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Abstract 

Background We hypothesize that galantamine extracted from Narcissus species may have a protective 
effect against organophosphate-neurotoxicity, with lower environmental impact. Objective In vitro 
testing of the neuroprotective effect of these compounds on neuronal models exposed to an 
organophosphorus insecticide (diazinon), considering its acute neurotoxicity. Materials and methods 
Cytotoxicity and protective effect of these compounds in concentrations close to toxic (60 µg/ml) and 
therapeutic (12; 6 µg/ml) ones were tested in vitro using the MTT cell viability assay kit. Statistical 
analysis was used to test whether the differences between the cell viability of the groups were 
statistically significant. Results The toxicity values of natural galantamine were higher than those of 
the synthetic one in concentration of 60 µg/ml (p=0.002) and comparable in concentrations of 6 and 
12 µg/ml (p=0.06 and p=0.5). Highlighting of the neuroprotective effect by assessing cell viability in 
the case of exposure of the rat hippocampal neurons cell line to the organophosphorus compound in 
concentrations of 240 µg/mL, with pretreatment with the studied compounds, emphasized 
comparable values. In case of exposure to lower concentrations of diazinon the neuroprotective effect 
of natural galantamine at a concentration of 12 µg/ml is higher than that of synthetic galantamine 
(p=0.03), and lower than that of the synthetic compound in the case of concentrations of 6 and 
60µg/ml (p=0.009 and respectively p=0.002,). Conclusions The protective effect offered by 
galantamine obtained from the N. poeticus extract was superior to the synthetic compound under 
experimental conditions at a concentration of 12µg/ml, with lower environmental impact. 

Keywords: preventive antidote; galantamine; Narcissus extracts; organophosphates 
 

1. Introduction 

Neurotoxic organophosphorus compounds are a class of highly toxic substances with a structure 
of phosphoric acid esters [1]. They contain two identical or different organic residues and an 
inorganic or organic active group in the molecule, linked to a pentavalent phosphorus atom. In turn, 
the central pentavalent phosphorus atom may be bonded to an oxygen or sulfur atom (phosphates, 
phosphonates, thionphosphates, thionphosphonates)[1,2]. The main mechanism of action of 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 December 2025 doi:10.20944/preprints202512.2794.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202512.2794.v1
http://creativecommons.org/licenses/by/4.0/


 2 of 15 

 

neurotoxic organophosphorus compounds is the irreversible inhibition, through phosphorylation, of 
the active site of acetylcholinesterase (AChE), the enzyme responsible for the hydrolysis of 
acetylcholine at the synapses of the cholinergic system [3–5]. This results in an excess of acetylcholine 
at the synapses of the cholinergic system. The cholinergic system includes all synapses at which 
transmission is mediated by acetylcholine, as well as structures whose functionality is dependent on 
it [1–3]. Cholinergic mediation is characteristic for the following categories of synapses: synapses at 
effector sites that are innervated by parasympathetic postganglionic fibers; synapses at sympathetic 
and parasympathetic ganglia and chromaffin cells of the adrenal medulla, innervated by 
preganglionic autonomic nerve fibers; cholinergic synapses at the neuromuscular junction, 
innervated by somatic motor neurons; synapses at the level of the central nervous system 
(motoneurons in the anterior horns of the medulla) and the central nervous system (hippocampus, 
medial and lateral geniculate bodies of the thalamus, caudate nucleus, hypothalamus, auditory and 
visual cortex) [6–9]. 

Emergency medical countermeasures in case of exposure to neurotoxic chemical compounds 
consist in administrating preventive (pyridostigmine) and curative treatment (obidoxime, 
pralidoxime, HI-6), and anticonvulsant compounds (benzodiazepines: midazolam, diazepam, 
avizafone) [10–15]. 

Preventive treatment consists in the administration of pyridostigmine, a reversible 
acetylcholinesterase inhibitor which, administered pre-exposure, can protect the enzyme [16–18]. 
This is the standard option, which, in combination with curative antidotes, is able to increase their 
therapeutic efficacy and thus survival [19–21]. Due to low lipophilicity and low oral bioavailability, 
pyridostigmine cannot cross the blood-brain barrier, thus being unable to antagonize the neurotoxic 
effects of organophosphorus compounds [22–24]. Also, the narrow therapeutic window allows toxic 
effects to occur at doses that are closer to therapeutic ones [25,26]. 

Studies in the literature have shown that galantamine, a reversible cholinesterase inhibitor with 
neuroprotective properties due to its ability to cross the blood-brain barrier, could be a superior 
therapeutic alternative to pyridostigmine in neurotoxic chemical intoxication [27–29]. 

Galantamine is approved by the EMA and FDA for the treatment of mild and moderate forms 
of Alzheimerʹs disease and has proven efficacy and safety [30–35]. The commercial products known 
as Reminyl, Galantamine or Galsya are packaged as 4, 8 and 16 mg capsules, or as oral solution; they 
are obtained by chemical synthesis with rather high production costs [33–37]. A less costly alternative 
could be to obtain galantamine from natural extracts [38–41], an environmentally friendly method 
that follows the principles of green chemistry [42]. 

In this general context, we hypothesise that galantamine extracted from Narcissus species may 
have a protective effect (compared to the synthetic version) against organophosphate-induced 
toxicity, with lower environmental impact. 

The objectives of the experimental study consist in the identification and quantification of 
galantamine obtained from natural extracts belonging to various species of Narcissus, Amaryllidacae 
family, and in vitro testing of its toxicity and therapeutic efficacy compared to the synthetic 
compound containing galantamine. 

2. Materials and Methods: 

2.1. Materials and Reagents 

- Galantamine standard, product of MERCK Germany, purity 99.8%, CAS No 1953-04-4; 
- Diazinon PESTANAL, product of MERCK Germany, purity 99%, CAS No 33-41; 
- Acetonitrile standard HPLC, product of MERCK Germany, purity 99.5%, CAS No 75-05-8; 
- Trifluoroacetic acid standard, product of MERCK Germany, purity 99%, CAS No 76-05-1; 
- Formic acid standard HPLC, product of MERCK Germany, purity 98.9%, CAS No 64-18-6; 
- Ethanol gradient grade, product of MERCK Germany, purity 99.8 %, CAS No 64-17-15; 
- Methanol standard HPLC, product of MERCK Germany, purity 99.9%, CAS No 67-57-15; 
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- MTT cell proliferation assay kit produced by Sigma Aldrich Germany, product number CT 01. 

2.2. Cell Lines 

- NIH3T3 mouse embryonic fibroblast cell line, product of ATCC-USA catalogue number CRL-
1658; 

- Rat neuronal cell line (rat hippocampal cell line), product of Lonza Bioscience Switzerland 
catalogue number R HY-501. 

2.3. Equipment 

- Arc HPLC high-performance liquid chromatography system (Waters, Milford, MA, USA); 
- En Sight™ Multimode Microplate Reader (Perkin Elmer USA); 
- Centrifugal partition chromatography system (Armen, France). 

2.4. Methods 

The natural dried extracts were prepared from bulbs of controlled origin from various species 
of Narcissus: Narcissus poeticus (coded as sample P4), Narcissus pseudonarcissus (coded as sample P5), 
and Narcissus double (coded as sample P6). 

These extracts were selected because they displayed a significant galantamine content in 
previous experimental studies. The dried version is closer to the future conditioning form of the 
preventive antidote. The natural dried extracts were obtained using two methods: 

- Maceration (MAC). The method consists in keeping the samples for 3 days at room temperature, 
with occasional shaking; 

- Ultrasound assisted extraction (UAE) using a Bradsonic MH1800 bath at 50°C. 

2.5. Identification of Galantamine from Dried Natural Extracts Using HPLC Analysis 

HPLC-PAD analysis was carried out using an Arc HPLC High Performance Liquid 
Chromatography System (Waters, Milford, MA, USA). 

2.6. Reaction Conditions of the Chromatographic System 

- A Symmetry C18 column (250 х 4.6 mm, particle size 5 µm – Waters, Milford, MA, USA) was 
used, with the oven temperature set at 30 °C. 

- The injection volume was 20 µL. 
- The mobile phases were: (A) 0.1% formic acid in water and (B) 0.1% formic acid in acetonitrile. 
-The elution gradient was 2-15% mobile phase B for 10 min and the elution flow rate was 1 

mL/min. 
- A wavelength of 288 nm was used for the detection and quantification of galantamine. 
- The retention time in each sample was compared with the retention time of the galantamine 

standard, obtained at 5.8 min. 

2.7. Advanced Natural Galantamine Isolation Tests Using Centrifugal Partition Chromatography 

Centrifugal partition chromatography (CPC), also known as counter-current chromatography 
(CCC) or preparative HPLC, is a technique used in pilot studies whose main purpose is the 
quantitative isolation of molecules from complex mixtures. The novelty of this technique is that CPC 
does not require the solid stationary phase column, but uses a mixture of immiscible liquids which 
function as the mobile and stationary phases. One liquid serves as the mobile phase or eluent, while 
the other as the stationary phase. The stationary phase is retained in the rotor through the application 
of a centrifugal field. The Centrifugal Partition Chromatography (CPC) system used in the study was 
a SCPC-250-B equipment (Armen, France). 

Method and conditions of reaction within the operating framework of the CPC system: 
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- Loading the column with 100% of the upper stationary phase was performed in descending 
mode; the reaction conditions of this phase were as follows: volume 30 mL/min, speed 500 rpm, and 
time: 10 min; 

- Balancing the column with 100% of the lower mobile phase was performed in descending mode; 
the reaction conditions of this phase were as follows: volume: 8 mL/min, speed 1600 rpm, and time: 
15 min; injection volume – 2 mL of extract; 

- Lower mobile phase elution was performed in descending mode; 
- Galantamine detection wavelength: 288 nm; 
- Extrusion with upper stationary phase volume: 30 mL/min, time: 12 min. 
In vitro tests for highlighting the galantamine-induced cytotoxicity and its protective effect in case of 

exposure to neurotoxic organophosphorus compounds. 
The experimental protocol follows the insert attached to the MTT cell viability kit; they were 

performed according to the regulations of ISO Standard 10993-5/2009 with the approval of the 
Institutional Ethics Committee no 437/24.08.2024. 

Working solutions were prepared as follows: 
- Diazinon PESTANAL – organophosphorus insecticide, irreversible inhibitor of 

acetylcholinesterase, similar in structure and toxicological properties to neurotoxic chemical 
compounds, from which solutions were prepared in concentrations of 240 and 24 µg/mL. These 
concentrations were considered in literature to be close to the median lethal in vitro concentration of 
this toxic compound, and a fraction (1/10) of it. 

- Galantamine – obtained from the dried extract of N. poeticus, from which solutions were 
prepared in concentrations close to toxic (60 µg/ml) and therapeutic (12, 6 µg/ml) ones. 

- Galantamine obtained through chemical synthesis (Sigma – Germany product), from which 
solutions were prepared in the same concentrations. 

Cell lines used: 
The cell lines used in the study are correlated with the main toxicity of cholinesterase inhibition 

(NIH/3T3 mouse embryonic fibroblast cell line) and the specific acute neurotoxicity of 
organophosphorus insecticides (the rat hippocampal neuron R HY – 501cell neuron line), the class to 
which diazinon belongs. The hippocampal neuron cell line was chosen because it is known in the 
literature that in this region there is a large number of cholinergic synapses, with acetylcholine as the 
neurotransmitter. 

- NIH/3T3 mouse embryonic fibroblast cell line, product of ATCC USA 
The fibroblast cell line was cultured in 25 cm2 cell culture flasks, using Dulbeccoʹs Modified 

Eagleʹs Medium (DMEM) supplemented with 10% fetal bovine serum (FBS) and 50 µg/mL of 
gentamicin. The cells in 25 cm2 culture flasks were subjected to trypsinization with 0.025% Trypsin-
EDTA and centrifuged, and the pellet was resuspended in 5 mL complete DMEM medium. The cell 
suspension was cultured on a microplate with 96 flat-bottomed wells, 200 µL/well (2.14x105 
cells/well) and incubated in the CO2 incubator at 37 0C for 24 hours with the studied compounds and 
diazinon. 20 µL MTT medium/well (10% of the volume of medium) was added, followed by 
incubation for 4 hours at 37° C. After the 4 hours, the microplate was removed from the incubator, 
the medium was removed, and the MTT solvent was added. The optical density was read at a 
wavelength of 570 nm, within maximum one hour from the addition of the solvent, using the 
multimode reader (En Sight™ Multimode Microplate Reader, PerkinElmer). 

-The rat hippocampal neuron R HY-501 cell line 
It was cultured (according to the protocol in the insert) directly on cell microplates with 96 wells 

specially treated with poly-D-lysine. The microplate cultivation was performed using a concentration 
of 2x105 cells/well and was followed by incubation in CO2 atmosphere (5%) at 37° C for 96 hours for 
optimal cell adhesion. 

Subsequently, the galantamine solutions obtained from the extract and using chemical synthesis 
were applied to the plates and the MTT cell proliferation kit was used. 
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The samples were read in triplicate (n=3). Standard deviation was calculatedThe results were 
expressed as percentages.. Statistical analysis was used to test whether the differences between the 
cell viability of the groups were statistically significant. 

3. Results and Discussions 

Obtaining dried natural extracts from bulbs of controlled origin from the Amaryllidaceae species: 
Narcissus poeticus (hereinafter referred to as sample P4), Narcissus pseudonarcissus (hereinafter referred 
to as sample P5) and Narcissus double (hereinafter referred to as sample P6). The comparative results 
are shown in Table 1. 

Table 1. Dried extracts obtained by maceration (MAE) and ultrasound-assisted technique (UAE). 

Current   
Number 

Dry extract sample 
(P) 

Mass of maceration dried 
extract (MAC) (g)/100 g 

bulbs 

Mass ultrasonic dried 
extract (UAE) (g)/100 g 

bulbs 

1 Narcissus poeticus 
(P4)  10.65 ± 0.02 10.25 ± 0.01 

2 N.pseudonarcissus 
(P5) 10.02 ± 0.007 9.24 ± 0.008 

3 Narcissus double (P6) 10.04 ± 0.05 9.13 ± 0.003 

The sample of Narcissus poeticus (P4) exhibited the highest amount of dry extract (10.65 g/100g 
bulbs) using the maceration technique. This extract will be used to make the preventive antidote. 

3.1. Identification of Galantamine in Dried Natural Extracts Using the HPLC Analysis 

Six different concentrations ranging from 3.91–125 µg/mL were used to obtain the calibration 
curve and regression equation (y = 1.09x +2.8343). The linearity showed a correlation coefficient (R2) 
value of 0.99998. In the case of galantamine, the value of the limit of detection (LOD) was 1.012 µg/mL, 
and the value of the limit of quantification (LOQ) was 3.068 µg/mL. A chromatographic analysis was 
performed in triplicate for each sample. The retention time was 5.8 minutes. The identification of the 
parent compound was carried out using mass spectrometry (MS – mode associated with the used 
HPLC system). The chromatogram of the reference standard of synthetic galantamine is presented in 
Figure 1. 

 

Figure 1. Chromatogram of galantamine reference standard recorded at 288 nm. 
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The chromatogram of sample P4, representing the dried extract from the Narcissus poeticus bulbs 
obtained by maceration (MAC) is presented in Figure 2. 

 
Figure 2. Chromatogram of galantamine from the P4 sample (N. poeticus) recorded at 288 nm. 

The identification of the compound with a similar retention time to that of the galantamine 
standard was carried out using mass spectrometry 

The results of the HPLC quantification of galantamine from Narcissus extracts obtained by 
maceration and ultrasound-assisted extraction methods are shown in Table 2. 

Table 2. Identification and quantification of galantamine in the dried Narcissus extracts. 

Current 
number 

Sample code Galantamine (mg/100 mg dry 
extract) 

1 P4 MAC SOLID 7.928±0.016 
2 P5 MAC SOLID 2.114±0.024 
3 P6 MAC SOLID 5.893±0.004 
4 P4 UAE SOLID 2.682±0.017 
5 P5 UAE SOLID 0.768±0.014 
6 P6 UAE SOLID 1.597±0.067 

Legend: MAC – Obtaining natural extracts using the maceration technique; UAE – Obtaining natural extracts 
using the ultrasound assisted technique; P4 extract obtained from Narcissus poeticus; P5 extract obtained from 
Narcissus pseudonarcissus; P6 extract obtained from Narcissus double. 

3.2. Advanced Isolation of Galantamine Using Centrifugal Partition Chromatography  

Using this technique in the case of the Narcissus poeticus extract, the separation of galantamine 
was performed in the time range of 6.8-12 minutes. When the galantamine peak occurred, the 
separation and collection of the respective fraction in the above-mentioned time range was initiated. 
Subsequently, identification in fractions collected at the initial (6.8 min) and final (10 min) times, by 
using HPLC analysis of galantamine, was performed. 

The percentage of recovery of galantamine separated in the collection fraction was calculated 
(Table 3). 
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Table 3. Initial and final mean values from the advanced separation of galantamine using the CPC technique. 

Current 
Number 

Initial value of 
galantamine in the fraction 

collected by the method 
described above (mg/dL) 

Final  value of 
galantamine in the 

fraction collected by the 
method described above 

(mg/dl) 

Percentage of 
galantamine 

recovered (%) 

1 2.352±0.0025 2.231 ±0.0016 94.89 

Testing the cytotoxicity indirectly correlated with cell viability of galantamine obtained from 
natural extracts and that obtained by chemical synthesis on NIH3T3 mouse embryonic fibroblast cell 
line by applying MTT cell viability kit (Figure 3) 

 

Figure 3. Citotoxicity indirectly correlated with cell viability of galantamine on human fibroblasts in the case 
of the administration of the toxicant and the antidote compounds. Legend: T1 - diazinon concentration of 240 
µg/mL; T2 - diazinon concentration of 24 µg/mL; G1 - galantamine from natural extract 60 µg/mL; G2 - 
galantamine from natural extract 12 µg/mL; G3 - galantamine from natural extract 6 µg/mL; R1 - galantamine 
obtained by chemical synthesis 60 µg/mL; R2 - galantamine obtained by chemical synthesis 12 µg/mL; R3 - 
galantamine obtained by chemical synthesis 6 µg/m. 

The mean value of the cytotoxicity of diazinon was 44.37%±0.3 for the concentration of 240 
µg/mL and 53.46%±0.23 for the concentration of 24µg/mL. 

The mean values of cell viability indirectly correlated with cytotoxicity were the following: at a 
galantamine concentration of 60 µg/ml, the average value of natural galantamine obtained from the 
dry extract of Narcissus poeticus extract was 88.63%±0.3, while for galantamine obtained by chemical 
synthesis it was 91.47%±0.2; the concentration of 12 µg/ml, highlights a cell viability average value of 
97.77%±0.8 in the case of the natural compound and 97.27%±0.7 in the case of galantamine obtained 
by chemical synthesis; the average value of cell viability of natural galantamine atconcentrations of 6 
µg/ml was 99.79%±0.2; in the case of galantamine obtained by chemical synthesis, the average value 
of cell viability was 98.31%±0.4. 
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Fig. 3 Citotoxicity indirectly correlated with cell viability of galantamine on human 
fibroblasts in the case of the administration of the toxicant and the antidote 
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The mechanism of the organophosphorus compound Diazinon’s toxicity was similar to that of 
the chemical neurotoxic agents with military use: inhibition of acetylcholinesterase, oxidative 
aggression and apoptosis. 

Dry extracts were obtained from the bulbs of Amaryllidaceae, namely three Narcissus species 
(Narcissus poeticus, Narcissu. pseudonarcissus, Narcissus double) using maceration and ultrasound-
assisted technique. 

Quantification by HPLC analysis revealed that the dry extracts obtained by maceration showed 
a higher concentration of galantamine than those obtained by ultrasound-assisted extraction. 

The dry extract from Narcissus poeticus showed higher galantamine values than those in Narcissus 
pseudonarcissus and Narcissus double. 

The recovery of galantamine from the fraction collected from the extract of Narcissus poeticus, 
using the technique of partition chromatography, was achieved almost completely. 

When discussing cytotoxicity, indirectly correlated with cell viability, of galantamine from the 
dry extract and that of galantamine obtained by chemical synthesis by testing the cell viability using 
the MTT cell proliferation test on NIH3T3 mouse embryonic fibroblast cell lines, the following aspects 
should be considered, in accordance with the statistical analysis: toxicity of galantamine obtained 
from Narcissus poeticus extract, in concentrations of 60 µg/mL, is higher than that of galantamine 
obtained by chemical synthesis (p=0.003); mean values of natural galantamine toxicity in 
concentrations of 6 and 12µg/ml, did not differ in a statistically significant manner from those of the 
chemical compound (p=0.07); 

Evaluation, on NIH3T3 mouse embryonic fibroblast cell line, of the protective effect of 
galantamine obtained from natural extracts compared to that obtained by chemical synthesisby 
applying MTT test (Figure 4). 

 
Figure 4. The protective effect of the natural versus synthetic galantamine. Legend: T1 - diazinon concentration 
240 µg/mL; T2 - diazinon concentration 24 µg/mL; G1 - galantamine from natural extract 60 µg/mL; G2 - 
galantamine from natural extract 12 µg/mL; G3 - galantamine from natural extract 6 µg/mL; R1 - galantamine 
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Fig. 4 Cell viability correlated with the protective effect of galantamine 
in case of administration of the preventive treatment and the toxicant 
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by chemical synthesis 60 µg/mL; R2 - galantamine by chemical synthesis 12 µg/mL; R3 - galantamine by chemical 
synthesis 6 µg/mL. 

The evaluation of the protective effect directly correlated with cell viability, in case of exposure 
to the organophosphorus compound in concentrations of 240 µg/mL on mouse fibroblasts pretreated 
with the studied compounds in different concentrations, highlighted the following aspects: at 
concentrations of 60 µg/mL, the mean value of cell viability was 83.05%±0.52 in the case of 
galantamine obtained from Narcissus poeticus extract and 75.30%±0.45 in the case of galantamine 
obtained by chemical synthesis, in the case of concentrations of 12 µg/mL, the mean value of cell 
viability was 90.64%±0.43 for natural galantamine and 84.62%±0.26 for galantamine obtained by 
chemical synthesis; at concentrations of 6 µg/mL, the mean value of cell viability was 80.59%±0.33 in 
the case of galantamine from dry extract and 81.63%±0.54 in the case of galantamine obtained by 
chemical synthesis. 

The evaluation of the protective effect, in case of exposure to the organophosphorus compound 
in concentrations of 24 µg/mL of mouse fibroblasts pretreated with the studied compounds 
highlighted the following aspects: at concentrations of 60 µg/mL the mean value of cell viability was 
87.72%±0.33; in the case of galantamine obtained from Narcissus poeticus extract and 80.47%±0.18; in 
the case of galantamine obtained by chemical synthesis, the mean value was 94.29%±0.72 for natural 
galantamine and 87.84%±0.50 in the case of synthetic one, at concentrations of 12 µg/mL; at 
concentrations of 6 µg/mL, the average value of cell viability was 92.65%±0.53 for natural galantamine 
and 85.1%±0.82 in the case of galantamine obtained by chemical synthesis. 

In the case the NIH3T3 mouse embryonic fibroblast cell line that was pretreated with the 
antidote compounds and exposed to the organophosphorus compound in concentrations of 240 
µg/mL, which is close to lethal toxic concentration. The protective effect was emphasized by the 
following results in accordance with statistical analysis: galantamine in the dry extract, at a 
concentration of 12 µg/mL, resulted in higher cell viability and, implicitly, higher protective effect 
than that of galantamine obtained by chemical synthesis (p=0.003); due to the fact that the extract of 
Narcissus. poeticus may contain, in addition to galantamine, others antioxidants that could potentiate 
its activity. the protective effect did not differ significantly between the two compounds in 
concentration of 6 µg/mL (p=0,07); galantamine in the dry extract, at a concentration of 60 µg/mL, 
resulted in higher cell viability and protective effect than that of galantamine obtained by chemical 
synthesis (p=0,002) but it is more toxic; therefore, this concentration could not represent a starting 
point for an antidote formulation option. 

In case of exposure to the organophosphate in concentrations of 24 µg/mL, representing values 
ten times lower than the lethal toxic concentrations, the following should be noted: galantamine in 
the dry extract at a concentration of 6,12 and 60 µg/mL resulted in higher protective effect than that 
of galantamine obtained by chemical synthesis;  

-galantamine in the dry extract at a concentration of 60 µg/mL resulted in higher cell viability 
than galantamine obtained by chemical synthesis. 

The protective effects of galantamine in the case of these concentrations of diazinon cannot 
therefore constitute a starting point for future research, because protection at the highest dose of the 
toxic compound is considered effective. 

Emphasis of the cytotoxicity indirectly correlated with cell viability of galantamine from the dry 
extract and that of galantamine obtained by chemical synthesis by testing cell viability using the MTT 
cell viability test on rat neuronal cell line (R HY -501-rat hippocampal cell line) (Figure 5). 
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Figure 5. Citotoxicity of galantamine, indirectly correlated with cell viability on rat hippocampal neurons in 
the case of administering the toxic and antidote compounds. Legend: T1 - diazinon concentration 240 µg/mL; 
T2 - diazinon concentration 24 µg/mL; G1 - galantamine from natural extract 60 µg/mL; G2 - galantamine from 
natural extract 12 µg/mL; G3 - galantamine from natural extract 6 µg/mL; R1 - galantamine by chemical synthesis 
60 µg/mL; R2 - galantamine by chemical synthesis 12 µg/mL; R3 - galantamine by chemical synthesis 6 µg/mL. 

The mean value of cytotoxicity of galantamine obtained from dry extract at concentrations of 60 
µg/mL was 74.09%±0.32; the mean value of galantamine obtained by chemical synthesis was 
81.30%±0.15.the mean value of cytotoxicity of natural galantamine in concentrations of 12 µg/mL was 
84.67%±0.46, the mean value of galantamine obtained by chemical synthesis was 84.57%±0.6. The 
mean value of cytotoxicity of natural galantamine in concentrations of 6 µg/mL was 91.63%±0.07. The 
mean value of cell viability of galantamine obtained by chemical synthesis was 88.90%±0.55. The 
results revealed that: the toxicity of galantamine obtained from natural extract in concentrations of 
60 µg/mL is higher than that of galantamine obtained by chemical synthesis (p=0.002); the toxicity of 
galantamine obtained from Narcissus poeticus extract in concentrations of 6 and 12 µg/mL is 
comparable to that of galantamine obtained using chemical synthesis ( the average values did not 
differ in a statistically significant manner for concentrations of 6 and 12 µg/mL (p=0.06 and 
respectively p=0.5;). 

Emphasis of the neuroprotective effect of galantamine from the natural extract and that obtained 
using chemical synthesis by using the MTT cell proliferation test on a rat neuronal cell line (R HY -
501-rat hippocampal cell line) is represented in Figure 6. 
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Fig. 4 Cell viability correlated with the protective effect of galantamine in case of 
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Figure 6. Cell viability concerning the protective effect of galantamine on rat hippocampal neurons in the 
case of the administration of the toxicant together with the antidote compounds. Legend; T1 - diazinon conc 
240 µg/mL; T2 - diazinon conc 24 µg/mL; G1 - galantamine from natural extract 60 µg/mL; G2 - galantamine 
from natural extract 12 µg/mL; G3 - galantamine from natural extract 6 µg/mL; R1 - galantamine using chemical 
synthesis 60 µg/mL; R2 - galantamine using chemical synthesis 12 µg/mL; R3 - galantamine using chemical 
synthesis 6 µg/mL. 

The evaluation of the neuroprotective effect in the case of exposure to the organophosphorus 
compound in concentrations of 240 µg/mL on rat hippocampal neurons cell line, which was 
pretreated with the antidote compounds in concentrations of 60 µg/mL, revealed mean values of cell 
viability of 73.36%±0.2 (galantamine from natural extract) and 84.06±0.5 (galantamine obtained 
through chemical synthesis).  

Exposure to the organophosphorus compound in concentrations of 240 µg/mL in a rat 
hippocampal neurons cell line pretreated with the antidote compounds in concentrations of 12 µg/mL 
revealed mean values of cell viability of 91.37%±0.4 (galantamine from natural extract) and 89.16 ± 
0.5 (galantamine obtained by chemical synthesis). The same concentration of organophosphate in rat 
hippocampal neurons cell line pretreated with the antidotes in concentrations of 6 µg/mL revealed 
mean values of cell viability of 88.46%±0.53 (galantamine from natural extract) and 83.77±0.42 
(galantamine by chemical synthesis). In the case of exposure to the organophosphorus compound in 
concentrations of 24 µg/mL on rat hippocampal neurons cell line pretreated with the antidote 
compounds in concentrations of 60 µg/mL revealed mean values of cell viability of 82.03%±0.61 
(galantamine from natural extract) and 86.84±0.43 (galantamine by chemical synthesis). Exposure to 
the same concentration of organophosphorus compound of a rat hippocampal neurons cell line 
pretreated with the antidote compounds in concentrations of 12 µg/mL revealed mean values of 
94.83%±0.20 for galantamine from natural extract and 91.29±0.15 for the synthetic one. In case of 
pretreatment at concentration of concentration of 6 µg/mL the main values of cell viability were 
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90.55%±0.43 in case of galantamine from natural extract and 89.55±0.62 for galantamine using 
chemical synthesis. 

A cell line of hippocampal neurons was chosen for the study, as this region of the paleocortex is 
known to contain a high number of cholinergic synapses and high concentrations of the cholinergic 
neurotransmitter acetylcholine. The central acetylcholinesterase, involved in the degradation of 
acetylcholine, is considered the major mechanism of the immediate neurotoxicity of 
organophosphorus insecticides. Highlighting of the neuroprotective effect by assessing cell viability 
in the case of exposure of the rat hippocampal neurons cell line to the organophosphorus compound 
in concentrations of 240 µg/mL, with pretreatment with the studied compounds, at concentration of 
12 µg/mL emphasized comparable values of the neuroprotective effect in the case of the two studied 
compounds (p=0.4) 

The evaluation of the protective effect by assessing cell viability in the case of exposure of the rat 
hippocampal neurons cell line to the organophosphorus compound in concentrations of 24 µg/mL, 
with pretreatment with the studied compounds, emphasized the following aspects: the protective 
effect offered by natural galantamine at concentration of 12 µg/mL is higher than that of the synthetic 
one (p=0.03). These values were lower than those of the synthetic compound in the case of 
concentrations of 6 and 60 µg/mL, (p=0.009 and p=0.002, respectively). 

4. Conclusions 

-The mean percentage values of cell viability induced on human fibroblasts and rat neuronal cell 
by the two concentrations of the organophosphorus compound, tested and pretreated with the three 
concentrations of galantamine extracts, are correlated in direct proportion to the concentrations used. 

-Neuronal cells in the hippocampus are more sensitive than fibroblasts to the action of the 
organophosphorus compound and treatment. 

-High concentrations of galantamine from dry extracts are more toxic than concentrations of 
galantamine obtained through chemical synthesis. 

-The protective effect offered by galantamine obtained from the extract was superior to the 
synthetic compound under experimental conditions, at a concentration of 12 µg/mL, with lower 
environmental impact. 
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