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ПРЕДИСЛОВИЕ  
 

Бурное развитие химии во второй половине XX века привело к созданию 
новых направлений, которые оформились в самостоятельные дисциплины. Это, 
в первую очередь, Нефтехимия, Химия Высокомолекулярных Соединений, 
Радиационная химия и др. 

На рубеже XX-XXI века сформировалась Медицинская химия, истоками 
которой являются Фармакология, Химия природных соединений и Биохимия. 
Более 20-ти лет Медицинская химия развивается и совершенствуется, растет 
число научных журналов, учебников и монографий, в которых 
рассматриваются базовые и узкоспециальные вопросы создания и механизмы 
действия лекарственных препаратов и материалов. В этой связи современное 
химическое образование не может считаться полноценным, если студенты, 
магистранты и аспиранты не получают фундаментальных представлений о 
данной химической дисциплине. 

Основным центром развития Медицинской химии в нашей стране 
является кафедра Медицинской химии химического факультета МГУ             
им. М.В. Ломоносова, которая была создана выдающимся отечественным 
химиком, академиком Н.С. Зефировым. За рубежом аналогичные кафедры и 
лаборатории существуют более 20-ти лет. 

В этой связи значительный интерес для широкого круга студентов, 
аспирантов, научных работников, безусловно, представляет краткое введение в 
Медицинскую химию, написанное авторитетным ученым, проф. факультета 
фармацевтических наук университета Перуджи Бенедетто Наталини              
(Prof. Dr. Benedetto Natalini, Department of Pharmaceutical Sciences, University of 
Perugia, Italy).  

Поскольку подавляющее большинство научных материалов по 
медицинской химии представлено на английском языке, мы предлагаем 
читателю оригинальный текст, что позволяет лучше усвоить терминологию и 
основные положения. Краткое содержание на русском языке (автор                
доц. каф. ОАПХ Раскильдина Г.З.) облегчает усвоение текста. 

Данный материал публикуется в серии «Молекулы и реакции» и будет 
полезен широкому кругу студентов и научно-педагогических работников вузов 
и НИИ. 
 
Научный редактор, зав. каф. ОАПХ, 
проф.          С.С. Злотский 
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INTRODUCTION TO MEDICINAL CHEMISTRY  

Prof. Benedetto Natalini, University of Perugia (Italy) 

Проф. Бенедетто Наталини, университет Перуджи (Италия) 

e-mail: benedetto.natalini@unipg.it  

 

Preface  От Автора 
About 20 years ago we started our 

cooperation with Department of General 
Chemistry of Ufa State Petroleum 
Technological University (USPTU) 
exactly with scientific group of Prof. 
Simon S. Zlotsky. During this period, 
we exchanged visits and lecture courses. 
Young researchers and PhD-students 
from Ufa had internships in our 
laboratory. The results of joint research 
has been published in series of journals 
and presented in scientific conferences. 

In this regard, I was pleased to 
receive an offer to write manuscript 
“Introduction to Medicinal Chemistry” 
for students, PhD-students and, 
professors and pedagogical stuff of 
USPTU. Hope my material, which is 
published by General Chemistry 
Department of USPTU in series 
"Molecules and reactions" will be 
interesting and useful for wide range 
specialists and stimulates the 
development of research in an extremely 
important and promising field of science 
– Medicinal Chemistry. 

Около 20-ти лет назад мы 
начали наше сотрудничество с 
кафедрой общей химии Уфимского 
государственного нефтяного 
технического университета 
(УГНТУ), в частности с научной 
группой проф. С.С. Злотского. 
В течение данного периода мы 
обменивались визитами и 
лекционными курсами. Молодые 
научные сотрудники и аспиранты 
из Уфы проходили стажировки в 
нашей лаборатории. Результаты 
совместных исследований 
опубликованы в ряде научных 
статей и представлены в докладах 
на научных конференциях. 

В этой связи мне было 
приятно получить предложение 
написать введение в медицинскую 
химию для студентов, аспирантов и 
сотрудников УГНТУ. Надеюсь, что 
мой материал, который публикуется 
в издаваемой каф. ОАПХ УГНТУ 
серии «Молекулы и реакции», будет 
интересен и полезен широкому 
кругу специалистов и стимулирует 
развитие исследований в 
чрезвычайно важной и 
перспективной области науки – 
Медицинская химия. 
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Medicinal Chemistry is a multidisciplinary science, interdependent yet 

independent, whose main aim is the study of the chemical, biochemical and 

pharmacological interaction between the drug and the biological system, targeted to 

the discovery of new drugs. It rises from the correct integration among sciences 

contributing to making a unique discipline: organic chemistry, biochemistry, 

pharmacology, molecular biology, analytical chemistry, computational sciences, 

medical sciences. The basis of comprehension in the subject is the knowledge of the 

relationships between the chemistry of a particular compound or set of compounds 

and their interactions with the body, the so-called structure-activity relationships, and 

the mechanism used by the compound for influencing the biological system, which is 

known as its mode of action. These studies aim at improving the beneficial or 

therapeutic effect of a drug, looking at the same time for a reduction of unwanted 

side-effects. A brief history of the medicament development starts from the 

consideration that Nature has been the first source of products able to modify the 

human condition. Since remote times, utilization of local herbs was practised in all 

cultures. Selection was made on the basis of exterior characteristics (colour, shape) or 

evident properties as for poisons or psychoactive plants. Sumerian clay tablets (4000 

BC) report on the use of opium, liquorice and mustard, among others. Babylonians 

(2000 BC) add sena, coriander, garlic, and the use of extracts. First medical text, 

Ebers papyrus (1550 BC), compiled by Egyptian priest-doctors, describes 811 

different decoctions, most of them purgatives to free body from demons. Religion 

and magic are mixed even by Greek doctors, Asklepios sons: they practiced outside 

the temple, with long rituals, diet, baths and sacrifices. Hippocrates (460-377 BC) is 

considered father of modern medicine, imposing it as science and art: ‘primum non 

nocere’. Based on four natural elements, earth-airfire-water, represented by four 

‘humours’, blood-mucus-black bile-yellow bile, ‘health’ depends on the correct 

balancing of them: it is maintained/restored through bleeding, laxatives, emetics, 

diuretics. Aristotle (384-322 BC) begins cataloguing medicinal herb properties, while 

Dioscorides (40-90 AC), Greek doctor serving with the roman army, collects all the 

therapeutic knowledge derived from Egyptian, Middle East, Greek-Roman people in 

a work titled ‘De Materia Medica’, a series of illustrated manuscripts that after their 

printing by Pietro Andrea Mattioli (Venezia, 1544), influence modern botany. First 

Pharmacopoeia is contained in a traditional text of Chinese medicine, Shen Nung Ben 

Ts’ao  that, based on the legend, would be composed in 2737 BC by the mythical 

founder of the Chinese medical science, Emperor Shen Nung. Among the cited 

medicinal plants there is ‘Ma Huang’ which produces ephedrine. From Indian 
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traditional medicine ‘Ayurveda’, we now know rauwolfia species, from which 

reserpine is extracted. Galeno (129-199 AC), Greek doctor in Rome, uses 

experiments on animals in order to develop medical theories, wrong in many points: 

nevertheless, his ‘On the Art of Healing’ remains the reference text for anatomy for 

ca. 1500 years. In the Middle Age, medicine is controlled by Church. Greek and 

Latin texts are employed, hospitals and schools of medicine are established. Avicenna 

(980-1037 AC), Persian doctor, philosopher, mathematician and physicist, is an 

important medical figure, very well known in the Islamic world. His most famous 

works are ‘The Book of Healing’ and ‘The Canon of Medicine’, literary works 

remained undisputed in the study of medicine for more than six centuries. While 

Leonardo da Vinci (1452-1519 AC) produces human body dissections and drawings 

with outstanding anatomical tables, Andrea Vesalio (1514-1564 AC) writes the first 

scientific text of Anatomy, ‘De Humani Corporis Fabrica’: published in 1543, this 

text amends Galeno literary work in many points. Paracelsus (Theophrastus 

Bombastus von Hoenheim, 1493-1541 AC) suggests to employ metals for internal 

use, like Hg, Sb: his statement ‘Only the dose makes different the poison from the 

remedy’ is valid still today. Extraction of vegetable essence starts taking place. 

Thomas Sydenham (1624-1689), which is considered the English Hippocrates, 

determines diseases like plague, gout, smallpox, malaria: he starts using laudanum, 

first form of opium tincture, and an extract of a Peruvian plant (cocaine).  Linnaeus 

(Carolus Linnaeus, 1707-1778) introduces a rigorous plant classification system, the 

binomial nomenclature (1735), by assigning to each plant two Latin names: the first 

refers to genus and the second to species. In 1775 William Withering, doctor in 

Birmingham, starts studying foxglove for treating fluid retention (edema, hydropsy) 

associated to heart failure: he spends ten years trying to standardize harvesting 

methods, preparation and drug administration, but the use has no spreading due to 

dosage problems. In 1780 Carl Gustav Scheele, Swedish pharmacist, starts purifying 

many acids of vegetable origin (tartaric, malic, oxalic, lactic…). Contemporaneously, 

Antoine de Fourcroy begins the chemical analysis of body fluids and vegetable 

products. After French Revolution, the ‘École Superieure de Pharmacie’ is founded 

with the aim of extracting active principles from plants. In 1803 Derosne e Baumé, 

French pharmacists, isolate a crystalline component from opium. In 1805 Friedrich 

Wilhelm Adam Sertürner, German pharmacist, separates morphine from opium, 

provides for its crystallization and describes its pharmacological properties. He is 

considered the discoverer of a new class of natural products, the alkaloids.  
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Treatment and elimination of still unresolved diseases is the main aim of the 

new drugs. Another important target is reduction of sanitary expenditure: reduction of 

complication severity, decrease of hospitalization time, replacement of surgery with 

medication, reduction of work abandonment.  

At the beginning of 1800, synthesis of biologically active products starts 

alongside extraction from natural source, thus granting a remarkable influence and 

importance to organic chemistry. Beside isolation of active principles from 

therapeutic drugs, first syntheses of compounds endowed with pharmacological 

activity are realized, i.e. salicylates, acetanilide, chloral hydrate. Still today, some old 

compounds are of fundamental importance for therapy: curare, foxglove, morphine, 

to cite but a few. Main requirement claimed for employing compound endowed with 

therapeutic activity is only purity.  

At the end of 1800, the experimental biomedical research starts taking place. 

Research activities of L. Pasteur (1822-1895), chemist, biologist and microbiologist, 

and of R. Koch (1843-1910), doctor, bacteriologist and microbiologist, founders of 

modern bacteriology and microbiology, are fundamental. Curiously, the same subject 

was called Microbiology from Pasteur’s followers and Bacteriology from Koch’s 

followers.  

In 1878 P. Ehrlich (1854-1915) shows how the numerous grains present in the 

cell cytoplasm become visible following a reaction with some stains, thus starting the 

development of chemotherapy.   

Medicinal Chemistry starts developing as independent discipline around 1935. 

All therapeutic sectors ask for always better and safer drugs. Principally followed 

strategy in the production of new drugs consists in modifying the structure of 

wellknown bioactive compounds. To the requisite of purity is added the one related 

to safety of use: side effects produced together with the desired therapeutic effect 

start being evaluated. We must then arrive to the tragedy of Talidomide (1960) to add 

one more requirement: safety of use on different animal species and in different 

physiological conditions. Thalidomide, presented as an effective and safe sedative, 

instead reveals its teratogenic effect in women who take it between the fifth and the 

seventh week of gestation: the discovery that only the S enantiomer is teratogenic 

does not guarantee the safety of use since administering the R enantiomer, not 

teratogenic, it racemizes in ca. 10 hours.   

Today, the development of a new drug requires more than 12 years from the 

establishment of the structure to the availability for the practicing clinician. The 

research program consists of the activities of a large number of scientists from 
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different disciplines, and the cost of the entire program is well above 2 billion euro.  

 A drug is characterized by the molecular structure, by the activity on one or 

more biological systems and by the activity in the pharmaceutical form in which it 

has been prepared. Along with the activity of the drug, intended as the product of the 

interaction with specific targets and other molecules, there are other aspects, such as 

therapeutic success, expressed by a sufficient number of drug molecules that bind a 

sufficient number of target molecules, and the therapeutic efficacy of the drug, which 

is given by the stability of the drug-target complex, while its degree of activity 

depends on its concentration in the aqueous medium in contact with the target 

molecules.   

Drug action can be direct or indirect. The action is ‘direct’ when the drug 

interacts directly with its target or receptor, in most cases constituted, as explained 

later, by a portion of protein or enzyme, as physiologically does the neuromediator of 

that transduction system; the action is instead ‘indirect’ when the drug does not 

interact with the receptor but modulates that transduction system through other 

pathways involving the neuromediator of that system, for example, interfering with 

the enzyme responsible for the metabolism of the neuromediator, inhibiting its 

reabsorption system, blocking enzymes responsible for metabolic inactivation, 

favoring release from storage sites or interfering with its biosynthesis.   

To study the drug action, we begin to evaluate a series of chemical-physical 

parameters useful for its preliminary characterization, where among the most 

commonly studied we find: Partition coefficient (log P), Ionization degree, Dipolar 

moment, Redox potential, Surface tension, Intra- and inter-molecular forces (e.g. 

Hbond), Interatomic distances between functional groups, Stereochemistry.  

For many drugs, the first two parameters are of fundamental importance. The 

hydrophilic/hydrophobic balance of a drug is very important for assessing the 

possibility of overcoming biological barriers and reaching the central level or acting 

on a peripheral level. The partition coefficient (P) octanol/water measures the 

distribution of a compound between n-octanol and water. It is calculated, 

experimentally or with predictive methods, from the ratio of the concentration of the 

substance in octanol and in water, and to avoid the calculation with large numbers, its 

logarithm is used. Log P is therefore a measure of the hydrophilic/hydrophobic 

balance of the substance, and in simple terms, allows to evaluate its hydrophobicity. 

With these two liquids, very partially miscible, we want to mimic the process of 

crossing the biological membranes by the substance in question. Considered 

immiscible, n-octanol and water are instead miscible, although very little, but it is this 



10 
 

 
 

characteristic that makes possible the similarity with the biological environment of 

the membrane. In fact, while one liter of water saturated with octanol contains only a 

few milligrams of octanol, one liter of octanol contains as many as 41.4 grams of 

water, thanks to the amphipathic characteristics expressed by the combination of the 

hydrophilic alcoholic function and the lipophilic carbon tail. Since hydrophobicity is 

related to absorption, bioavailability, drug-receptor interaction, metabolism and 

toxicity, log P is a fundamental parameter in many quantitative approaches developed 

in pharmaceutical sciences, but also environmental, biochemical and toxicological. 

To see if there is a relationship between the biological activity and the hydrophobicity 

of a series of analogs, the value of its pharmacological activity, expressed by the 

reciprocal of the concentration of each analogue, against the log P is shown in a 

graph. It has been seen that if the values of log P are between 1 and 4, the relation is 

linear, expressed by the equation:  

  

log (1/C) = k1 log P + k2 

 

For example, the binding of a series of drugs to serum albumin is expressed by 

the equation:  

  

log (1/C) = 0,75 log P + 2,30 

  

Serum albumin binding increases with increasing log P: hydrophobic drugs 

bind serum albumin more strongly than hydrophilic drugs. If the structures include 

higher log P values, the relationship becomes parabolic:  

  

log (1/C) = -k1(log P)2 + k2 log P + k3 

  

Thus a maximum log P value is identified, which indicates the best biological 

activity, with higher or lower values that express a decrease in this activity.  In the 

case of drugs which are weak acids or bases, the level of ionization at a particular pH 

can be determined by the Henderson-Hasselbach equation. Considering the 

dissociation equilibrium of a generic weak acid:  

  

HA ↔ H+ + A- 

  

from the corresponding expression of the dissociation constant:  
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Ka = [H+] [A-] / [HA] 

  

the equation can be easily obtained:  

  

pH = pKa + log [A-] / [HA] 

  

When the concentrations of the dissociated and undissociated form are equal, 

the ratio is equal to 1; since log 1 is equal to zero, pH = pKa. When the pH value 

exceeds by at least two units the value of pKa, the acid is practically completely 

dissociated ([A-] / [HA] = 99/1 ≈ 100), while with a pH value lower than at least two 

units compared to pKa, the acid is practically completely undissociated ([A-] / [HA] 

= 1/99). From a general point of view, only non-charged species can cross biological 

membranes, so that the knowledge of pKa and the pH in which the weak acid is 

found will determine the extent of the undissociated species present and useful for the 

process of crossing the biological barrier. Drug action is based on a sequence of 

chemical events that begins with the entry of the active ingredient into the body, 

continues with the achievement of the target organ where it produces an answer, and 

ends with its biotransformation and excretion. The whole and complex event of this 

action is divided into three phases: the pharmaceutical phase, the pharmacokinetic 

phase and the pharmacodynamic phase.  

  
  

The pharmaceutical phase consists in the disintegration of the administered 

form and dissolution of the active ingredient. It is the timeframe that goes from the 

administration of the medicine in its available formulation, up to the release of the 
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active principle in the systemic circle with the essential objective of realizing the 

pharmaceutical availability of the active ingredient. Dosage forms can be subdivided 

according to their physical nature in liquid, semi-solid and solid formulations. Liquid 

formulations include solutions, suspensions and emulsions. Creams, ointments and 

gels are normally considered semi-solid formulations, while tablets, capsules, and 

also suppositories and pessaries are classified as solid formulations.  

One tablet typically contains only 5-10% of the active substance, the remainder 

consisting of excipients, divided into approx. 80% of binding agents, diluents, 

preservatives, dyes and others, and approx. 10% of substances that facilitate rapid 

disintegration. In cases where it is required that all the active ingredient be readily 

available, it is obvious that the disintegration should take place as quickly, while in 

other cases a slow release of the active ingredient may be necessary, also favored by 

a more suitable formulation.  

The design of the pharmaceutical dosage form is the task of the pharmaceutical 

technologist, however it must be taken into account by the medicinal chemist in the 

development of a new drug. There is no need to have an excellent active ingredient if 

it cannot be formulated in such a way as to have excellent bioavailability as well as 

excellent compliance. Furthermore, an incorrect pharmaceutical dosage form may 

render the product ineffective or even dangerous. Normally drugs are administered 

topically or systemically, with a classification that distinguishes the parenteral or 

enteral pathways. The parenteral routes are those that avoid the gastro-intestinal tract, 

where the most used method is intramuscular injection. Other parenteral routes are 

intravenous injection, subcutaneous injection and transdermal transport systems. 

Nasal sprays and inhalers are also parenteral administration systems. The enteral 

pathway consists of oral, rectal and sublingual administration.  

  

Time interval before the start of the action: 

Intravenous      30-60 seconds  

Inhalation route     2-3 minutes  

Sublingual way     3-5 minutes  

Intramuscular path    10-20 minutes  

Subcutaneously     15-30 minutes  

Rectal route      5-30 minutes  

Oral         30-90 minutes  

Transdermal path    Variable (from minutes to hours) 
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The choice of the administration route depends on the chemical stability of the 

drug, both when it crosses a membrane (absorption), and when it travels to the site of 

action (distribution). It also depends on the initiation and duration of action required 

and designed, from the site on which the drug is to act, from the physical, chemical, 

biological and toxicological properties of the drug. A certain influence on the fate of 

the drug will also have the age, the physical state of the patient and his mental 

condition. For example, a reduced metabolism with age will require a lower dosage 

of the drug to achieve the expected clinical result. In mentally compromised patients 

who require constant pharmacological treatment, overdose or underdosing may be at 

risk. In these cases, a slow-release intramuscular injection given every two to four 

weeks instead of daily administration will be the best form of drug use. Therefore, in 

the development of a drug it must necessarily take into account the subjects for which 

it is intended: an excellent active substance in vitro, inapplicable in vivo, is a waste of 

time and money. Once entered the systemic circulation, the drug is distributed in the 

various districts to then undergo metabolism, excretion, binding with plasma proteins 

or binding to sites of lipid deposition. Consequently, the dose of drug administered is 

higher than that strictly necessary for the therapeutic action. The right dose is that 

which allows to reach and maintain the concentration of active substance necessary to 

produce the desired therapeutic effect for the established time. Too high a dose can 

produce unacceptable side effects, while too low a dose will cause the therapy to fail. 

The range within which the drug is effective is called 'therapeutic window'. Dose and 

route of administration constitute the pharmacological 'regimen' (Fig. 1). The 

pharmacological regimen can vary from a single dose useful to solve a migraine, 

daily doses to treat epilepsy, diabetes, to continuous intravenous infusion for more 

serious diseases. In practice, the pharmacological regimen serves to maintain the 

concentration of the drug necessary for the time required for therapeutic success.  
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Fig. 1  

 

The programming of a correct dosage regimen requires not only the knowledge 

of the biological effect of the active ingredient, but also implies knowledge of its 

pharmacokinetic properties, such as the rate of absorption, distribution, metabolism, 

excretion, and its toxicology. The pharmacokinetic phase is made up of a sequence of 

events, absorption, distribution, metabolism, excretion and toxicological aspects, all 

of which allow the drug to be available for action.  

The term Absorption refers to the passage of the drug from the site of enteral 

administration to the systemic circulation. The most common enteral pathway is the 

oral one. The drug can be absorbed along the entire gastro-intestinal tract, although in 

some areas the process will be easier. To reach the site of action the drug must cross 

one or more biological barriers, and interact with biological fluids and biomolecules. 

A reduction in lipophilic drug activity may be due to one or more of the following 

phenomena:  

 

- Reduced solubility in aqueous phase  

- Plasma protein binding  

- Absorption in lipid deposits  

- Increase in metabolism and subsequent elimination  

  

Absorption of the drug can be assimilated to a process of crossing membranes 

and interstitial spaces. Each cell membrane and each intercellular space can prevent 
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the transportation of the drug to varying degrees. The membranes and the tissue 

barriers can be crossed with different mechanisms mainly linked to the 

chemicalphysical and structural characteristics of the drug. The simplest transport 

mechanism, used by many drugs, is passive diffusion. The molecules move 

spontaneously from an area of high concentration to one of lower concentration with 

a speed that depends on the value of the concentration gradient across the membrane 

(dC). Since passive diffusion is a first-order process, the rate of absorption (dC / dt) is 

directly proportional to the concentration:  

  

- dC/dt = KC 

  

Main parameters to consider for the evaluation of this event are:  

-  membrane area  

-  membrane thickness  

-  partition coefficient between the lipophilic membrane and the aqueous 

   phase from each side of the membrane (drug lipophilia)  

-  diffusion coefficient  

  

It has been seen that approx. 90% of drugs with log P between -2 and +4 are 

well absorbed. The large surface of the small intestine compared to that of the 

stomach is responsible for the greater absorption speed in that region, and the gastric 

emptying time consequently influences the absorption of the drug. The presence in 

the stomach of food or liquids in turn affects gastric emptying and therefore 

absorption. The timing of gastric emptying also depends on the pH, volume, 

constitution of the stomach contents, and the ever-present intestinal microorganisms, 

whereby drugs dissolved in a large volume are more rapidly eliminated from the 

stomach than when they are dissolved in a small volume. Solid foods tend to be 

eliminated slower than liquids, and may take even longer if they contain fats or 

fibers. The absorption of the drug can therefore be strongly influenced by its intake 

before or after the meal. For slow-release formulations, gastric emptying is a factor of 

considerable importance. Even the physical properties of the pharmaceutical 

preparation, such as particle size and crystalline structure, can have a decisive 

influence on the absorption of a particular drug. In general, reducing the particle size 

of a drug promotes the speed and extent of its absorption. Although some drugs are 

well absorbed rectally, the smaller surface (about 0.05 m2 versus 70 m2 of the small 

intestine) of the rectum is less suitable for drug absorption. The rectal circulatory 
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system is equipped with anastomosis that effectively exclude the liver, with the 

consequent advantage of avoiding the hepatic metabolization of the drug. The small 

amount of liquid contained in the rectum (about 5 ml) does not allow an adequate 

dissolution in case of slightly soluble substances, whereby only very water-soluble 

substances or formulations that make the substance very water-soluble can be 

administered in this way. The most common dosage form is suppository, consisting 

of a suspension of the drug in cocoa butter or in a hydrogenated semisynthetic 

derivative thereof, or a glycerin ester with fatty acids. It is essential that the product 

remains solid at room temperature and quickly melts at body temperature of 37 °C. 

The rectal route of administration is often preferred to the oral route in children, in 

patients with emesis, and in cases where there is a strong deactivation of the active 

substance after oral administration.   

Skin is a strong barrier for transdermal absorption. To achieve significant 

systemic concentrations, the drug must penetrate the stratum corneum and the 

epidermis and reach the underlying blood vessels. The composition of the excipients 

is therefore of considerable importance since it can modulate the permeation speed of 

this barrier. Water, normally present in the stratum corneum, is the most commonly 

used substance in formulations since the hydration of this layer favors its 

permeability: large quantities of water in the creams, or the deposit of a thin layer of 

paraffin or wax, ensure this process. Also the use of a surfactant agent can improve 

the penetration of the drug.  

Intranasal administration has been used for many years, particularly for 

stimulants and hallucinogens. More recently, this route has been applied for the 

administration of steroids and peptides that are inactivated or have severe side effects 

upon oral administration. The intranasal preparation should not, of course, hinder 

normal functional activity or be irritating, and due to the limited mucosal surface and 

mixing with fluid secretion, bioavailability is generally very low (1-2% i.v. injection). 

However, for some substances this amount is much higher than that obtainable orally.  

Buccal and sublingual administration allows a systemic absorption avoiding 

the passage of the liver. However, the dose to be administered should be sufficiently 

low (about 10 mg) to avoid swallowing and oral intake. In general, more lipophilicity 

is required than that required for absorption through the mucosa of the 

gastrointestinal tract, thus favoring a rapid start of the therapeutic action.  

Vaginal route is traditionally reserved for the administration of drugs for the 

treatment of local infections in women. As with rectal absorption, medications must 

have good solubility to cross aqueous environments, such as vaginal secretion and the 
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aqueous/lipid membrane. Even this way allows to avoid, to some extent, the hepatic 

passage.  

For some classes of drugs, the route of lung administration is very convenient 

and effective. While lipophilic drugs are absorbed more rapidly than hydrophilic 

drugs, they are also absorbed by a diffusion process inversely proportional to the 

molecular weight. Although many drugs are well absorbed by the lung route, this 

method of administration is essentially reserved for drugs to treat respiratory tract 

disorders. The best transport of the preparation, either aerosol or dry powder, is 

obtained with particles of size around 6 microns: smaller particles can be exhaled 

while larger ones may not reach the deep airways. About 80% of the dose 

administered by this route does not reach the lungs but, held in the mouth and in the 

throat, is then ingested orally. Some drugs are inactive orally due to poor 

bioavailability or strong metabolism, and should therefore be administered only by 

lung.  

Distribution of the drug among the various districts is ensured mainly by the 

systemic circulation and to a lesser extent by the lymphatic circulation. It signals the 

transition from the evaluation of in vitro to in vivo activity. In fact, the distribution of 

the drug must take into account the whole organism, being a complex dynamic 

process by which the substance reaches the tissues from the systemic circle. This 

process is immediate with intravascular administration, followed by absorption after 

oral administration. Distribution is regulated by the rate at which the substance enters 

the circulation and is influenced by the conditions of administration and other factors 

such as blood flow, permeability of the membranes and various biological barriers, 

together with the affinity of the drug for specific tissues. The residence time of the 

substance in each tissue depends on the efficiency of the elimination processes 

(clearance) which, together with the tissue affinity, determines the speed of its return 

to the systemic circulation. The interaction of these factors effectively regulates the 

entry of the substance into the phase of realization of the pharmacological effect. The 

design of compounds in order to optimize receptor efficacy in vivo is one of the main 

challenges for the medicinal chemist.  

By Metabolism we mean the biotransformation of the drug into other 

compounds (metabolites), usually more hydrophilic than the starting compound in 

order to be easily excreted via the urinary tract. It usually occurs in multiple stages 

that produce a sequence of metabolites. Metabolic reactions occur mainly in the liver 

(about 2/3 of the biotransformations), and to a lesser extent in other organs such as 

the gastrointestinal tract, kidney, lungs and other tissues.  
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Liver is one of the most voluminous organs of the human body: it weighs 

approx. 1.5 kg and has a double blood supply. The hepatic artery provides 25% blood 

while the portal vein ensures the remaining 75%. Because the major portion of the 

gastrointestinal blood flows through the portal system, all orally administered drugs 

pass through the liver before reaching the systemic circulation (first-pass effect). 

Through its metabolic activity, the liver therefore has a great influence on the status 

of a drug administered and on the concentration of its metabolites thus determining 

the magnitude of the overall pharmacological effect. Enzymatic systems mainly 

involved in metabolism are found in the endoplasmic reticulum; its physiological role 

is the synthesis of proteins and fatty acids. A large number of essential glycoproteins, 

fatty acids, prostaglandins, cholesterol and bile acids are synthesized and 

biotransformed in the liver. Other enzymes are found in other parts of the hepatocyte, 

also contributing to hepatic metabolism. The metabolic reactions performed in 

general by the enzymes are of two types: to the first type belong the reactions of 

oxidation, reduction and hydrolysis (first phase), while in the second type we find the 

conjugation reactions (second phase). The reactions of the first type are not specific 

to the chemical structure of the drug, while those of phase two are specific for certain 

functional groups and have the aim of increasing the hydrophilicity of the drug in 

order to favor its elimination. Although the gastro-intestinal tract has always been 

considered important only for the process of drug absorption, the complex of its 

microbiome has a metabolic capacity close to that of the liver. The intestinal mucosa 

presents a vast series of enzymes that operate in both phases, and which adapt and 

activate in the presence of xenobiotics as in the liver environment. The hydrolysis of 

esters and conjugation reactions are the most important biotransformations carried 

out by the intestinal wall. The gastro-intestinal tract is normally not sterile, unless it is 

treated with antibiotics, and the intestinal microbiome is able to cope with the 

metabolism of numerous drugs. The absence of intestinal microflora, produced by 

antibiotic treatment, produces morphological changes in the intestine with consequent 

stomach disorders. The intestinal microbiome in adults is normally stable and can be 

influenced by diet and medications. Preliminary metabolism by intestinal microflora 

is rather reduced with well-absorbed drugs, while it can be elevated with substances 

that are poorly absorbed and which therefore remain in the gastro-intestinal tract for a 

long time. Most of the metabolism occurs in the terminal gut resulting in greater 

importance for drugs administered rectally.  

Metabolic biotransformations performed by the intestinal microflora are 

different from the phase one and two reactions seen previously. Intestinal 
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biotransformations generate more lipophilic metabolites, with greater 

pharmacological activity and slower excretion. The main hydrolytic reaction of 

intestinal microflora is the hydrolysis of glucuronide. Many substances excreted in 

the bile as inactive glucuronides are then regenerated and reabsorbed, resulting in 

pharmacological activity, through enterohepatic circulation. Other important 

reactions produced by microflora are reductions, dehydroxylation, decarboxylations, 

dealkylations, dehalogenations, deaminations and aromatizations. The kidney also 

has a large part of the enzymes present in the liver. They are found in the smooth 

endoplasmic reticulum of the proximal tubules where they exert a much lower 

metabolic activity than that of the liver. It has been estimated that glucuronidation in 

the kidney is approx. 3-4% of what happens in the liver.  Lungs are another important 

organ for metabolism: they have the same versatility of the liver but a much lower 

capacity for biotransformation. Inhaled substances suffer a first-pass metabolism in 

the lungs. Important is also the metabolism of endogenous substances that reach the 

lungs through the pulmonary circulation, with the consequent possible deactivation or 

activation of the substance.   

All tissues in the body contain practically enzymes for metabolic activity, 

although their influence on the overall metabolism is very low. Skin, the largest organ 

in the human body, contains important enzymes in the epidermis such as oxidases, 

reductases and esterases, although its primary task is to constitute a lipophilic barrier 

against hydrophilic substances. The blood-brain barrier is also a protective barrier, 

although it also contains enzymes for reactions of both phases.  

Blood is an important source of esterase activity, in some cases faster than in 

the liver. Excretion is the process by which unwanted substances are eliminated from 

the body. The main route of drug elimination and their metabolites is urinary, but a 

number of drugs and their metabolites are excreted in the faeces. Other minor 

elimination pathways are breath and sweat.  

The urinary route consists of renal excretion through glomerular filtration, 

where the molecules are selected according to the electrical charge and size. 

Molecules in solution with low molecular weight are thus filtered, while plasma 

proteins are not normally filtered. Drugs and their metabolites are excreted by 

glomerular filtration, while the proportion of plasma protein-related drug cannot be 

filtered and therefore cannot be eliminated by this mechanism. Tubular secretion is 

the other renal elimination process. It consists of an active mechanism in which the 

involved transport systems are able to distinguish the anionic and cationic 

compounds. At the tubular level active and passive reabsorption processes also 
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operate, thus contributing to the continuous modification of the volume and 

composition of the initial glomerular filtrate. In addition to water and endogenous 

compounds, drugs can also be reabsorbed. As previously stated, lipophilic and non-

ionized drugs can be reabsorbed by passive diffusion. Moreover, the dissociation of 

drugs with weak acid or base characteristics is controlled by pH: it follows that an 

acidification of the urine favors the excretion of drugs with basic characteristics, 

while alkalization favors the elimination of those with acidic characteristics.   

The pharmacodynamic phase is represented by the interaction of the drug 

with its site of action. This interaction must perform a function, which may consist in 

the strengthening or blocking of a physiological activity. In most cases, drugs act 

with a direct mechanism, through the interaction with a biological target called 

'Receptor' that can be found on the surface of the plasma membrane or located inside 

the cell (nuclear receptor). The main receptors are protein portions, endowed with 

transmembrane channels permeable to ion (ionotropic) or transmembrane 

(metabotropic), bound to membrane proteins, equipped with seven transmembrane 

hydrophobic domains, which transduce the signal through the activation of an 

intracellular protein able to bind guanine (G protein). Then there are catalytic 

receptors coupled to a single domain that crosses the membrane (kinase type), 

coupled receptors to enzymes, and finally nuclear receptors, located inside the 

cytoplasm or on the surface of the nucleus, and activated by steroid hormones, 

thyroid hormones , retinoic acid, vitamin D. As a rule, the drug/receptor interaction is 

highly stereoselective: the receptor interacts only with one of the many possible 

conformations that a drug can take, hence called PHARMACOPHORIC 

conformation. The PHARMACOPHORIC conformation is not necessarily the most 

stable, but it can become with an appropriate energy gain in the formation of the 

DRUG/RECEPTOR complex. The drug/receptor interaction is characterized by the 

type of binding that is achieved. Binding is reversible when the interaction is 

mediated by weak chemical bonds, such as hydrogen bonding, van der Waals, dipolar 

interactions, while it is irreversible when the drug covalently binds to the receptor, for 

example by electrophilic or radical reactions.   

Strengthening or blocking of a physiological activity allows us to define the 

agonist or antagonistic action of a structure. The term agonist defines a structure 

endowed with both affinity, ability to bind to a receptor, and intrinsic activity or 

efficacy, i.e. the ability to induce a biological response. The term competitive 

antagonist defines instead a substance with affinity but not intrinsic activity, while 

non-competitive antagonist defines a substance that does not interact with the 
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receptor site responsible for the function but with another area of the receptor 

complex, an allosteric site, causing a conformational variation of the receptor site, or 

an extended superficial occupation (umbrella effect), such as to prevent the action of 

the agonist (Fig.2).  

Other modes of interaction can determine reverse agonism when the substance 

is endowed with affinity but with an efficacy in the opposite direction to that of the 

reference agonist, and partial agonism, when the substance is endowed with affinity 

but with an efficacy lower than 100%.  

 
Fig. 2  

  

In order to rationalize the drug/receptor interaction, various theories have been 

proposed. The initial model, proposed by Ehrlich at the end of the 19th century, was 

of the static type, receptor = lock, drug = key, considering that an active ingredient 
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has a biological effect only if there is one of its partners at the action site capable of 

giving rise to a molecular reaction. In 1926 Clark, with the Occupational Theory, 

believes that biological activity is proportional to the number of receptors occupied 

by the drug. This theory would be valid only if the biological effect was 

dosedependent: today we know that dependence is linear only for a short tract of the 

dose-response curve. Furthermore, it does not give information about the type of 

activity, not explaining the antagonist or partial agonist activity. In 1954, Aäriens 

modified the occupational theory by introducing the concepts of affinity and intrinsic 

activity: biological activity derives from the product between the intrinsic activity and 

the number of occupied receptors. Subsequently, Paton in 1961 exposes his theory of 

speed: the biological activity is proportional to the speed with which the drug 

interacts with the receptor. Unlike the other theories based on concepts of 

thermodynamic equilibrium in the realization of the drug/receptor interaction, Paton 

describes a kinetic control event, where the formation of a stable drug/receptor 

complex is not required for the initiation of biological action. Finally, in 1964 Belleau 

presents the theory of macromolecular perturbation: biological activity derives from a 

reversible perturbation of the tertiary structure of the protein, induced by a mutual 

adaptation of the receptor and of the drug. In practice, the drug-receptor interaction 

generates two types of conformational variation: a specific conformational 

perturbation, which generates the biological effect (agonist), and a non-specific 

conformational perturbation, which produces no biological effect (antagonist). If the 

drug contributes to both macromolecular perturbations, a mixture of the two 

complexes (partial agonist) will be obtained. Other interaction models provide that 

receptor activation occurs in two or three stages, where the receptor exists in 

equilibrium between one or more active stages and a resting stage, and modulation of 

this equilibrium induced by the drug determines the type of interaction with the 

consequent biological result.   

Following the drug administration, the produced biological effect can be 

followed. By reporting the dose or concentration of the drug against the produced 

effect (% response) in a graph, a hyperbolic function is obtained from which it is 

difficult to extract useful information (Fig. 3).  
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Fig. 3  

  

Instead, by reporting the effect produced against the log of the dose or 

concentration administered, a sigmoid curve is obtained from which the quantitative 

information is more easily extracted (Fig. 4).  

  

 
  

Fig. 4  

  

Through these curves qualitatively and quantitatively determines the potency 

and efficacy of a drug. The power is inversely related to the dose required to obtain a 

given response, while the efficacy is the ability of the drug to reach the maximum 
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effect. The power of drugs can be compared with EC50: the lower the EC50 value, the 

more powerful the drug is. Let's now look at some curves referring to the behavior of 

agonists, competitive and non-competitive antagonists and partial agonists.  

The drugs A, B and C of Fig. 5 have the same affinity and different intrinsic 

activity or efficacy. The same affinity is evidenced by the same dose range, while the 

different efficacy is evidenced by the fact that only A reaches the maximum effect 

(100%): the other two, not reaching the maximum effect, are partial agonists.  

 
  

Fig. 5  

  

The drugs X, Y, and Z of Fig. 6 have the same efficacy while they differ for 

affinity, with a ratio of 100: 10: 1. In other words, while reaching the maximum 

effect of all three (100%), X is more powerful than Y, which is more powerful than 

Z.  
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Fig. 6  

  

In Fig. 7, the difference between efficacy and potency is clearly highlighted. 

While the decreasing order of power is X> Y> Z, the scale of efficacy is X = Z> Y.  

  

 
Fig. 7  

 

In Fig. 8, the case is shown in which a competitive antagonist is added to the 

agonist A. The addition, also shown by the upper arrow, produces the curves to the 

right of A: the result is a decrease in the power of A.  
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Fig. 8  

 

In Fig. 9, a non-competitive antagonist is added to the agonist A: the result is a 

decrease in the efficacy of A.  

 
Fig. 9  

 

The modulation of the activity of a molecule can be achieved by replacing one 

or more atoms, a modality called bioisosteric substitution or bioisosterism. The 

evolution of bioisosterism originates from the concept of isosterism, enunciated by 
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Langmuir in 1919 as an expression of his interest in the chemical-physical similitude 

of molecules. Subsequently, Friedman in 1951, recognizing the usefulness of the 

concept of isosterism in the design of bioactive molecules, proposed to call 

bioisosters those substances endowed with the same biological activity. Today, this 

concept has been further extended, designating as bioisosters those compounds that 

have affinity for the same site. Thus, classical and non-classical bioisosters were 

classified as exemplified in the following table.  

Classic bioisosters  

atoms and monovalent groups:    -Cl, -F, -Br, -I, -XHn, where X = C, N, O, S 

atoms and divalent groups:     R-O-R', R-NH-R', R-CH2-R', R-Si-R'  

atoms and trivalent groups:     R-N = R ', R-CH = R'  

atoms and tetrasubstituted groups:   =C=, =N=, =P=  

cyclic equivalents:      -CH = CH-, -S-, -O-, -NH-, -CH2-  

  

Non-classical bioisosters  

interchangeable groups:      Ph ≡ Thienyl, OH ≡ OTMS, H ≡ F  

open models and closed models:   n-hexyl ≡ cyclohexyl  

  

Drug safety can be expressed through the Therapeutic Index (TI). It is 

calculated, using laboratory animals, from the ratio of the dose of a drug that is lethal 

in 50% of the treated subjects and the dose of the same drug that is effective in 50% 

of the treated subjects.  

TI =  DL50 / DE50 

  

A large therapeutic index indicates that a drug is relatively safe (Fig 10), while 

a small TI indicates that a drug is relatively insecure (Fig. 11): from the figure, it is 

easily deduced that undesired side effects are already present at the maximum 

therapeutic effect.  
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Fig. 10 

 

  

 
Fig. 11  

  

With TI, the relative drug safety is evaluated:  

TI Cannabis = 1000  

TI Ethyl alcohol = 10  

 

TI does not give us any information on chronic use: it is known that the abuse 

of ethyl alcohol causes negative effects much more than Cannabis. Furthermore, it 

also depends on the treated animal species. If dose-mortality and dose-response 
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curves do not have a parallel pattern, the TI obtained as above induces incorrect 

conclusions. In this case, a more reliable value is derived from:  

      

TI =  DL25 / DE75 

 

Therapeutic index does not represent the evaluation of a drug from the 

viewpoint of efficacy and/or tolerability but indicates only the proximity or not of the 

toxic dose with respect to the therapeutic one.  

Drugs with a low therapeutic index (e.g. antiepileptics, theophylline, 

aminoglycosides, anticancer drugs, warfarin) should be monitored (Fig. 11). 

Monitoring can be performed directly, i.e. by taking blood samples and determining 

the amount of drug present, or indirectly through laboratory parameters, for example 

for warfarin or other anticoagulants, by measuring the blood clotting time. Based on 

the obtained results, the dose to be administered is then adjusted.  

 

Selected Bibliography  

Thomas, G. Medicinal Chemistry – An Introduction, (2nd ed.) / G. Thomas. J. Wiley 

& Sons, Ltd., Chichester (UK), 2007.   

  

Lemke, T.L. Foye’s Principi di Chimica Farmaceutica (V ed.) / T.L. Lemke,           

D.A. Williams. ‒ Piccin, Padova, 2010.  

 

Brody, T.M. Human Pharmacology: Molecular To Clinical, (4th ed.) / T.M. Brody. 

Mosby, St. Louis, Missouri (USA), 2005.  

 

 



30 
 

 
 

ВВЕДЕНИЕ В МЕДИЦИНСКУЮ ХИМИЮ (Краткое содержание) 

Бенедетто Наталини, проф. университета Перуджи (Италия) 

Медицинская химия является междисциплинарной наукой, направленной 

на разработку и создание новых лекарств. В цели медицинской химии входит 

изучение химического, биохимического и фармакологического взаимодействия 

между препаратом и биологической системой.  

В основах данного раздела химии и биологии лежит изучение 

метаболизма биологически активных соединений на молекулярном уровне и 

создание зависимости «структура ‒ активность».  

Природа была первым источником продуктов, способных изменять 

состояние человека. С древнейших времен в качестве лекарственных 

препаратов использовали в основном растительное или животное сырье 

(классическим примером является кора хинного дерева – эффективное средство 

против малярии). Однако в средние века получила свое развитие идея 

применения химических средств для лечения болезней. Сформулировали этот 

подход алхимики, использовавшие производные ртути, мышьяка, сурьмы, 

меди, цинка и др. в медицинских целях, хотя препараты такого рода, 

принимаемые в неподходящих дозах, часто оказывались более опасными, чем 

сама болезнь. 

Лечение и устранение плохо излечимых болезней является основной 

целью новых лекарств. Еще одна важная задача ‒ сокращение санитарных 

расходов: снижение тяжести осложнений, сокращение времени 

госпитализации, замена хирургии лечением, восстановление 

нетрудоспособности. 

Медицинская химия, как независимая дисциплина, начала свое развитие в 

1930-1940 годы. На начальном этапе ее стратегия заключалась в модификации 

структуры известных биологически активных соединений с целью повышения 

их активности.   

Как правило, препараты характеризуются молекулярной структурой, 

лекарственной формой и биологической активностью в одной или нескольких 

системах. Наряду с направленностью действия вещества (взаимодействие с 

конкретными мишенями и другими молекулами), существуют такие аспекты, 

как терапевтический успех (минимально требуемое количество молекул 

препарата), и терапевтический эффект средства ‒ определяется стабильностью 

комплекса лекарство ‒ молекула ‒ мишень.  



31 
 

 
 

Для многих лекарств эти параметры имеют фундаментальное значение. 

Гидрофильный / гидрофобный баланс препарата очень важен для оценки 

возможности преодоления биологических барьеров и достижения центрального 

или периферийного уровней.  

Действие лекарственного препарата основано на последовательности 

химических стадий, которая начинается с введения активного ингредиента в 

организм, продолжается с достижением целевого органа и заканчивается его 

биотрансформацией и удалением. Полный комплексный процесс этого 

действия делится на три фазы: фармацевтическая, фармакокинетическая и 

фармакодинамическая. 

Фармацевтическая фаза состоит в распаде вводимой формы и 

растворении активного ингредиента. Одна таблетка обычно содержит только до 

10% активного вещества, остальные − связующие вещества, разбавители, 

консерванты, красители и др. (80%) и соединения, которые способствуют 

быстрой дезинтеграции (10%).  

Дизайн фармацевтической лекарственной формы является задачей 

фармацевтического технолога, однако он должен быть принят во внимание 

лекарственным химиком при разработке нового препарата. Нет необходимости 

иметь превосходный активный ингредиент, если он не может быть изготовлен 

таким образом, чтобы иметь отличную биодоступность и совместимость с 

другими препаратами.  

Выбор пути введения препарата зависит от химической стабильности 

лекарства, как при пересечении мембраны (абсорбции), так и при перемещении 

к месту действия (распределение), от продолжительности его действия ‒ 

физического, химического, биологического и токсикологического, а также от 

дозы препарата. Правильная доза лекарства − это доза, которая позволяет 

достигать и поддерживать концентрацию активного вещества, необходимого 

для достижения желаемого терапевтического эффекта в течение 

установленного времени.  

Снижение активности липофильного лекарственного средства может 

быть связано с одним или несколькими из следующих явлений: сниженная 

растворимость в водной фазе, связывание белков плазмы, поглощение в 

липидных отложениях, увеличение метаболизма и последующая элиминация. 

Выделяют следующие способы введения лекарственных препаратов: 

интраназальный (применялось в течение многих лет, особенно для 
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стимуляторов и галлюциногенов), буккальный и сублингвальный (позволяет 

системное поглощение, избегая прохождения печени, но с дозой не более            

10 мг), вагинальный (традиционно предназначен для лечения местных 

инфекций). 

Распределение препарата должно учитывать весь организм, являясь 

сложным динамическим процессом, посредством которого вещество достигает 

тканей из системного круга. Этот процесс связан с внутрисосудистым 

введением с последующей абсорбцией после перорального введения. 

Распределение регулируется скоростью, с которой вещество входит в кровоток, 

и на него влияют условия введения и другие факторы (кровоток, проницаемость 

мембран и различные биологические барьеры вместе с аффинностью препарата 

к конкретным тканям).  

Фармакодинамическое действие – это усиление или блокирование 

физиологической активности препарата. В большинстве случаев лекарства 

взаимодействуют с биологической мишенью – рецептором. Как правило, 

взаимодействие лекарство ‒ рецептор является стереоселективным.  

Для рационализации взаимодействия лекарство ‒ рецептор были 

предложены различные теории: специфическое конформационное возмущение, 

которое генерирует биологический эффект (агонист) и неспецифическое 

конформационное возмущение, которое не приводит к биологическому 

эффекту (антагонисту).  

После введения лекарственного средства может быть получен 

биологический эффект. Безопасность лекарств может быть выражена через 

терапевтический индекс (ТИ), который рассчитывается с использованием 

лабораторных животных из соотношения дозы лекарственного средства. 

Большой ТИ имеют относительно безопасные лекарства, в то время как низкие 

значения ТИ указывают на то, что лекарственное средство весьма небезопасно. 

Мониторинг (контроль препарата) может выполняться напрямую, то есть путем 

отбора образцов крови и определения количества присутствующего 

лекарственного средства, или косвенно через лабораторные параметры, 

например для варфарина или других антикоагулянтов, путем измерения 

времени свертывания крови. На основании полученных результатов 

корректируется вводимая доза. 
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