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ABSTRACT 
 

Humic acid is a principal component of humic 
substances, which is the major organic constituents 
of soil, coal, peat, many upland streams, dystrophic 
lakes, and ocean water. It is produced by the biodeg-
radation of dead organic matters. Humic substances 
contain major groups for chemistry, such as polyphe-
nols, polycarboxylic acids, carbonyl groups, and per-
oxides. The presence of carboxylate and phenolate 
groups gives the humic acids the ability to form com-
plexes with ions such as, Fe2+, Fe3+, Mg2+, and Ca2+.  

Acetylcholinesterase (AChE, E.C.3.1.1.7), also 
known as AChE, is a hydrolase that hydrolyses the 
neurotransmitter acetylcholine. AChE is found at 
mainly neuromuscular junctions and cholinergic 
brain synapses, where its activity serves to terminate 
synaptic transmission. Reduction in the activity of 
the cholinergic neurons is a well-known property of 
Alzheimer's disease. Acetylcholinesterase inhibitors 
are employed to reduce the rate at which acetylcho-
line (ACh) is broken down, so that increasing the 
concentration of ACh in the brain and fighting the 
loss of ACh caused by the death of cholinergic neu-
rons. Natural compounds are very important for Alz-
heimer's disease. Humic substances are the major 
natural bio-polyelectrolyte and contain major groups 
for chemistry. 

In this study, the effect of humic acid was in-
vestigated on acetylcholinesterase (AChE) and bu-
tyrylcholinesterase (BChE, E.C.3.1.1.8) enzymes. 
AChE and BChE inhibition studies were performed 
according to Ellman method. IC50 and Ki values were 
calculated for humic acid. These values were found 
0.474 and 0.181 nM for AChE and 20.83 and 0.208 
nM for BChE, respectively. The inhibition type was 
determined as competitive. 

 
 

KEYWORD: 
Humic acid; Acetylcholinesterase; Butyrylcholinesterase; 
Enzyme inhibition; Acetylcholine; Butrylcholine 

INTRODUCTION 
 
In recent times, natural compounds have at-

tracted important scientific and public interest due to 
their versatile health-promoting effects. Natural 
compounds are very important for many diseases. 
Natural compounds can be found in nature, in many 
plants, vegetables and including eatable fruits. Hu-
mic substances are the major natural bio-polyelectro-
lyte and contain major groups for chemistry such as 
polyphenols, polycarboxylic acids, carbonyl groups 
and peroxides. Organic matters in the soil are mainly 
two parts. These are humin substances and non-
humin substances. Non-humin substances are 
formed from residues of plant and animal organism. 
The humin substances cover most of brown colour, 
resistant polymer materials. These are re-occurring 
substances and mainly classified as fulvic acid, hu-
mic acid, or humin, depending on their solubility. 
Humic substances contain wide variety functional 
groups [1]. Dissolved humic substances generally 
contain 50-80 per cent of the dissolved organic car-
bon in aquatic ecosystems [2]. Humic acids are het-
erogeneous mixtures of oxidized organic material 
having various functional groups (Figure 1).  

 

 
FIGURE 1 

Chemical structure of humic acid 
 

HO

HO

CH3

HO O

CH3

O

OH

OH

OH

OH

OHO
OH

O

HO

O OH

O

O

OH

O



© by PSP  Volume 26  No. 6/2017 pages 3733-3739   Fresenius Environmental Bulletin 

 

3734 

 

 
FIGURE 2 

Standard compounds were used for acetylcholinesterase and butyrylcholinesterase inhibitors 
 

The average molecular weight of humic acids 
is reported to range from 2 to 5 KDa. Molecular 
weight of humic acid can be a few hundred thou-
sands (2-300 KDa) according to the source obtained. 
Schnitzer and Khan determined that giving humic 
acid substances have positive effect on plants. of giv-
ing to plants of humic substances. They reported that 
the humic acid directly or indirectly influences the 
development of plants [3]. Humic acid has a favour-
able effect of on the physical and chemical properties 
of soil. The usefulness of humic acids is discussed 
for many years [4]. Recently, it was used in many 
industries because of its great importance for agri-
culture. Humic acids prevent uptake by plants of 
mercury, lead, cadmium, and other harmful heavy 
metals present in the soil [5]. Humic acids create 
complexes with metal ions, whereby, the soil be-
come enriched as micronutrients [6]. 

diseases and the most common form of dementia. 
AD is a chronic neurological disorder characterized 
by memory impairment, cognitive dysfunction [7]. 
AD was firstly defined by German neuropathologist 
Alois Alzheimer [8], but pathogenesis of AD has not 
been entirely clarified since 1906 and on this issue 
research is rapidly continuing. AD can be treated by 
the use of pharmaceuticals, which restore the level 
of acetylcholine through the inhibition of AChE.  

Acetylcholinesterase (AChE, E.C.3.1.1.7) is a 
hydrolase that plays a key role in cholinergic trans-
mission by catalysing the rapid hydrolysis of the 
neurotransmitter acetylcholine (ACh). It is a special 
carboxylic ester hydrolase that knocks down the es-
ters of choline  [7]. AChE is found in high concen-
trations in the brain and in red blood cells [9]. It is a 
necessary enzyme for the nervous system and used 
for the treatment of several neuromuscular diseases, 
and was studied for the treatment of AD [7,10,11]. 

Such as organophosphorus and carbamate deriva-
tives are known as the best inhibitors for AChE cat-
alytic activity [12]. 

drugs such as Tacrine, Rivastigmine, Galantamine 
and Donepezil are used as AChE and BChE inhibi-
tors (Figure 2). These drugs can cause serious prob-
lems. Thus, the development and utilization of new 
effective natural products are desired for treatment 
of AD [7]. In this study, we identify the potential in-
hibition profile of AChE, which is widely used in the 
medical and pharmaceutical industries. 
 
 
EXPERIMENTAL 

 
Anticholinesterase and Butyrylcholinester-

ase Inhibition Assays. The AChE or BChE inhibi-
tion assays were carried out according to Ellman 
method [13] described previously [14,15]. Acetyl 
thiocholine iodide and butyrylthiocholine iodide 
(ATChI/BTChI) were used as the substrates of the 
reactions. 5,5-Dithiobis(2-nitrobenzioc) acid 
(DTNB) was used for measurement of AChE/BChE 
activities. Brief
buffer (0.1 M, pH 8  
(humic acid) s solutions (0.09 
U/mL) were mixed and incubated for 15 min at 25 
°C [16]. Then, 
and reactions were initiated by the addition of sub-

ATChI/BTChI, 14 mM solution). 
The hydrolysis of both substrates was measured by 
the formation of the product, 5-thio-2-nitrobenzoate. 
A coloured anion formed by the reaction of DTNB 
and ATChI/BTChI, which is released by AChE or 
BChE hydrolysis, respectively. After 10 min, the ab-
sorbance was measured at 412 nm (Bechman Coulter 
DU 730, UV Spectrophotometer). The percentage of 
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ATChI/BTChI inhibitions was calculated using the 
following equation: 
 
Inhibition (%) S/AC] × 100 

 
where AS is Absorbance of the sample solution 

and AC is Absorbance of the control solution. 
The enzyme activity (%)-[Humic acid] graphs 

were drawn and the half maximal inhibitory concen-
tration (IC50) values of humic acid demonstrated 
50% inhibition of AChE or BChE were calculated 
after suitable dilutions [17-19]. On the other hand, 
Ki values for humic acid were determined for both 
AChE and BChE. Ki is defined as the binding affin-
ity constant of the Humic acid to AChE/BChE. To 
determine the Ki values, each humic acid was tested 
at three different concentrations [20]. Lineweaver-
Burk curves were drawn in detail as described previ-
ously [21,22]. For descriptions of inhibitory effects, 
researchers often used an IC50 value; however, Ki 
constant is a more suitable parameter. Ki values were 
calculated from Lineweaver-Burk graphs. In this 
study, both the IC50 and Ki parameters of humic acid 
were calculated [23,24]. 
 
 
RESULTS AND DISCUSSION 

 
Humic acids are polycondense molecules pro-

duced by the decomposition of plant and animal res-
idues. Plants use low molecular weight humic acids. 
These substances increase the cell membrane perme-
ability and have been determined to have hormone-
like activity [25]. Humic acids are used not only in 
the agricultural field, but also in chemical technol-
ogy such as environmental technologies, drilling 
technologies, glue, paints, and printing inks. In addi-
tion, humic acid is an important part in solving prob-
lems especially AIDS, bronchitis, flu, stomach dis-
orders, kidney stones blocking, the formation of 
haemorrhoids, skin cancer, blood coagulants, anae-
mia and excessive sleeps [26]. 

AChE is found in the brain and in erythrocytes 
with high concentrations and it is a crucial enzyme 
for the nervous system. AChE inhibitors are used in 
the treatment of several neuromuscular diseases, and 
in the treatment of AD [27]. AChE is a metabolic 
serine hydrolase that catalyses the hydrolysis of ACh 
to acetate and choline, thus regulating cholinergic 
neurotransmission. Therefore, in disorders such as 
AD, where there is diminished cholinergic activity, 
inhibition of AChE has been employed to treat some 
of the symptoms attributed to decreased ACh levels 
[28,29]. AChE inhibitors (AChEIs) are used in many 
areas. AChEIs occur naturally as venoms and poi-
sons. They are used as insecticides and also used in 

medicine for treatment of neuropsychiatric symp-
toms of some diseases such as AD and Parkinson. 
AChEIs are primarily used to treat the significant 
cognitive symptoms of dementia [30-32]. At the 
same manner, these drugs have undesirable side ef-
fects such as gastrointestinal disturbances and hepa-
totoxicity [33,34]. Also, AChEIs are used to treat 
cognitive impairments in patients with schizophrenia 
[35,36]. In addition, AChEIs are frequently used for 
the treatment of myasthenia gravis, a neuromuscular 
disease that leads to fluctuating muscle weakness 
and fatigue [37]. Effective AChE inhibitors can be 
used for AD treatment. Most of the currently availa-
ble drugs on the market including Tacrine, Rivastig-
mine, Donepezil, and Galantamine intended to treat 
AD are AChE inhibitors [38]. However, during the 
progression of AD, brain AChE levels decline while 
BChE activity increases, suggesting that ACh hy-
drolysis may occur to a greater extent via BChE ca-
talysis. In this regard, it has been reported that highly 
selective inhibition of BChE is important in raising 
ACh levels and improving cognition [39]. The inhi-
bition effects of some humic acid against 
AChE/BChE activities were measured according to 
spectrophotometric Ellman method [13]. 
AChI/BChI was used as substrates of the reactions. 
This method is based on the amount of thiocholine 
released when the enzyme AChE/BChE hydrolyses 
the AChI/BChI to thiocholine and acetate/butyrate. 
The product thiocholine reacts with DTNB to pro-
duce a yellow compound (5-Thio-2-nitrobenzoate) 
anion, which can be detected in a wavelength of 412 
nm [40]. 

We have achieved significant and meaningful 
results in our study. As can be seen in Table 1 and 
Figures 3 and 4, humic acid effectively inhibited 
AChE and BChE. The concentration of a humic acid 
that is required IC50 was found as 0.474 nM (r2: 
0.9843) for AChE and 0.181 nM (r2: 0.9531) for 
BChE, respectively (Figures 3A and 4A). This quan-
titative measure indicates how much of a particular 
humic acid is needed to inhibit a given AChE and 
BChE by half. On the other hand inhibition constants 
(Ki) were calculated as 0.208±0.024 and 
0.112±0.094 nM for AChE and BChE, respectively 
obtained from Lineweaver-Burk graph (Figures 3B 
and 4B, Table 1) [41,42]. 

 
TABLE 1 

The inhibition profiles of humic acid on acetyl-
cholinesterase (AChE) and butyrylcholinesterase 

(BChE) enzymes 

Kinetic pa-
rameters 

IC50 
(nM) 

R2 Ki (nM) 

AChE 0.474 0.9843 0.208±0.024 
BChE 0.181 0.9531 0.112±0.094 
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FIGURE 3. 

A. The effects of different concentrations of humic acid on acetylcholinesterase (AChE).  
B. Determination of Ki value of humic acid for acetylcholinesterase (AChE) by Lineweaver-Burk plots 

 

  
A B 

FIGURE 4. 
A. The effects of different concentrations of humic acid on butyrylcholinesterase (BChE).  

B. Determination of Ki value of humic acid for butyrylcholinesterase (BChE) by Lineweaver-Burk plots 
 
 

Our results were compared with donepezil hy-
drochloride, which used for the treatment of mild-to-
moderate AD and various other memory impair-
ments, had been shown to lower AChE inhibition ac-
tivity with IC50 value of 55.0 nM [43]. Also, Tacrine, 
a first centrally acting cholinesterase inhibitor ap-
proved for the treatment of AD, was used as a stand-
ard AChE with Ki values of 5.70±1.09 nM. It was 
reported that galantamine, which is another standard 
inhibitor for AChE has Ki value of 253.0 nM [17]. 
On the other hand it was found that humic acid 
strongly inhibited BChE with IC50 and Ki values of 
0.181 nM (r2: 0.9531) and 0.112 nM, respectively 
(Table 1). On the other hand, Tacrine was used as a 
standard AChE and BChE inhibitors and had Ki 
value of 209.21±15.02 nM for BChE. This choliner-
gic enzyme has a higher activity in liver, intestine, 
heart, lung, and kidney. AChE and BChE share 65% 
amino acid sequence homology and have similar 

molecular forms and active sites despite being prod-
ucts of different genes on the human chromosomes. 
Both cholinesterases participate in cholinergic neu-
rotransmission by hydrolysing ACh in the central 
and peripheral nervous system. Also, they play an 
important role in the development of AD [44]. AD is 
a neurodegenerative disease of the central nervous 
system associated with progressive memory loss re-
sulting in dementia. Gradual loss of ACh has been 
demonstrated to impair memory, especially in the 
progression of AD [45]. The increased AChE reac-
tivity has been shown to be closely associated with 
neurofibrillary tangle pathology in AD. Also, AChE 
inhibitors are thought to be promising therapeutic 
drugs for the treatment of neurodegenerative disease 
characterized with ACh deficiency, such as senile 
dementia or AD [14]. 
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Considering the previous studies, AChE and 
BChE were inhibited by a large spectrum of com-
pounds. Recently, some studies have shown that 
AChE and BChE were very effectively inhibited by 
novel tetrahydropyrimidine-5-carboxylates with Ki 
values in the range of 68.48-97.19 nM for AChE and 
104.70-214.15 nM for BChE [45]. In another study, 
Scozzafava et al. demonstrated that hydroquinone, 
which is an aromatic organic compound that is a type 
of phenol, had Ki value of 1.22 nM against AChE 
[46]. Also, AChE was effectively inhibited by some 
phenolic sulfonamides, with Ki values in the range 
of 33.04 to 131.68 nM [10]. In a recent study, some 
carbamates inhibited both cholinergic enzymes with 
Ki values in ranging of 4.94-7.66 and 0.209-0.291 
nM, respectively [47]. Some similar results were ob-
served for the isatin Mannich bases, which had Ki 
values in low nanomolar range of 0.42-1.11 nM [48]. 
On the contrary, some novel sulphamides and sul-
phonamides incorporating the tetralin scaffold had 
been shown to be micromolar inhibition with Ki val-
ues between 56.7- [7]. In this study, we de-
termined the potential inhibition profile and mecha-
nism for AChE and BChE, which are widely used in 
the medical and pharmaceutical industries. It is well-
known that one of the best primary pharmacological 
strategies for the treatment of AD is to improve cho-
linergic neurotransmission by decreasing the rate of 
decomposition of ACh at synapses in the brain with 
the use of AChEIs [49,50]. 

 
 
CONCLUSIONS 

 
Humic acid demonstrated unique inhibition 

profiles against AChE and BChE. In this study, na-
nomolar levels of Ki and IC50 values were observed 
for humic acid. Humic acid clearly indicates the po-
tential use for natural bio-polyelectrolyte humic acid 
in identifying more AChE and BChE. Humic acid 
can be a good inhibitor or the treatment of mild-to-
moderate AD and various other memory impair-
ments. 
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