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A B S T R A C T   

In recent years, the scientific community has focused on traditional natural products and their 
potential therapeutic benefits. Berberine is a plant-derived isoquinoline alkaloid with a variety of 
biological properties and identified as a promising pharmacophore for discovering new thera-
peutic agents against various diseases. However, unfavorable pharmacokinetic properties of 
berberine have limited its clinical application so much that researchers pursue its structure 
modification to overcome this problem. This study focuses on the synthesis of new berberine 
derivatives to improve its antioxidant and antimicrobial potentials, which were characterized 
using CHNO and NMR instruments. Berberine extracted from barberry root was nitrated, reduced 
to amine and condensed with benzaldehyde derivatives to produce berberine-based Schiff bases. 
The H atom donating ability of all compounds was measured against DPPH free radicals, with IC50 
values ranging from 18.28 to 108.20 μg ml− 1. All berberine-based Schiff bases exhibited stronger 
antioxidant activity than nitro-berberine and amino-berberine. Only Schiff base derived from 4- 
hydroxybenzaldehyde showed slightly better antioxidant effects than original berberine. The 
inhibitory effects of the synthesized compounds were evaluated against important pathogenic 
fungal and bacterial strains using disk diffusion assays, with inhibition zone diameters ranging 
from 8.36 to 25.48 μg ml− 1. Berberine itself only affected Candida albicans fungus. Nitrated 
berberine was effective against all microorganisms except Gram-negative Acinetobacter baumannii. 
The results suggest that structural modifications and functionalization can enhance the antimi-
crobial and antioxidant properties of berberine.   

1. Introduction 

Isoquinoline alkaloids are the second-largest group of herbal alkaloids with a wide range of biological properties including anti- 
tumor, anti-microbial, anti-inflammatory, narcotic, anti-tussive, anti-oxidant and analgesic [1–5]. Berberine, a naturally occurring 
isoquinoline-based quaternary alkaloid, is one of the most important alkaloids found in barberry root bark, which is also known as 
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Coptis rhizome. It is a yellow solid nearly insoluble in water with a bitter taste [6,7]. Recent studies showed that berberine had 
antioxidant [8], anti-tumor [9], anti-inflammatory [10], anti-fungal [11], anti-mutagenic [12], anti-diabetic [13], blood 
sugar-lowering [14], cholesterol-lowering [15], neuroprotective and liver-protecting effects [16]. The intestine and liver both play 
crucial roles in the metabolism of berberine. In liver cells, it is metabolized with the assistance of cytochromes and UDP 
glucuronosyltransferases. 

The treatment of infectious diseases caused by drug-resistant fungal and bacterial strains is becoming increasingly challenging 
[17–19]. Synthesizing new antimicrobial agents is one way to combat these strains [20,21]. Schiff bases are a significant family of 
organic compounds that have made substantial contributions to the advancement of science, particularly in medicinal chemistry [22, 
23]. They are promising target molecules due to their various pharmacological and biological properties, including but not limited to 
analgesic, antiviral, antimalarial, anti-inflammatory and antiproliferative [24–26]. Among them, antimicrobial activities have 
received significant attention. Typically, they inhibit the growth of target microorganisms by intercalating and/or cleaving their DNA. 
Recent studies have shown that conjugating Schiff bases with chitosan, amino acids or nanoparticles can enhance their antimicrobial 
effects [27]. Schiff bases feature a C––N bond or imine group and are usually synthesized via condensation of primary amine with 
carbonyl compounds (Scheme 1) [28–31]. These compounds were first discovered and named in 1846 by the Italian chemist Hugo 
Joseph Schiff [32–34]. 

The biological properties of berberine can be improved through structural changes and functionalization [35,36]. Researchers have 
focused on designing and synthesizing new berberine derivatives with enhanced biological activities through modifications at posi-
tions especially C8, C9, C10, C12 and C13 [37,38]. Fig. 1 illustrates the different functionalization sites of berberine. Modifications at 
the C12 position, in particular, have been shown to increase its antimicrobial, antiviral, and anticancer properties [39]. 

Traditional and modern medicinal applications of berberine derivatives have encouraged us to synthesize new berberine-based 
Schiff bases [40,41]. In this purpose, berberine was extracted from barberry root, substituted at the C12 position, condensed with 
nine benzaldehyde derivatives to generate new Schiff bases. Finally, the inhibitory effect of the synthesized derivatives was investi-
gated against DPPH (2,2-diphenyl-1-picrylhydrazyl) free radicals and human pathogenic microbes including Klebsiella pneumoniae, 
Escherichia coli, Acinetobacter baumannii, Pseudomonas aeruginosa, Staphylococcus aureus, Aspergillus fumigatus, Staphylococcus epidermis 
and Candida albicans. 

2. Experimental 

Notegeneral remarks, step by step identification of the phytochemical properties of barberry root extract and spectral data of the 
synthesized compounds are given in supplementary file. 

2.1. Preparation of berberine from barberry root extract 

Barberry root was collected from Birjand, Iran. The roots were dried in the shade and powdered with a mechanical mill. Methanolic 
extract was prepared by soaking 150 g of root bark powder in 500 ml of methanol for 72 h. The extract was filtered through filter paper, 
and concentrated under the hood for 2 h. Finally, berberine chloride was obtained from concentrated extract. 

2.2. Preparation of nitro-berberine chloride 2 

Under stirring conditions at 0 ◦C, sodium nitrite (0.9 g) was added to a solution of berberine chloride 1 (1 g) in acetic acid (35 ml). 
Then, concentrated HNO3 (1.5 ml) was added dropwise to it and stirred at 0 ◦C for another 5 min. The reaction mixture was heated at 
50 ◦C for 1 h, before quenching by addition of water (30 ml), and extracted three times using a chloroform/methanol solution (v/v =
10:1). The organic layer (CHCl3 phase) was concentrated under reduced pressure, and the residue was purified using a silica gel plate 
with a mixture of chloroform/methanol (v/v = 20:1) to yield a red solid. 

2.3. Preparation of amino-berberine chloride 3 

SnCl2⋅2H2O (0.43 g) and HCl (0.5 ml) were added to a flask containing ethanolic solution of nitrated berberine 2 (0.2 g; 8 ml), and 
the mixture was refluxed for 30 min. After completion of the reaction, the solvent was removed under reduced pressure. A 5 % NaOH 
aqueous solution was added dropwise to the residue to adjust the pH to 10. The resulting solution was extracted three times using n- 
butanol (3 × 20 ml). The organic layer was concentrated under reduced pressure, and the residue was purified using a silica gel plate 
with a mixture of chloroform/methanol (v/v = 15:1) to yield a red solid. 

Scheme 1. General procedure for the formation of Schiff bases.  
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2.4. Preparation of berberine Schiff bases 

0.5 mmol of benzaldehyde derivatives 4a-i were added to a solution including amino-berberine 3 (0.5 mmol; 0.088 g) in 5 ml of 
ethanol, and the mixture was stirred at room temperature for 2 h. The obtained sediment was filtered and washed twice with ethanol to 
remove unreacted aldehydes. The solid was dried under room temperature for 24 h to achieve Schiff bases 5a-i. 

2.5. Biological testing 

E. coli (PTCC 1399, ATCC 25922), P. aeruginosa (PTCC 1310. ATCC 10145), K. pneumoniae (PTCC 1290, NCTC 5056) and 
A. baumannii (PTCC 1855, ATCC BAA-747) as Gram-negative bacterial strains, S. epidermidis (PTCC 1435, ATCC 14990) and S. pyogenes 
(PTCC 1447, ATCC 12204) as Gram-positive bacterial strains and C. albicans (PTCC 5027, ATCC 10231) and A. fumigatus (PTCC 5009) 
as fungal strains were purchased from the Persian Type Culture Collection (PTCC), Karaj, Iran. DPPH free radical scavenging assay and 
disk diffusion susceptibility test were performed to determine IC50 (the half maximal inhibitory concentration) and inhibition zone 

Fig. 1. Various sites for structural modification in berberine scaffold.  

Scheme 2. Schematic of amino-berberine synthesis.  
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diameter (IZD) values, respectively [42,43]. In antimicrobial experiments, all derivatives were dissolved in DMSO to give initial 
concentrations of 10 mg ml− 1. The results of biological tests were expressed as the average of three independent experiments. Data 
were analyzed statistically by ANOVA and Tukey’s tests at a significance level of P Value < 0.05 using the SPSS statistical software 
(version 22). 

3. Results and discussion 

Berberine is an important protoberberine isoquinoline alkaloid with various pharmacological activities such as antidiabetic, 
anticancer, antimicrobial, immunomodulatory, antitumor, and glucose- and cholesterol-lowering [44]. Chemical modification of 
natural products is an effective method to enhance their pharmaceutical activities [45]. To improve medicinal properties of berberine, 
it was extracted from barberry root, nitrated, reduced to a primary amine. Amino-berberine was then condensed with benzaldehyde 
derivatives to semi-synthesize new herbal Schiff bases (Scheme 2). 

Phytochemical screening, structural characterization, reaction optimization, preparation of new derivatives, and antioxidant and 
antimicrobial examination of berberine and its functionalized derivatives were performed in this study. Methanolic, aqueous, and 
ethanolic extracts were separately prepared from barberry root by adding a specific amount of solvent to the sample and soaking at 
ambient temperature for 72 h. The extracts were filtered and used for phytochemical tests, and the results described in Table 1. The 
signs (+) and (− ) indicate the presence or the absence of phytochemical compounds. According to the table, the methanolic extract had 
more secondary metabolites than the other two extracts, showing the presence of alkaloids, flavonoids, tannins, carbohydrates, 
phenols, and terpenes, and the absence of steroids, proteins, and anthocyanins. 

Berberine and its nitrated and aminated derivatives were identified using FT-IR spectroscopy, which shown in Fig. 2. In FT-IR 
spectra, the broad absorption band at 1000-1300 cm− 1 are attributed to stretching vibrations of C–N and C–O bonds, which are 
typical for alkaloids. In the spectrum of nitro-berberine (Fig. 1b), the symmetric and asymmetric strong absorption bands at 1362 cm− 1 

and 1506 cm− 1 are attributed to NO2 stretching vibrations. Meanwhile, in the spectrum of amino berberine (Fig. 1b), notable removal 
related to the nitro group and the absorptions of the amine group are observed in the region of 1602 cm− 1 and 3224-3419 cm− 1. The 
amine group in the 1602 cm− 1 and 3224-3419 cm− 1 region overlaps with the functional groups of the berberine structure. Importantly, 
the peak intensity in this region is significantly higher compared to other spectra, which confirms the presence of the amine group in 
the berberine structure. The peaks observed at 1400–1450, 1655 and 2950-3120 cm− 1 show stretching vibrations of aromatic C––C, 
C––N+, and aliphatic/aromatic C–H bonds, respectively. 

After characterizing aminoberberine, its activity in the conversion to a Schiff base was examined. Various parameters affecting this 
process were investigated, including solvent effects (H2O, EtOH, CH3CN, CH2Cl2, EtOH/H2O), temperature (25–90 ◦C), and reaction 
time (15–120 min), as depicted in Figs. 4 and 5. To synthesize berberine Schiff bases under optimized conditions, a condensation 
reaction was conducted between 1 mmol of amino-berberine and 1 mmol of benzaldehyde, serving as the model reaction, in a 5 ml 
solvent at 50 ◦C (Fig. 3). Among the tested solvents, EtOH yielded the highest Schiff base yield. 

Subsequently, temperature optimization (ranging from 25 to 90 ◦C) and time optimization (ranging from 15 to 120 min) were 
performed in EtOH (Fig. 4), confirming that room temperature (25 ◦C) was the optimal condition. Within the time range of 15–90 min, 
it was observed that prolonging the reaction time beyond 30 min did not significantly affect the synthesis of the Schiff base. Thus, the 
optimized conditions were determined as room temperature and a reaction time of 30 min. 

Various berberine Schiff bases were prepared under the optimized conditions, as summarized in Table 2. No significant relationship 
was observed between the reactivity of benzaldehydes with berberine, only the lowest yields were obtained with both nitro-
benzaldehyde derivatives 4c and 4d. 

Free radicals scavenging ability of all products was studied against DPPH as a valid protocol (Fig. 5). Ascorbic acid (vitamin C, ASA) 
was used as control. Standard divisions of mean IC50 values were in the range of 0.28–4.43. Notable antioxidant effects were observed 
with berberine. Nitration and amination reduced these effects, in fact, the least effects were observed with nitro-berberine 2. All Schiff 
bases derived from amino-berberine showed stronger effects than the original amine and their antioxidant properties were approxi-
mately equal to berberine. Among the Schiff bases, the increase in Schiff base 5g containing 4-hydroxyphenyl substituent has been 
more significant. it was also the only compound more effective than berberine. Antioxidant capacity of Mannich bases piperazine 
linked berberine was determined via ABTS (2,2′-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid), DPPH and FRAP (ferric reducing 
ability of plasma) assays [46], their IC50 values against DPPH and ABTS free radicals were ranged in 12.17–23.86 and 4.644–12.96 μg 
ml− 1, respectively. 

Blocking properties of all derivatives were evaluated against bacterial and fungal pathogens and expressed as IZD values in Fig. 6) 

Table 1 
Preliminary phytochemical investigation of barberry root extracts.  

Phytochemical Test Alkaloid Terpenoid Steroid Tannin Anthocyanin Carbohydrate Protein Flavonoid Total phenol 

MEB + + – + – + – + +

EEB + – – + – + – + +

AEB – – – – – + – + – 

MEB: Methanolic extract of berberine; EEB: Ethanolic extract of berberine; AEB: Aqueous extract of berberine. 
(+) indicates presence of constituents; (− ) indicates absence of constituents. 
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Fig. 2. FT-IR spectra of (a) berberine, (b) nitro-berberine, and (c) amino-berberine.  

Fig. 3. Effect of solvent on the Schiff Base yield Reaction conditions: Amino-berberine (0.5 mmol), benzaldehyde (0.5 mmol), Solvent (5 ml), Temp. 
(50 ◦C), Time (120 min). 
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a-h(. Ceftriaxone (CFX) and ketoconazole (KTZ) were applied as antibiotic and antifungal drug, respectively. Standard divisions of 
mean IZD values were in the range of 1.17–3.62. 

Nitro-berberine 2 could inhibit the growth of all tested microorganisms except A. baumannii. No blocking activity was observed 
against tested bacterial strains with berberine 1 and its aminated derivative 3. Amino-berberine 3 could only inhibit the growth of two 
tested fungal strains. No antimicrobial effect was observed with Schiff bases 5e and 5h. Compounds including berberine 1 and Schiff 
bases 5a, 5b, 5e were only effective on a microbial strain. Among the synthesized derivatives, nitro-berberine 2 and Schiff base 5c were 
the only effective agents on S. pyogenes and A. baumannii strains, respectively. Tetrahydro protoberberine-based Schiff bases containing 
1,2,4-triazole have been synthesized as potent antimicrobial agents [47]. Some of them showed better inhibitory activities than 
berberine, chloromycin, norfloxacin and fluconazole. Interaction of the most active derivative with MRSA DNA and calf thymus DNA 
was studied using molecular docking calculations and UV–Vis absorption spectroscopy to suggested its antibacterial action mecha-
nism. It was suggested that it has dual-targeting antibacterial agent can inhibit the growth of bacteria by cleaving and/or intercalating 
bacterial DNA. A series of berberine-based Schiff bases containing 2-aminothiazolyl moieties were synthesized as inhibitory agents 
against some standard Gram-negative and Gram-positive bacterial strains as well as clinically drug-resistant A. baumanii with MICs 
ranged from 0.03 to 0.95 μM [48]. 

Fig. 4. Effect of temperature and time on the Schiff Base yield Reaction conditions: Amino-berberine (0.5 mmol), benzaldehyde (0.5 mmol), EtOH 
(5 ml). 

Fig. 5. DPPH free radical scavenging activity as an antioxidant indicator of berberine-based derivatives.  
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Table 2 
Synthesis of berberine Schiff bases 5a-i. 
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4. Conclusion 

In this study, an attempt was made to semi-synthesize new derivatives based on the berberine natural product with possible 
enhanced antimicrobial and antioxidant properties. In this purpose, berberine was nitrated, aminated and condensed with a variety of 
benzaldehydes to produce the corresponding Schiff bases at yields 70–88 %. Nitrated berberine demonstrated the broad-spectrum 
antimicrobial activities, and all Schiff bases exhibited IC50 values ≤ 37.74 μg ml− 1, indicating their antioxidant potentials in pre-
venting and/or eliminating oxidative stress. These findings suggest that the synthesized berberine-based derivatives are promising 
candidates for developing new antimicrobial and antioxidant agents. Compared to berberine-based derivatives, they are easily pre-
pared and also have acceptable to interesting biological effects. According to the obtained results, the antioxidant and antimicrobial 
capacities of berberine will probably be improved through hydroxylation as well as nitration or chlorination, respectively. 
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