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Abstract: Pharmacokinetics means the actual study of various processes of drug like absorption, distribution, Metabolism and 

excretion. Understanding the pharmacokinetic properties of drug is crucial for the better drug development and medication 

therapy. In this review we will see in detail about the recent trends in pharmacokinetics and mainly in drug metabolism like 

determination of PK, interaction of drug with other drug and herbs and some mathematical modelings. 

 

I.Introduction:  

Pharmacokinetics (PK) is termed as the quantitative study of drug absorption, distribution, metabolism, and excretion 

(ADME)i.e., the ways the body processes a drug while the drug shows its actions in the body. The severity of response 

is related to concentration of the drug at the site of action, which is dependent on its pharmacokinetic properties. 

Pharmacokinetic considerations, therefore, determine the route(s) of administration, dose, latency of onset, time of 

peak action, duration of action and frequency of administration of drug. Drug-metabolizing enzymes and transporters 

play a crucial role in the control of PK. Biotransformation (metabolism) means chemical alteration of drug in body. 

It's needed to render nonpolar (lipid soluble) compounds polar (lipid insoluble) so that they are not reabsorbed in 

rental tubules and are excreted. 

The review will provide a comprehensive overview of recent developments in the areas of PK research. 

Here are some points about which we will see in brief: 

1) Determination of PK 

2) Current status and trends in assessing drug-drug interactions, especially interactions between drugs and herbs 

3) Advances in understanding the effects of diseases on PK, particularly changes in metabolizing enzymes and transporters with 

disease progression 

4) Trends in mathematical modeling including physiologically based PK modeling and novel animal models such as 

CRISPR/Cas9  

Pharmacokinetics: 

Pharmacokinetics (PK) is the study of the absorption, distribution, metabolism, and excretion (ADME) processes of a drug. 

Understanding PK properties are necessary the drug development and accurate medication. 

 Absorption: Is movement of drug from its site of administration into the circulation. Route of administration affects 

absorption of drug because each route has its own peculiarities. Absorption surface area is larger in the small intestine due to 

presence of villi. Systemic absorption after topical application depends on lipid solubility of drugs. Larger molecules are 

absorbed through lymphatics. 
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 Distribution: Once a drug has gained access to blood stream, it gets distributed to other tissues that initially had no drug, 

concentration gradient being in direction of plasma to tissues. It’s not only a matter of dilution, but also binding and 

sequestration. For optimum therapeutic use of any drug, it is essential to Know its fate in the body after administration and to 

characterize its disposition. For that purpose, there are two different approaches: the compartmental pharmacokinetics and the 

noncompartmental pharmacokinetics. A compartment in pharmacokinetics relate a closed homogeneous space for the transport 

processes of a drug. Noncompartmental PK narrate transports of drug molecules without the definition of compartments. 

 

 Metabolism: The primary site of drug metabolism is liver; other are- kidney, intestine, lungs and plasma. Metabolism is 

chemical alteration of drug in the body and also known as biotransformation. This may lead to conversion of active metabolite 

from an active drug and sometimes the activation of inactive drug. This is further classified into two classes as phase-I reaction 

and Phase-II reaction. Phase-I involves oxidation, reduction, hydrolysis, cyclization, decyclization reaction. While Phase-II 

involves reactions like glucuronide conjugation, acetylation, methylation, sulfate conjugation, glycine conjugation, glutathione 

conjugation, ribonucleoside synthesis. 

 

 Excretion: Excretion is passage out of systemically absorbed drug. Excretion occurs through urine, faeces, exhaled air, saliva 

and sweat, and milk. Kidney is mainly responsible for excreting all the water soluble substances and glomerular filtration of 

drug depends on plasma protein binding and renal blood flow. Tubular reabsorption principle is used for facilitating elimination 

of drug in poisoning. The rate of elimination of drug from body is directly proportional to drug concentration. 

 

II.Drug Metabolism: 

Small-molecule of drugs are generally xenobiotics (i.e., molecules which are foreign material to man’s normal biochemistry), 

although there are noticing exceptions (e.g., some natural steroids and hormones, which are used as drugs). Ideally, a drug 

should reach its pharmacological target and be eliminated once its effect is no longer required. Some drugs are eliminated from 

the human body intact (without any structural changes due to the metabolism); however, most drugs need to be rendered water 

soluble through chemical modification to facilitate their excretion in the urine or through bile. These all modification processes 

are called as the drug metabolism. Metabolism normally results in the termination of the drug’s intended action, although, in 

some cases, the metabolites may also be pharmacologically active. 

This is further classified into: 

1) Phase-I Reaction: 

a) Oxidation: 

 

A functional group (-OH, -COOH, -CHO, -NH2, -SH) is generated or exposed-metabolite may be active or inactive. Oxidative 

reaction are common transformation of this phase which involves Cytochrome P450 (CYP) enzymes. Oxidative reaction are 

mainly carried out by group of monooxygenease in endoplasmic reticulum of liver and other tissues. CYPs are responsible for 

metabolism of most of the clinically used drugs and also the activation of chemical carcinogens and toxins. 

 

The main CYP isoforms responsible for the metabolism of xenobiotics are CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, 

CYP2C19, CYP2D6, CYP2E1, CYP3A4, and CYP3A5.The main oxidative enzymes other than CYPs included in the 

metabolism of drugs and other xenobiotics are the Flavin-containing mono-oxygenases (FMOs), the molybdenum hydroxylases 

[aldehyde oxidase (AO) and xanthine oxidase (XO)], prostaglandin synthase (PGHS), the lipoxygenases (Los), the amine 

oxidases [monoamine oxidase (MAO), polyamine oxidase (PAO), Diamine oxidase (DAO), and semicarbazide-sensitive 

Amine ooxidas-Sssao]. 

 

b) Reduction: 

 

This reaction is converse of Oxidation and involves Cytochrome P450 enzymes working in opposite direction. Aldehydes, 

alcohols, quinones are reduced. Many of the products of oxidative metabolism are substrates for reductive reactions. This can 

result in redox cycling, with the balance of cofactors and oxygen concentrations ultimately deciding the position of the 

equilibrium (Kappus et al., 1986). 
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c) Hydrolysis: 

 

This is a breakdown of drug molecule by taking up a molecule of water. It occurs in liver, intestine, plasma and tissues. Two 

forms of epoxide hydrolase carry out hydrolysis of epoxides, which are organic three-membered oxygen compounds arising 

from the oxidative metabolism of xenobiotic and endogenous compounds via chemical and enzymatic oxidation by Cytochrome 

P450 (Fretland and Omiecinski, 2000). Epoxides are highly reactive electrophiles that can bind to cellular nucleophiles found 

in protein, RNA, and DNA, leads in cell toxicity and transformation. Examples of hydrolysed drugs are choline eaters, procaine, 

lidocaine, procainamide, aspirin, oxytocin, pethidine. 

 

2) Phase-II Reaction: 

 

a) Glucuronide Conjugation: 

These reactions involves mainly conjugation of drug or Phase-I metabolite with an endogenous substrate, usually derived from 

carbohydrate or amino acid, to form polar highly ionized organic acid, which can be easily excreted in the urine. There are four 

types of glucuronides (O-glucuronide, N- glucuronide, S-glucuronide, and C-glucuronide). Functional groups known to be 

conjugated include alcoholic and phenolic hydroxyl groups, amines, carboxyl, sulfhydryl, and carbonyl moieties (e.g., alpha, 

beta- unsaturated ketone). There are 19 human  that encode the UGT proteins divided into three subfamilies of UGTs in humans: 

UGT1A, 2B, and 2A. The tissue distribution of UGT isoforms is similar to that of CYPs. 

 

b) Sulfate Conjugation: 

The phenolic compounds and steroids are sulfated by Sulfotransferases (SULTs). In humans, 12 SULT enzymes have been 

identified and classified into the SULT1, SULT2, and SULT4 families (Lindsay et al., 2008). 

 

c) Acetylation: 

The cytosolic N-acetyltransferases (NATs) catalyze the transfer of an acetyl group from acetyl CoA to the terminal nitrogen of 

the aromatic amine or hydrazine group. Two polymorphic isoforms (NAT1 and NAT2) have been described in humans 

(Boukouvala and Fakis, 2005). Both the enzymes are capable of N-acetylation, O-acetylation, and N, O-acetylation (Brockton 

et al., 2001). 

 

d) Methylation: 

Amines and phenols can be methylated by methyl transferases (MT). The methyl groups are transferred to a sulfur-nucleophile 

or nitrogennucleophile or oxygen-nucleophile (Strolin Benedetti Et al., 2007). 

III.Trends: 

1) Determination of PK: 

Drug-metabolizing enzymes and transporters play a very important role in the control of PK. Transcriptional and post-

transcriptional factors likely nuclear receptors and non-coding RNAs (ncRNAs) are critical in the modulation of PK and give 

in-depth insight into understanding of regulatory mechanisms to solve problems in PK. Most drugs are metabolized by CYPs, 

which mainly are present in the inner membrane of mitochondria or the endoplasmic reticulum (ER). There are a total of 57 

human Cytochrome P450 genes in total 18 families. The members of CYP1 to CYP4 families oxidize thousands of exogenous 

and endogenous substrates whereas all the members of CYP5 family and higher principally metabolize endogenous substrates 

in a highly substrate-specific . 

Most known chemical carcinogens, including aromatic amines and polycyclic aromatic hydrocarbons, are substrates of CYP1 

family, and their metabolism often results in the development of active carcinogenic metabolites. Understanding variation in 

mechanism-based enzyme activity is vital for improving the clinical use of drugs. Highly selective inducers and inhibitors of 

CYPs have been mentioned in Guidance for industry by FDA. 

As per the recent studies have showed new chemicals and herb products as inducers or inhibitors of CYPs. For example, 

CYP7A1 is upregulated by an intestinal HIF-2a inhibitor called PT238517. The ketene intermediate of erlotinib can inactivate 

CYP3A4 and CYP3A5, which can result in liver injury. Due to the complexity of components in the extract of herbs it is 

common that Herb products show different effects on the regulation of multiple enzymes. Sophora flavescens can inhibit 

CYP2B6, CYP2C9, and CYP2C8, CYP3A activities, while catalpol can inhibit the activity of CYP3A4, CYP2E1 and CYP2C9. 

The contribution of non-P450 enzymes to drug metabolism can be significant and affect the overall development of drugs. 

Non-CYP enzymes can be divided into 4 general categories: as oxidative, reductive, conjugative, and hydrolytic. Non-CYP 

oxidative enzymes include flavin-containing monooxygenases (FMOs), monoamine oxidases (MAOs), peroxidases, aldehyde 
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oxidase (AO), xanthine oxidases (XO), alcohol dehydrogenase (ADHs) and aldehyde dehydrogenase (ALDHs). 

2) Drug-drug Interactions:  

a. Current status of research on drug-drug interactions: 

DDIs may result in favorable or toxic effects. Patients may frequently use more than one medication at a time. Depending on 

the clinical settings and the number of the drugs prescribed, the incidence of potential DDIs ranges between 15% and 80%.DDIs 

can be classified into 3 major types depending on their mechanism: physico-chemical incompatibility, PK interactions, and 

pharmacodynamic interactions. 

Pharmacokinetics-based DDIs, identified by altered concentration of unbound drugs that exert pharmacological effects, can be 

caused by several mechanisms, including: 

• Alteration of drug metabolizing enzymes (eg. CYPs) 

• Alteration of transporters involved in the absorption, distribution and excretion of drugs(MDR1, OAT,OCT, etc) 

• Influence on plasma protein binding affinity149, 

• Changes in the function of organs (e.g., gut motility or Stomach content pH) 

In-vitro, in-vivo and clinical studies are usually conducted to identify any potential DDIs. The in vitro studies are usually simple 

systems that can be used for high throughput screening and provide mechanistic information for potential DDIs. In-vivo animal 

studies are frequently conducted using clinically relevant dosages and pharmacodynamic endpoints to confirm the in-vitro 

observations. If evidence are obtained from in-vitro and in-vivo animal models suggests strong DDIs potential further clinical 

trials are recommended. 

Despite DDIs between small molecule drugs have been well investigated and documented, knowledge on interactions between 

drugs and herbs, interactions between therapeutic biologics, and interactions mediated by the gut microbiome are still not well 

understood. 

b. Current status of research on herb-drug interaction: 

Herbal plants and herbal products are commonly used as remedies and dietary supplements. When herbs are concurrently 

administered with drugs unrecognized herbedrug interactions (HDIs) may lead to side effects and toxicity. HDIs basically 

shows the same mechanisms as of DDIs. To avoid physicochemical interactions between herbal components and drugs, it is 

usually recommended that herbs should be taken at two hours before or after the drugs. 

Pharmacokinetics and pharmacodynamic interactions have been reported between herbs and drugs with narrow therapeutic 

indexes, especially drugs for CNS and cardiovascular diseases. A traditional Chinese herb Danshen (Salvia miltiorrhiza) was 

to interact with Warfarin on both of its kinetic profiles and pharmacodynamic effects, resulting in over-anticoagulation and 

increased risk of bleeding. 

Many of the reported HDIs are based on in-vitro and in-vivo animal models, providing evidence with low clinical relevance. 

Moreover, many clinical Studies were conducted among healthy populations, where the impact of the herbs on the 

pharmacodynamics effects of the concurrent drug may not be determined. On the other hand, the wide variation between 

different batches of herbal products also cause to poor reproducibility of the tests. Moreover to experimental approaches based 

on the pre- clinical and clinical data, mathematical models have been developed to predict HDIs, demonstrating the feasibility 

of using PBPK modeling for the prediction of HDI. 

3) Disease drug interaction: 

Understanding disease drug interactions is clinically important due to the risk of treatment failure and the incidence of adverse 

Reactions. Differences between different species should be also taken into account. In the past few years PBPK (Physiologically 

based pharmacokinetic modelling) modeling has gradually been applied to the prediction of disease drug interactions. 

a) Effects of diabetes on the drug metabolism: 

Diabetes mellitus, commonly called to as diabetes, is a group of metabolic disorders in which there are high blood sugar levels 

for prolonged period. Alterations in function and expression of ABC transporters at the blood brain barrier have been observed 

in it. 

In the brain cortex, (streptozotocin) STZ-induced diabetes mellitus may develop an impairment of function and expression of 

BCRP. The uptake of prazosin and cimetidine, two typical substrates of BCRP(breast cancer resistance protein), was 

significantly increased in diabetic rats compared to uptake in non-diabetic rats. 
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b) The Effects of liver disease on drug metabolism: 

The effect of liver disease on drug metabolism is basically due to the alteration of liver hemodynamics and activity of liver 

microsomal enzymes. Local and systemic liver injuries have a major effect on the expression and activity of DMEs(drug 

metabolizing enzymes) in the liver. 

Fatty liver disease, also termed as hepatic steatosis, is a condition where excess fat builds up in the liver. Past research showed 

that valproic acid with a high-fat diet-induced fatty liver could upregulate UGTs and was accompanied by the increased 

expression of CAR and PPARa (peroxisome proliferator activated receptor- alpha). Further analysis revealed that liver disease 

in warfarin users was related with a increase in the likelihood of hemorrhage. 

c) The effects of renal diseases on drug metabolism: 

Evaluation of drug metabolism in patients with the end-stage renal disease is important because these patients use a very large 

number of medications and are at risk of adverse reactions and drug drug interactions. Some previous studies found that end-

stage renal disease patients had a 50% increase in the plasma warfarin S/R ratio relative to control subjects. This may be 

reflective of a selective decrease in hepatic CYP3A and CYP2C9 enzyme activity in renal failure. 

In addition, a recent study investigate failure effects of adenine-induced chronic kidney disease (CKD) in rats on the activities 

of some XMEs in liver and kidneys. It was found that the plasma theophylline concentration was increased in rats with CKD. 

d) The effects of heart failure on drug metabolism: 

Heart failure (HF) is an epidemic disease in the modern world affecting approximately 1% to 2% of the adult population. 

Numerous CYP enzymes have been identified in the heart and their levels have been reported to be altered during HF. There 

is a great deal of contrast between various reports on CYP alterations during Heart failure is likely due to differences in disease 

severity, the species in question and other underlying conditions. 

In general, cardiac CYP1B and CYP2A, CYP2B, CYP2J, CYP4A and CYP11 etc levels and related enzyme activities are 

usually increased in HF. 

 

4) Mathematical Modeling: 

Mathematical modeling aids at predicting drug release rates, and thus helping researchers to develop highly effective drug 

formulations and more precise dosing regimens saving time and money. The application of mathematical modeling to problems 

in Pharmacokinetic has a rich history in the form of pharmacokinetic modeling to know how simulation can be used to improve 

our understanding of common issues not addressed in human pharmacology. Pharmacokinetic models are mathematical device 

that can be applied as clinical support tools to suggest personalized, optimal drug dosages to reach desired targets. 

1. Physiological based Pharmacokinetic modeling: 

Physiological based pharmacokinetic modeling and simulation (PBPK) is a computer modeling approach that includes blood 

flow and tissue composition of organs to define the pharmacokinetics of drugs. The concept of PBPK was first reported by 

Teorell in 1937. PBPK is a powerful tool that requires modern computational power to handle the intense and complicated 

mathematical equations necessary to make quantitative PK estimations and predictions. 

 

PBPK can be utilized to mechanistically understand and predict in vivo pharmacokinetic characteristics from a whole body 

point of view by integrating system-specific parameters (like physiological parameters), drug-specific parameters (as 

physical,chemical and mechanistic pharmacokinetic data), and specific PBPK model structure. 

 

PBPK can be utilized to mechanistically understand and predict in vivo pharmacokinetic characteristics from a whole body 

perspective by integrating system-specific parameters (such as physiological parameters), drug-specific parameters (such as 

Physical chemical and mechanistic pharmacokinetic data), and specific PBPK model structure. It can quantitatively relating to 

drug concentration kinetics in the blood and each tissue through a series of mathematical differential equations, which allows 

it to precisely predict target tissue drug concentration as well as to understand drug absorption, drug distribution, drug 

metabolism, drug elimination, even drug transportation (ADMET) processes. Because it incorporates system-specific 

parameters into equations of individual tissue, it can also be used to predict drug concentration in tissues under various 

scenarios, such as co-administration of enzyme inhibitor or in a specific population (hepatic or renal-impaired patients, 

pediatrics, or elders patients), which could support new drug development strategy, clinical trial design, and improved clinical 

development efficiency. 
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In reference of understand PK characteristics in mechanism, allometric scaling and in vitroein vivo extrapolation methods can 

also be used to analyze pre-clinical data and compare the results with human data, which can provide more key information 

from different point of views to develop a PBPK model more accurately indicating the real disposition process in humans. 

Using the advantage of the PBPK ability to predict drug tissue concentration, a PBPK-PD model could be developed to capture 

pharmacodynamic characteristics in a more accurate way with more understanding of the mechanism, which is helpful for those 

drugs with significantly inconsistent exposure between system and targeted tissues. For a new moiety entity clinical 

development, verification of an established PBPK model based on the human data with the specific ADMET mechanism is 

required, which may need an additional clinical trial. 

 

PBPK modeling has been regularly conducted for new entities to illustrate pharmacokinetic characteristics when drug drug 

interactions happen or when dosing in specific populations needs to be optimized. The predictive performance of CYP3A and 

CYP2D6-mediated drug drug interaction was found to be best for new drugs as the victim using PBPK method, which could 

be applied to waive part of clinical trial. Due to unclear changes in transporte-mediated mechanism and system-specific 

parameters in specific populations, PBPK modeling power is limited to supporting clinical trial design. 

2. Novel animal models for DMPK studies: 

Drug metabolism and pharmacokinetics (DMPK) is a core discipline in drug development that considers the biotransformation 

of drug compound and other PK properties to assess drug safety. DMPK studies allow the drug developers to experimentally 

evaluate intrinsic properties of a drug candidate to validate that it can and will be removed from the body, when administered 

to a patient, without producing harmful byproducts (metabolites), reaching dangerous exposure levels (toxicity), or causing 

adverse side effect. 

In the earliest stage of drug discovery/ development, various cell-based models and animal models were used for the prediction 

of human PK and toxicokinetics250. The common laboratory animals for DMPK include rats, dogs, monkeys, etc. Although 

with the development of gene editing technology, animal models of special ADME genes are needed to better study the 

mechanisms of DMPK, involving the metabolic pathway and its regulatory mechanism. 

The clustered regularly interspaced short palindromic repeat (CRISPR)/CRISPR-associated 9 (Cas9) system, as third 

generation of artificial nuclease technology, provides a promising tool for the genetic engineering. It offers an systemic 

approach to develop genetically modified animal models and a potential strategy for targeted gene therapies. The CRISPR 

system allows simultaneous digestion of many targets at multiple sites in the same cell, making it possible to knock out or 

knock in multiple genes. In the recent years, CRISPR/Cas9 has been applied to the study of drug absorption, drug disposition,  

drug metabolism and drug excretion, as well as the preparation of ADME animal models. 

Today CRISPR/Cas9 technology enables DMPK scientists to develop much better and more predictable ADME models as in-

vitro and in-vivo, specially to study ADME genes that have not been fully explored previously. Most published papers of 

CRISPR/Cas9-mediated ADME report CYP drug metabolic enzymes and ABC drug transporters. 

 

Conclusion: 

DMPK research is essential for understanding of the efficacy and safety of medications. United studies on drug-metabolizing 

enzymes and transporters underlying the ADME processes as well as their transcriptional and posttranscriptional regulation 

mechanisms provide a overall understanding of interindividual variations in pharmacotherapy. 

Understanding of drug- drug interactions or any disease-drug interactions are very important for the better prediction on PK 

properties. While the benefits of PBPK are clear for the clinical trials, it is better to integrate PBPK with other modeling 

methods and consult experimental findings to design clinical trials in support of the new drug development. Novel animal 

models such as those that created through CRISPR-Cas9-based gene editing techniques should be an invaluable addition to 

current tools for PK studies. 

Collectively, DMPK research awaits further innovation and mechanistic studies while DMPK remains a vital element in drug 

development, and is essential for practicing precision medication. 
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