. All solutions are characterized by interactions between the solvent phase and solute molecules or ions that result in a net decrease in free energy. Under such a definition, gases typically cannot function as solvents, since in the gas phase interactions between molecules are minimal due to the large distances between the molecules. This lack of interaction is the reason gases can expand freely and the presence of these interactions is the reason liquids do not expand.

Examples of solid solutions are alloys and certain minerals and polymers containing plasticizers. The ability of one compound to dissolve in another compound is called solubility. The physical properties of compounds such as melting point and boiling point change when other compounds are added. Together they are called colligative properties. There are several ways to quantify the amount of one compound dissolved in the other compounds collectively called concentration. Examples include molarity, molality, mole fraction, and parts per million (ppm).

Solutions should be distinguished from non-homogeneous mixtures such as colloids and suspensions. When a liquid is able to completely dissolve in another liquid the two liquids are miscible. Two substances that can never mix to form a solution are called immiscible.

In chemistry, a suspension is a heterogeneous fluid containing solid particles that are sufficiently large for sedimentation. Usually they must be larger than 1 micrometre. The internal phase (solid) is dispersed throughout the external phase (fluid) through mechanical agitation, with the use of certain excipients or suspending agents. Unlike colloids, suspensions will eventually settle. An example of a suspension would be sand in water. The suspended particles are visible under a microscope and will settle over time if left undisturbed. This distinguishes a suspension from a colloid in which the suspended particles are smaller and do not settle. Colloids and suspensions are different from a solution, in which the dissolved substance (solute) does not exist as a solid and solvent and solute two are homogeneously mixed.

A suspension of liquid droplets or fine solid particles in a gas is called an aerosol. In the atmosphere these consist of fine dust and soot particles, sea salt, biogenic and volcanogenic sulfates, nitrates, and cloud droplets.

Suspensions are classified on the basis of the dispersed phase and the dispersion medium, where the former is essentially solid while the latter may either be a solid, a liquid or a gas.

UNIT 5
Pharmaceutical Products and their control

Vitamins:

A vitamin is an organic compound required as a nutrient in tiny amounts by an organism. A compound is called a vitamin when it cannot be synthesized in sufficient quantities by an organism, and must be obtained from the diet. Thus, the term is conditional both on the circumstances and the particular organism. For example, ascorbic acid functions as vitamin C for some animals but not others, and vitamins D and K are required in the human diet only in certain circumstances. The term vitamin does not include other essential nutrients such as dietary minerals, essential fatty acids, or essential amino acids, nor does it encompass the large number of other nutrients that promote health but are otherwise required less often. 

Vitamins are classified by their biological and chemical activity, not their structure. Thus, each "vitamin" may refer to several vitamer compounds that all show the biological activity associated with a particular vitamin. Such a set of chemicals are grouped under an alphabetized vitamin "generic descriptor" title, such as "vitamin A," which includes the compounds retinal, retinol, and many carotenoids. Vitamers are often inter-converted in the body.

Vitamins have diverse biochemical functions, including function as hormones (e.g. vitamin D), antioxidants (e.g. vitamin E), and mediators of cell signaling and regulators of cell and tissue growth and differentiation (e.g. vitamin A). The largest number of vitamins (e.g. B complex vitamins) function as precursors for enzyme cofactor bio-molecules (coenzymes), that help act as catalysts and substrates in metabolism. When acting as part of a catalyst, vitamins are bound to enzymes and are called prosthetic groups. For example, biotin is part of enzymes involved in making fatty acids. Vitamins also act as coenzymes to carry chemical groups between enzymes. For example, folic acid carries various forms of carbon group – methyl, formyl and methylene - in the cell. Although these roles in assisting enzyme reactions are vitamins' best-known function, the other vitamin functions are equally important. 

Until the 1900s, vitamins were obtained solely through food intake, and changes in diet (which, for example, could occur during a particular growing season) can alter the types and amounts of vitamins ingested. Vitamins have been produced as commodity chemicals and made widely available as inexpensive pills for several decades, allowing supplementation of the dietary intake.

Analgesics:
An analgesic (also known as a painkiller) is any member of the diverse group of drugs used to relieve pain (achieve analgesia). The word analgesic derives from Greek an- ("without") and algos ("pain"). Analgesic drugs act in various ways on the peripheral and central nervous systems; they include paracetamol (acetaminophen), the non-steroidal anti-inflammatory drugs (NSAIDs) such as the salicylates, narcotic drugs such as morphine, synthetic drugs with narcotic properties such as tramadol, and various others.

In choosing analgesics, the severity and response to other medication determines the choice of agent; the WHO pain ladder, originally developed in cancer-related pain, is widely applied to find suitable drugs in a stepwise manner. The analgesic choice is also determined by the type of pain: for neuropathic pain, traditional analgesics are less effective, and there is often benefit from classes of drugs that are not normally considered analgesics, such as tricyclic antidepressants and anticonvulsants.

Paracetamol and NSAIDs 
The exact mechanism of action of paracetamol/acetaminophen is uncertain, but it appears to be acting centrally. Aspirin and the other non-steroidal anti-inflammatory drugs (NSAIDs) inhibit cyclooxygenases, leading to a decrease in prostaglandin production. This reduces pain and also inflammation (in contrast to paracetamol and the opioids).

Paracetamol has few side effects and is regarded as very safe, although excessive doses can lead to kidney and liver damage in the form of analgesic nephropathy and paracetamol hepatotoxicity, respectively. NSAIDs predispose to peptic ulcers, renal failure, allergic reactions, and occasionally hearing loss, and they can increase the risk of hemorrhage by affecting platelet function. The use of aspirin in children under 16 suffering from viral illness may contribute to Reye syndrome.

COX-2 inhibitors
These drugs have been derived from NSAIDs. The cyclooxygenase enzyme inhibited by NSAIDs was discovered to have at least 2 different versions: COX1 and COX2. Research suggested that most of the adverse effects of NSAIDs were mediated by blocking the COX1 (constitutive) enzyme, with the analgesic effects being mediated by the COX2 (inducible) enzyme. The COX2 inhibitors were thus developed to inhibit only the COX2 enzyme (traditional NSAIDs block both versions in general). These drugs (such as rofecoxib and celecoxib) are equally effective analgesics when compared with NSAIDs, but cause less gastrointestinal hemorrhage in particular. However, post-launch data indicated increased risk of cardiac and cerebrovascular events with these drugs due to an increased likelihood of clotting in the blood due to a decrease in the production of protoglandin around the platelets causing less clotting factor to be released, and rofecoxib was subsequently withdrawn from the market. The role for this class of drug is debated.

Opiates and morphinomimetics
Morphine, the archetypal opioid, and various other substances (e.g. codeine, oxycodone, hydrocodone, diamorphine, pethidine) all exert a similar influence on the cerebral opioid receptor system. Tramadol and buprenorphine are thought to be partial agonists of the opioid receptors. Tramadol is structurally closer to venlafaxine than to codeine and delivers analgesia by not only delivering "opiate-like" effects (through mild agonism of the mu receptor) but also by acting as a weak but fast-acting serotonin and norepinephrine reuptake inhibitor. Nevertheless, dosing of all opioids may be limited by opioid toxicity (confusion, respiratory depression, myoclonic jerks and pinpoint pupils), seizures (Tramadol), but there is no dose ceiling in patients who tolerate this.

Opioids, while very effective analgesics, may have some unpleasant side-effects. Up to 1 in 3 patients starting morphine may experience nausea and vomiting (generally relieved by a short course of antiemetics). Pruritus (itching) may require switching to a different opioid. Constipation occurs in almost all patients on opioids, and laxatives (lactulose, macrogol-containing or co-danthramer) are typically co-prescribed.

When used appropriately, opioids and similar narcotic analgesics are otherwise safe and effective, however risks such as addiction and the body becoming used to the drug (tolerance) can occur. The effect of tolerance means that drug dosing may have to be increased if it is for a chronic disease this is where the no ceiling limit of the drug comes into play. However what must be remembered is although there is no upper limit there is a still a toxic dose even if the body has become used to higher doses.

Specific agents
In patients with chronic or neuropathic pain, various other substances may have analgesic properties. Tricyclic antidepressants, especially amitriptyline, have been shown to improve pain in what appears to be a central manner. The exact mechanism of carbamazepine, gabapentin and pregabalin is similarly unclear, but these anticonvulsants are used to treat neuropathic pain with modest success.

Antibiotics:
In common usage, an antibiotic is a substance or compound (also called chemotherapeutic agent) that kills or inhibits the growth of bacteria. Antibiotics belong to the group of antimicrobial compounds used to treat infections caused by micro-organisms, including fungi and protozoa.

The term "antibiotic" (from the Ancient Greek: ἀντί – anti, "against" and Ancient Greek: βίος – bios, "life") was coined by Selman Waksman in 1942 to describe any substance produced by a micro-organism that is antagonistic to the growth of other micro-organisms in high dilution. This original definition excluded naturally occurring substances, such as gastric juice and hydrogen peroxide (they kill bacteria but are not produced by micro-organisms), and also excluded synthetic compounds such as the sulfonamides (which are antimicrobial agents). Many antibiotics are relatively small molecules with a molecular weight less than 2000 Da.

With advances in medicinal chemistry, most antibiotics are now modified chemically from original compounds found in nature, as is the case with beta-lactams (which include the penicillins, produced by fungi in the genus Penicillium, the cephalosporins, and the carbapenems). Some antibiotics are still produced and isolated from living organisms, such as the aminoglycosides; in addition, many more have been created through purely synthetic means, such as the quinolones.

Antimicrobial pharmacodynamics
The environment of individual antibiotics varies with the location of the infection, the ability of the antibiotic to reach the infection site, and the ability of the microbe to inactivate or excrete the antibiotic. At the highest level, antibiotics can be classified as either bactericidal or bacteriostatic. Bactericidals kill bacteria directly where bacteriostatics prevent cell division. However, these classifications are based on laboratory behavior; in practice, both of these are capable of ending a bacterial infection. The bactericidal activity of antibiotics may be growth phase dependent and in most but not all cases action of many bactericidal antibiotics requires ongoing cell activity and cell division for the drugs' killing activity. The minimum inhibitory concentration and minimum bactericidal concentration are used to measure in vitro activity antimicrobial and is an excellent indicator of antimicrobial potency. However, in clinical practice these measurements alone are insufficient to predict clinical outcome. By combining the pharmacokinetic profile of antibiotic with the antimicrobial activity several pharmacological parameters appear to be significant markers of drug efficacy. The activity of antibiotics may be concentration-dependent and characteristic antimicrobial activity increases with the progressively higher antibiotic concentrations. They may also be time-dependent where the antimicrobial activity does not increase with increasing antibiotic concentrations, however it is critical that the minimum inhibitory serum concentrations is maintained for a certain length of time. 

Administration
Oral antibiotics are simply ingested, while intravenous antibiotics are used in more serious cases, such as deep-seated systemic infections. Antibiotics may also sometimes be administered topically, as with eye drops or ointments.

Antibiotic classes
Unlike many previous treatments for infections, which often consisted of administering chemical compounds such as strychnine and arsenic, with high toxicity also against mammals, most antibiotics from microbes have fewer side-effects, and high effective target activity. Most anti-bacterial antibiotics do not have activity against viruses, fungi, or other microbes. Anti-bacterial antibiotics can be categorized based on their target specificity: "narrow-spectrum" antibiotics target particular types of bacteria, such as Gram-negative or Gram-positive bacteria, while broad-spectrum antibiotics affect a wide range of bacteria. Antibiotics which target the bacterial cell wall (penicillins, cephalosporins), or cell membrane (polymixins), or interfere with essential bacterial enzymes (quinolones, sulfonamides) usually are bactericidal in nature. Those which target protein synthesis such as the aminoglycosides, macrolides and tetracyclines are usually bacteriostatic. In the last few years three new classes of antibiotics have been brought into clinical use. This follows a 40-year hiatus in discovering new classes of antibiotic compounds. These new antibiotics are of the following three classes: cyclic lipopeptides (daptomycin), glycylcyclines (tigecycline), and oxazolidinones (linezolid). Tigecycline is a broad-spectrum antibiotic, while the two others are used for Gram-positive infections. These developments show promise as a means to counteract the growing bacterial resistance to existing antibiotics.

Production
Production of antibiotics

Since the first pioneering efforts of Florey and Chain in 1939, the importance of antibiotics to medicine has led to much research into discovering and producing them. The process of production usually involves screening of wide ranges of microorganisms, testing and modification. Production is carried out using fermentation, usually in strongly aerobic form.

Hormones:
Hormones are chemicals released by cells that affect cells in other parts of the body. Only a small amount of hormone is required to alter cell metabolism. It is essentially a chemical messenger that transports a signal from one cell to another. All multicellular organisms produce hormones; plant hormones are also called phytohormones. Hormones in animals are often transported in the blood. Cells respond to a hormone when they express a specific receptor for that hormone. The hormone binds to the receptor protein, resulting in the activation of a signal transduction mechanism that ultimately leads to cell type-specific responses.

Endocrine hormone molecules are secreted (released) directly into the bloodstream, while exocrine hormones (or ectohormones) are secreted directly into a duct, and from the duct they either flow into the bloodstream or they flow from cell to cell by diffusion in a process known as paracrine signalling.

Hormones as a signal
Hormonal signaling across this hierarchy involves the following:

1. Biosynthesis of a particular hormone in a particular tissue 

2. Storage and secretion of the hormone 

3. Transport of the hormone to the target cell(s) 

4. Recognition of the hormone by an associated cell membrane or intracellular receptor protein. 

5. Relay and amplification of the received hormonal signal via a signal transduction process: This then leads to a cellular response. The reaction of the target cells may then be recognized by the original hormone-producing cells, leading to a down-regulation in hormone production. This is an example of a homeostatic negative feedback loop. 

6. Degradation of the hormone. 

As can be inferred from the hierarchical diagram, hormone biosynthetic cells are typically of a specialized cell type, residing within a particular endocrine gland, such as thyroid gland, ovaries, and testes. Hormones exit their cell of origin via exocytosis or another means of membrane transport. The hierarchical model is an oversimplification of the hormonal signaling process. Cellular recipients of a particular hormonal signal may be one of several cell types that reside within a number of different tissues, as is the case for insulin, which triggers a diverse range of systemic physiological effects. Different tissue types may also respond differently to the same hormonal signal. Because of this, hormonal signaling is elaborate and hard to dissect.

Interactions with receptors
Most hormones initiate a cellular response by initially combining with either a specific intracellular or cell membrane associated receptor protein. A cell may have several different receptors that recognize the same hormone and activate different signal transduction pathways, or alternatively different hormones and their receptors may invoke the same biochemical pathway.

For many hormones, including most protein hormones, the receptor is membrane associated and embedded in the plasma membrane at the surface of the cell. The interaction of hormone and receptor typically triggers a cascade of secondary effects within the cytoplasm of the cell, often involving phosphorylation or dephosphorylation of various other cytoplasmic proteins, changes in ion channel permeability, or increased concentrations of intracellular molecules that may act as secondary messengers (e.g. cyclic AMP). Some protein hormones also interact with intracellular receptors located in the cytoplasm or nucleus by an intracrine mechanism.

For hormones such as steroid or thyroid hormones, their receptors are located intracellularly within the cytoplasm of their target cell. In order to bind their receptors these hormones must cross the cell membrane. The combined hormone-receptor complex then moves across the nuclear membrane into the nucleus of the cell, where it binds to specific DNA sequences, effectively amplifying or suppressing the action of certain genes, and affecting protein synthesis. However, it has been shown that not all steroid receptors are located intracellularly, some are plasma membrane associated. 
An important consideration, dictating the level at which cellular signal transduction pathways are activated in response to a hormonal signal is the effective concentration of hormone-receptor complexes that are formed. Hormone-receptor complex concentrations are effectively determined by three factors:

1. The number of hormone molecules available for complex formation 

2. The number of receptor molecules available for complex formation and 

3. The binding affinity between hormone and receptor. 

The number of hormone molecules available for complex formation is usually the key factor in determining the level at which signal transduction pathways are activated. The number of hormone molecules available being determined by the concentration of circulating hormone, which is in turn influenced by the level and rate at which they are secreted by biosynthetic cells. The number of receptors at the cell surface of the receiving cell can also be varied as can the affinity between the hormone and its receptor.

Physiology of hormones
Most cells are capable of producing one or more molecules, which act as signaling molecules to other cells, altering their growth, function, or metabolism. The classical hormones produced by cells in the endocrine glands mentioned so far in this article are cellular products, specialized to serve as regulators at the overall organism level. However they may also exert their effects solely within the tissue in which they are produced and originally released.

The rate of hormone biosynthesis and secretion is often regulated by a homeostatic negative feedback control mechanism. Such a mechanism depends on factors which influence the metabolism and excretion of hormones. Thus, higher hormone concentration alone cannot trigger the negative feedback mechanism. Negative feedback must be triggered by overproduction of an "effect" of the hormone.

Hormone secretion can be stimulated and inhibited by:

· Other hormones (stimulating- or releasing-hormones) 

· Plasma concentrations of ions or nutrients, as well as binding globulins 

· Neurons and mental activity 

· Environmental changes, e.g., of light or temperature 

One special group of hormones is the tropic hormones that stimulate the hormone production of other endocrine glands. For example, thyroid-stimulating hormone (TSH) causes growth and increased activity of another endocrine gland, the thyroid, which increases output of thyroid hormones.

A recently-identified class of hormones is that of the "hunger hormones" - ghrelin, orexin and PYY 3-36 - and "satiety hormones" - e.g., leptin, obestatin, nesfatin-1.

In order to release active hormones quickly into the circulation, hormone biosynthetic cells may produce and store biologically inactive hormones in the form of pre- or prohormones. These can then be quickly converted into their active hormone form in response to a particular stimulus.

Effects of hormone
Hormones have the following effects on the body:

· stimulation or inhibition of growth 

· mood swings 

· induction or suppression of apoptosis (programmed cell death) 

· activation or inhibition of the immune system 

· regulation of metabolism 

· preparation of the body for fighting, sex, fleeing, mating, and other activity 

· preparation of the body for a new phase of life, such as puberty, parenting, and menopause 

· control of the reproductive cycle 

A hormone may also regulate the production and release of other hormones. Hormone signals control the internal environment of the body through homeostasis.

Chemical classes of hormones
Vertebrate hormones fall into three chemical classes:

· Amine-derived hormones are derivatives of the amino acids tyrosine and tryptophan. Examples are catecholamines and thyroxine. 

· Peptide hormones consist of chains of amino acids. Examples of small peptide hormones are TRH and vasopressin. Peptides composed of scores or hundreds of amino acids are referred to as proteins. Examples of protein hormones include insulin and growth hormone. More complex protein hormones bear carbohydrate side chains and are called glycoprotein hormones. Luteinizing hormone, follicle-stimulating hormone and thyroid-stimulating hormone are glycoprotein hormones. 

· Lipid and phospholipid-derived hormones derive from lipids such as linoleic acid and arachidonic acid and phospholipids. The main classes are the steroid hormones that derive from cholesterol and the eicosanoids. Examples of steroid hormones are testosterone and cortisol. Sterol hormones such as calcitriol are a homologous system. The adrenal cortex and the gonads are primary sources of steroid hormones. Examples of eicosanoids are the widely studied prostaglandins.
