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Abstract  

Traditional herbal medicine, as a unique form of natural medicine, has been used in traditional therapeutic 

systems over many years.  Active components in herbal medicine are the material basis for the prevention and 

treatment of diseases. Research on drug-protein binding is one of the important contents in the study of early 

stage clinical pharmacokinetics of drugs. Plasma protein binding study has far-reaching influence on the 

pharmacokinetics and pharmacodynamics of drugs and helps to understand the basic rule of drug effects. It is 

important to study the binding characteristics of the active components in herbal medicine with proteins for the 

medical science and modernization of herbal medicine. In the present research work some simple and easily 

available analytical methods have been used to study the active herbal components-protein binding. Rules and 

influence factors of the binding between different types of active herbal components and proteins are studied.   
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I INTRODUCTION 

Traditional herbal medicine is the summary of practical experience of people for thousands of years in the fight 

against disease. It is the treasure of culture and constitutes multi-billion-dollar markets—more than 1500 kinds 

of herbal medicines are sold as dietary supplements or the raw material of medicines [1].  Its active components 

are the substantial basis for the treatment of various diseases and the related study is also one of the most 

important parts of the modernization of herbal medicine. 

The concentration of the free active (or toxic) components is directly related to the biological effect (or 

poisoning), and the concentration of the free drugs in plasma is directly related to the concentration in the tissue. 

When drugs are absorbed into the blood, drug-plasma protein binding is a common and reversible dynamic 

process [2]. It is one of the important parameters of drug efficacy and safety, and the determination of bound 

fraction is a necessary step in drug discovery and clinical trials  [3]. It determines the pharmacokinetic and 

pharmacodynamic characteristics of drugs and influences drug absorption, distribution, metabolism, excretion 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5935606/#CR1
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and toxicity (ADMET) [4,5]. It is generally considered that only free drug can transfer through biological 

membranes, combine with the appropriate site of action and drive the therapeutic outcome [6]. And then it 

displays the pharmacological and/or toxicological effects [7]. Small molecular substances can be protected from 

some elimination pathways, such as enzymatic reactions in the liver or blood and glomerular filtration of the 

kidneys, by forming non-covalent complexes with plasma proteins [8].  As a drug reservoir, the bound drug 

fraction can maintain an effective concentration and prolong the duration of the drug action. For the drugs with 

high affinity for plasma proteins, they generally need a higher dose to reach therapeutic level, have a long half-

life and probably increase toxicity. Conversely, the drugs with low plasma protein binding affinities are limited 

in their ability to perfuse tissues and reach the site of action [9]. 

Although many herbal medicines have been proved to be effective by modern clinical trials and 

pharmacological studies, their active components and the remedial mechanism are still unclear [10].  The 

pharmacological activities of herbal medicines are considered to be the combination of multi-components 

effects, including the interactions of active components with proteins. It is well known that a kind of herbal 

medicine usually contains hundreds of different components [11].  There is no doubt that this is a complex and 

heavy work to elucidate the mechanism of action of these components. Therefore, it is extremely valuable to 

investigate the binding of one or a few active components from herbal medicine with proteins. 

 

II EXPERIMENTAL 

Materials and apparatus:  

A Soxhlet extractor was used for extraction of herbal medicinal plants.  Fluorescence measurements 

were recorded using F-2700 PC Hitachi spectrofluorometer Model F- 2700 (Hitachi, Tokyo, Japan) equipped 

with a 150W Xenon lamp and a slit width of 5 nm.  A 1.00 cm quartz cell and thermostatic cuvette holder was 

used for measurements.  The absorption spectra were recorded on a double beam CARY 50-BIO UV-vis 

spectrophotometer (Varian, Australia) equipped with a 150 W Xenon lamp and a slit width of 5 nm.  A 1.00 cm 

quartz cell was used for measurements.  The pH of solution was measured with Scott Gerate pH meter (CG 

804).  The viscosity measurements were made with Ostwald’s viscometer, immersed in a thermostat water-bath 

at room temperature.   All chemicals used were of analytical reagent grade and were purchased from s.d Fine-

Chem, Ltd., India and water (Rankem Ltd., India)  

 

III Procedure 

Soxhlet method of ethanol extraction 

Plant material can be fresh (for example, a plant leaf) or dried. It needs to be crushed, using a pestle and 

mortar, to provide a greater surface area.  The plant material should be sufficient to fill the porous cellulose 

thimble (25 g of thyme in a 25- x 80-mm thimble). 

The solvent (250 ml of ethanol) is added to a round bottom flask, which is attached to a Soxhlet extractor 

and condenser on an isomantle. The crushed plant material is loaded into the thimble, which is placed inside the 
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Soxhlet extractor. The side arm is lagged with glass wool. The solvent is heated using the isomantle and will 

begin to evaporate, moving through the apparatus to the condenser. The condensate then drips into the reservoir 

containing the thimble. Once the level of solvent reaches the siphon it pours back into the flask and the cycle 

begins again. The process should run for a total of                4 hours.  Once the process has finished, the ethanol 

should be evaporated using a rotary evaporator, leaving a small yield of extracted plant material (about 2 to 3 

ml) in the glass bottom flask. 

 

Fluorescence quenching study  

Based on preliminary investigations, the concentration of plant extract was kept constant at while that 

of bovine serum albumin (BSA) was varied from 5 to 35 µM.  Fluorescence spectra were recorded at three 

temperatures in the range of 400 - 650 nm upon excitation at 365 nm.  

 

UV measurements  

The UV–vis spectra were obtained by scanning the solution on the spectrophotometer in the 

wavelength range of 300 - 550 nm.  Herbal extract concentration was fixed at 150 µM while that of BSA was 

varied from 5 to 30 µM in the presence of phosphate buffer.  

 

Viscosity measurements 

The viscosity measurements of protein (1.0 x 10
–3

 mol L
−1

) in the presence and absence of herbal 

extracts were made in a thermostatic water-bath at 25ºC.  The data were presented as (η/η0)
1/3

 versus r [12], 

where η and η0 are the viscosities of BSA in the presence and absence of herbal extract respectively.  Viscosity 

values were calculated from the observed flow time of BSA containing solutions (t) and corrected for buffer 

solution (t0), η = (t − t0)/t0. 

 

IV Results and discussion 

Fluorescence studies of herbal extract and BSA  

Fluorescence quenching refers to any process which decreases the fluorescence intensity of a sample 

[13].  BSA shows strong fluorescence emission peak.   On increasing concentrations of herbal extract, the 

fluorescence emission spectra of BSA decreases.   

We have measured the competitive absorbance of protein and herbal extract at the excitation wavelength and 

observed that both of them do not contribute to the inner filter effect as evident from their very low absorbance 

values.  Hence, there is no inner filter effect.  The possible mechanisms of quenching include dynamic 

quenching, static quenching or both [13,14], dynamic and static quenching could be distinguished based on their 

differing dependence on temperature.  For this, we carried out the quenching studies at different temperatures.  

For fluorescence quenching, the decrease in intensity is usually described by Stern-Volmer equation [12] as 

shown below:  
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1 + KSV [Q] = Kq   0 [Q] ------ (1)
F0

F
= τ 

 

Where F0 and F denote the steady-state fluorescence intensities in the absence and presence of quencher (BSA) 

respectively, KSV is the Stern-Volmer quenching constant and [Q] is the concentration of the quencher.  Hence, 

Eq. (1) was applied to determine KSV by linear regression of a plot F0 / F against [Q].  

 

Binding studies using UV- visible absorption spectra  

UV-vis absorption measurement is a very simple method and applicable to explore the structural 

change and to know the complex formation.  The UV-vis absorption spectra of herbal extract, BSA and the 

herbal extract-BSA system were also investigated to confirm the probable quenching mechanism.  The UV-vis 

absorbance intensity decreased regularly with the increasing concentration of BSA indicating that BSA 

molecules were associated with herbal extract and formed a herbal extract-BSA complex.  This confirmed again 

a static quenching mechanism. 

 

Viscosity Measurements 

Viscosity measurement is an effective tool to study the binding mode of small molecules to BSA.  A classical 

intercalation binding demands the space adjacent base pairs to be large enough to accommodate the bound 

ligand and elongate the double helix, resulting in an increase of BSA viscosity.  A non-classical intercalation or 

a groove mode would reduce the BSA viscosity [15].  The viscosity measurements were taken by varying the 

concentration ratio of BSA and herbal extract.  The relative specific viscosities of BSA depends on the 

concentration of herbal extract, which increases with the value of [herbal extract]/[BSA].  This indicates a non-

classical intercalation mode of binding possibly a groove binding via hydrophobic interaction between herbal 

extract and BSA. 

 

V CONCLUSIONS  

The safety and efficacy of herbal medicines have been proven through experience passed on from generation to 

generation.  Herbal medicines experienced the change from the single herb to the compound medicines and had 

established itself as a relatively independent disciplinary system. The single active component in herbal 

medicines has developed into a multitude of new drugs. Therefore, studies on the binding of active components 

in herbal medicines and plasma proteins are of great significance to the guidance and evaluation of new drug 

development. This article explains some analytical techniques including extraction methods, spectroscopic 

methods and viscosity method for the study of binding between different types of active herbal components and 

plasma proteins. 
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