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Hemi-synthesis, a process widely used in pharmacological research, consists of a modification in the chemical structure 
of a natural product in order to improve its activity and/or to reduce its side effects. Two carvacrol-derivatives (P1 and P2) 
have been synthetized using reactions of alkylation by binding alkan groups at the hydroxyl group of carvacrol. NMR 
analysis was performed for synthetized derivatives to confirm the success of the reactions. Then, cytotoxic activity, against 
two tumour cell lines (P-815 and MCF-7), and antibacterial activity of carvacrol, P1 and P2 were performed. Cytotoxicity 
was measured using the colourimetric methyl tetrazolium test (MTT) and antimicrobial activity was measured using the 
diffusion technique on solid media and the determination of CMI on liquid media. Our results show that chemical 
modifications made on carvacrol have no effect on its antitumor activity. However, an important decrease of its antibacterial 
activity was observed, especially for P1. Our results suggest that hydroxyl group at this position of the molecule may be 
responsible for carvacrol antibacterial activity, while the other parts of the molecule may be responsible for its antitumor 
activity. On the other hand, introduced modifications may affect mechanism of action of the molecules as well as its 
pharmacokinetics properties. 
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Introduction 
Hemisynthesis is an important process used to 

improve the efficiency and reduce the toxicity of 
chemical molécules1-4. In fact, providing modifications 
to the chemical structure of bioactive molecule could 
lead to change its pharmacokinetics and/or 
pharmacodynamics properties. This could affect its 
pharmacological effect by improving its activity and/or 
by reducing its toxicity5,6. The effect of chemical 
structure modification on pharmacological activity of 
molecules was reported in the literature. In fact, over 
the years, several structure-activity and side-effect 
relationships of fluoroquinolones, antibacterial class, 
have been developed. Subsequent developments 
produced quinolones with important improvements in 
either solubility (ofloxacin), antimicrobial activity 
(ciprofloxacin), prolonged serum half-life (pefloxacin), 
or reduced undesirable side-effects7,8. Also, Molecules 
with potential anticancer effect are among the products 
the most studied in this sense3,4,9,10.  

Natural products are increasingly being explored 
because of their valuable therapeutic properties. 
However, like synthetic molecules, their systemic 
toxicity is a limit to their success10-12. In a previous 
study by the authors13, it was reported that carvacrol, 
natural product of thyme essential oil, has an 
important in vitro and in vivo antitumoral effect. In 
order to increase its activity and/or decrease its 
toxicity on the normal cells, authors synthesized two 
carvacrol-derivatives by providing modifications to 
the chemical structure of this natural molecule. In this 
research, after synthesis of the carvacrol-derivatives, 
cytotoxic effect against tumour cell lines, and their 
antibacterial effect in comparison to that of carvacrol 
were tested. 

Materials and Methods 

Carvacrol-derivatives synthesis 
Two carvacrol-derivatives (P1 and P2) have been 
synthetized using reactions of alkylation by grafting 
alkan at the hydroxyl group of carvacrol. The grafted 
alkans are the allyl-bromide (CH2═CH─CH2─Br) and 
3-Br-propanoate d’ethyle (Br─CH2─CH2─CO─OEt).

—————— 
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The molecules obtained are P1 and P2, respectively. 
The reactions were realised as follow:  

Exactly 0.5 g (3.3 moles) of carvacrol and  
3.3 moles of natrium ethanoate were made  
in an erlenmeyer flask in the presence of 50 mL of 
THFA (Tetrahydrofolate) and agitated for 15 to  
20 minutes. Afterwards, 3.3 moles of the alcan was 
added to the graft and continued to agitate until the 
end of the reaction. At time intervals, CCM layer 
chromatography is realized to monitor the progress of 
the reaction. This reaction is considered as finished 
when only one spot corresponding to the new 
synthesized product remains. 
 

NMR analysis 
1H and 13C NMR spectra were recorded in CDCl3 

and solution (unless otherwise specified) with TMS as 
an internal reference using a Bruker AC 300-MHz 
(1H) or 75-MHz (13C) instruments; chemical shifts are 
given in δ ppm downfield from TMS. Multiplicities of 
13C NMR resources were assigned by distortionless 
enhancement by polarization transfer (DEPT) 
experiments. 
 

In vitro cytotoxic effect of carvacrol and carvacrol-derivatives 
against tumour cell lines 

The cytotoxic activity was studied against two 
tumour cell lines (P-815 (murine mastocytoma) and 
MCF-7 (Breast cancer). Cytotoxicity was measured 
using the colourimetric Methyl Tetrazolium Test 
(MTT) assay as described and modified by Tim 
Mosmann14. The target cells were washed twice and 
placed in 96-well microtiter plates (Bioster, Italy) at a 
density of 1.5.105 cells/mL in 100 μL/well of culture 
medium (DMEM supplemented with 5% FCS and 1% 
of penicillin and streptomycin). Then, 100 μL of 
culture medium containing the specified concentration 
of the tested molecules was added in each well. After 
exposure of cells to serial concentrations of tested 
products for 48 h at 37°C and 5% CO2, 100 μL of 
culture medium were carefully aspirated from each 
well and replaced by 20 μL of MTT solution  
(5 mg/mL of PBS). After incubation in the same 
conditions for 4 h, the plates were treated with a 
solution of HCl and isopropanol (24:1) to dissolve  
the blue intracellular formazan product. One hour 
later, the plates were read in a MicroELISA reader at 
590 nm. 
 

Antibacterial activity 
In order to evaluate the impact of our chemical 

modifications on the antibacterial activity, the three 
molecules (carvacrol, P1 and P2) were tested against 

Escherichia coli, for antimicrobial activity using the 
diffusion technique on solid media and determination 
of CMI on liquid media.  
 

Diffusion technique on solid media 
In the experiments, bacterial suspensions of 

1.5x108 UFC/ mL or 0.5 McFarland density obtained 
from 15-18 h bacterial cultures developed on solid 
media was used. Solutions of the compounds in 
DMSO (dimethyl sulfoxide) was used. Exactly 10 μL 
of the compound solution was equally distributed on 
the paper filter disks (8 mm diameter) placed on Petri 
dishes previously seeded with the tested bacterial 
strain inoculum. The plates were then incubated for 
24 h at 37°C. The results were recorded by measuring 
the zones of growth inhibition surrounding the 
cylinders. Control cylinders contained 100 mL of 
dimethyl sulfoxide (DMSO). In addition, gentamycin, 
ampicillin, and streptomycin were used as controls in 
the assay. 
 

CMI determination by Broth microdilution method  
This test was realised in order to establish the 

minimal inhibitory concentration (MIC) of the  
tested products (carvacrol, P1, and P2). The test  
was carried out in 96-well flat-bottom microplates 
with sterile covers. Preparation of the bacterial 
suspension began at the moment that growth was 
first observed on the solid medium. After agitation, 
the suspension was transferred into another tube 
containing sterile distilled water, until turbidity 
similar to the McFarland turbidity standard of  
1 was achieved. Then, bacterial suspension was 
exposed to serial dilutions of the tested products. 
Microplate was sealed with plastic film and 
remained in the incubator at 37°C for 24 h.  
The MIC was then determined, defined as the lowest 
molecule concentration capable of 90% inhibiting 
bacterial growth. 
 

Statistical analysis 
The individual data values are presented as the 

arithmetic mean±SD (standard deviation). The 
statistical significance of the results obtained from  
in vitro studies was evaluated by the Student’s t-test 
or by ANOVA at P <0.05, using STATISTICA 
software. 
 
Results 
 

Carvacrol-derivatives synthesis 
Synthesis of the two carvacrol-derivatives was 

realised by reactions of alkylation. The molecules 
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obtained (P1 and P2) (Fig 1, 2, 3) and NMR analysis 
results are represented below: 

NMR1H (CDCl3) : δ(ppm) 1.33 (d, 6H, 2CH3,  
J = 6.9Hz), 2.31 (s, 3H, CH3), 2.95 (m, 1H, CH, 
J = 6.9Hz), 4.63 (dt, 2H, CH2O, J = 1.6Hz et 5.1Hz), 
5.36 (dq,1H,=CH, J = 1.5Hz, 10.5Hz), 5.52 
(dq,1H,=CH, J = 1.7Hz, 17.2Hz), 6.16 (m, 1H, =CH), 
6.78 (s, 1H, H-Ar), 6.83 (dd, 1H, H-Ar, J = 1.5Hz et 
7.6Hz), 7.15 (d, 1H, H-Ar, J = 7.6Hz).  

NMR13C (CDCl3): δ (ppm) 15.9 (CH3), 24.2 
(2CH3), 32.0 (CH), 34.2 (CH3), 68.8 (CH20), 109.9 
(=CH), 116.8(=CH2), 117.9 (=CH), 124.3 (Cq), 130.5 
(=CH), 133.9 (=CH), 147.8 (Cq), 156.7 (Cq).  

NMR1H (CDCl3) : δ(ppm) 1.28 (d, 6H, 2CH3, J = 
6.9Hz), 1.36 (t, 3H, CH3, J = 7.1Hz), 2.29 (s, 3H, 
CH3), 2.91 (m, 1H, CH, J = 6.9Hz), 2.98 (t, 2H, CH2, 
J = 6.8Hz), 3.64 (t, 2H, CH2O, J = 6.8Hz), 4.28 (q, 
2H, CH2O, J = 7.1Hz), 6.73 (d, 1H, H-Ar, J = 1.5Hz), 
6.78 (dd, 1H, H-Ar, J = 1.5Hz et 7.6Hz), 7.10 (d, 1H, 
H-Ar, J = 7.6Hz).

NMR13C (CDCl3): δ (ppm) 14.2 (CH3), 15.5
(CH3), 24.1 (2CH3), 25.9 (CH2), 33.7 (CH), 34.2 
(CH3), 61.4 (CH2O), 68.8 (CH2O), 113.2 (=CH), 
118.6 (=CH), 121.3 (Cq), 130.9 (=CH), 148.3 (Cq), 
153.9 (Cq), 171.2 (CO).  

In vitro cytotoxic effect of carvacrol and carvacrol-derivatives 
against tumour cell lines 

The antitumor activity of carvacrol and its two 
derivatives was evaluated against two tumour cell 
lines (P-815 and MCF-7). The results obtained are 
summarized in Tables 1, 2, and 3. In order to compare 

the three molecules effects, their IC50 (i.e. the 
concentration at which 50% of the lytic activity was 
reached) was calculated. Against P-815, IC50 (in % 
v/v) values are 1.4 x 10–3, 1.6 x 10–3 and 1.2 x 10–3 for 
carvacrol, P1 and P2, respectively. Against MCF-7, 
IC50 values are 1.65 x 10–3, 1.8 x 10–3 and 2.05 x 10–3 
for carvacrol, P1, and P2, respectively. 
These results show that there is no significant 
difference in the effect of the three molecules against 
the tumour cell lines tested (P <0.05). 

Fig. 1 — a) The carvacrol-derivative P1 has been synthetized using reaction of alkylation by grafting the allyl-bromide 
(CH2═CH─CH2─Br) at the hydroxyl group of carvacrol; b) The carvacrol-derivative P2 has been synthetized using reactions of
alkylation by grafting 3-Br-propanoate d’ethyle (Br─CH2─CH2─CO─OEt) at the hydroxyl group of carvacrol.  

Fig. 2 — 2-(alloyloxy)-4-isopropy1-1-methylbenzene (P1). 

Fig. 3 — Ethyl 3-(5-isopropyl-2-methylphenoxy)propanoate (P2). 
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Table 1 — In vitro cytotoxic effect of carvacrol, P1 and P2 
against P-815 tumour cell line 

Concentration (% v/v) 103 

 0.5 1.5 4.5 6.25 
Carvacrol 28.23(±2.12) 51.12(±4.78) 58.05(±5.01) 61.76(±5.43) 
P1 38.23(±3.09) 49.13(±3.22) 54.45(±2.17) 56.6(±6.09) 
P2 40.43(±5.02) 54.5(±4.42) 56.71(±2.98) 56.89(±4.68) 
 

Table 2 — In vitro cytotoxic effect of carvacrol, P1 and P2 
against MCF7 tumour cell line 

Concentration (% v/v) 103 

%Lysis 
 0.5 1.5 4.5 6.25 
Carvacrol 31.77(±2.32) 88.16(±12.1) 89.71(±9.62) 94.24(±12.2) 
P1 37.17(±3.12) 80.32(±7.12) 90.70(±9.94) 93.70(±13.1) 
P2 24.49(±2.09) 83.10(±8.23) 88.65(±7.89) 90.34(±9.99) 
 

Table 3 — IC50 (in % v/v x 103 ) values of the molecules against 
tumour cell lines tested (P <0.05) 

 P-815 MCF-7 
Carvacrol 1.4(± 0.12) 1.65(± 0.09) 
P1 1.6(± 0.14) 1.8(± 0.11) 
P2 1.2(± 0.12) 2.05(± 0.17) 
 

 
 

Fig. 4 — Antibacterial activity of carvacrol, P1 and P2 on solid 
media. 
 
Antibacterial activity 
 

Diffusion on solid media 
Reading of results was performed by measuring the 

microbial growth inhibition zones around the filter 
disks impregnated with the testing compounds. The 
results show an important antibacterial effect of 
carvacrol with an inhibition zone of 12 mm. However, 
P1 and P2 have no effect against the tested bacteria 
since no inhibition zone was observed (Fig. 4). 
 

Broth microdilution method  
Broth microdilution method in 96-well microplates 

was conducted in order to establish the minimal 

inhibitory concentration (MIC). Comparing 
antibacterial effect of the tree tested molecules,  
our results show that carvacrol has the most  
important effect. In fact, the minimal inhibitory 
concentrations (MICs) of carvacrol, P1, and P2 were 
3.45, 6.54 and >12.5 v/V respectively. 
 

Discussion 
Hemi-synthesis is a process widely used in 

research in the field of pharmacology15. It consists of 
a modification in the chemical structure of a natural 
product in order to improve its pharmacokinetics 
and/or pharmacodynamics properties and, 
subsequently, to hence its activity and/or to reduce  
its side effects16-21. In this sense, two carvacrol 
derivatives (P1 and P2) were synthesized by 
alkylation (Fig. 1, 2, 3) and evaluated for their 
antitumor and antibacterial activities.  

Our results show that antitumor activity of  
our derivatives, obtained by the binding of two  
alkyls at the carvacrol hydroxyl group, has not been 
changed (Tables 1, 2 3). However, an important 
decrease of antibacterial activity was observed, 
especially for P1 (Fig. 4). Thus, elimination of 
hydroxyl group has no effect on antitumor activity but 
strongly decrease antibacterial activity, which means 
that OH at this position of the molecule may be 
responsible of carvacrol antibacterial activity. On the 
other hand, the absence of inhibition zone for P1 and 
P2 in the test of diffusion on solid media could be 
explained by the decrease in the capacity of the 
synthetized derivates to diffuse on solid media 
because of their chemical modification. Thus, we can 
say that introduced chemical modifications may affect 
mechanism of action of the molecule as well as its 
pharmacokinetics properties. 

The involvement of hydroxyl group in the 
carvacrol activity is not approved by all the 
researchers. In fact, some of them believe that the 
presence of a free hydroxyl group is essential for its 
antimicrobial activity22. The structure-activity 
relationship study demonstrated that antibacterial 
activity of the curcumin analogues was critically 
dependent upon the aromatic hydroxyl group23. 
Others, unlike the previous, reported that the hydroxyl 
group of carvacrol itself is not essential for 
antimicrobial activity24. The same study reported that 
hydroxyl group of carvacrol is not essential for 
activity but has special features that add to the 
antimicrobial mode of action of carvacrol which was 
related to membrane disruption. In fact, the 
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hydrophilic part of the molecule interacts with the 
polar part of the membrane, while the hydrophobic 
benzene ring and the aliphatic side chains are buried 
in the hydrophobic inner part of the bacterial 
membrane24. Ultee et al.25, proposed a mechanism of 
action for carvacrol based on the phenolic compounds 
acidity. In this mechanism, the loss of the proton 
gradient motive force, over the bacterial membrane25. 
This result suggests, may be, that carvacrol hydroxyl 
group, at least at this position and in this environment, 
is not necessary for its mechanism of action as 
antitumor agent, but play an important role in 
antibacterial activity and pharmacokinetics properties. 
In fact, previous study reported that cytotoxic activity 
of carvacrol is related to the apoptotic mode of 
action13. On the other hand, concerning the role of OH 
in antitumor activity, Wilbour reported that ring 
hydroxylation or removal of the terminal hydroxyl 
group have only modest effects on activity against 
L1210 leukaemia. These data also suggest that 
primary and ring hydroxyl groups do not markedly 
influence either anticancer activity or potency26.  

Taken together, our results suggest that hydroxyl 
group is responsible of carvacrol antibacterial activity 
and the other parts of the molecule are responsible of 
its antitumor activity. Thus, in order to improve 
cytotoxic activity of carvacrol, the chemical 
modifications must be executed at the other parts of the 
molecule (methyl groups and benzen ring) by 
alkylation or introduction of halogen groups.  
Some natural monoterpens, like carvacrol, were 
explored in this sense. In fact, derivatives of carvone, 
carveol, and limonene were designed and synthesized 
via chlorination, nucleophilic substitution, and 
reduction. It was shown that the introduction of  
4-(2-methoxyphenyl) piperazine to carvone, carveol or 
limonene significantly increased their antiproliferative 
effect that was correlated with ERK activation and p21 
(waf1) induction27. Also, the number and environment 
of hydroxyl groups in a molecule may also have an 
impact on its antitumor activity as it has been shown by 
the study of Iwasaki et al.28. Regarding carvacrol,  
it has been reported that four derivatives of  
carvacrol: 4-(hydroxymethyl) -5-isopropyl-2 
methylphenol,4,4'methylenebis (5isopropyl2methyl) 
phenol, 4-allyl-6-(hydroxymethyl)-2-methoxyphenol, 
and 4-(hydroxymethyl)-2-isopropyl-5-methylphenol 
were synthesized and tested for their pharmacological 
activities. The obtained derivatives showed  
remarkably better antioxidative properties and the 

majority of synthesized compounds had dose-
dependent antiproliferative effects on human uterine 
carcinoma cells (HeLa)29,30. It must be noted here, that 
antiproliferative activity of carvacrol derivatives is 
improved when the chemical modifications are made 
on the other parts of the molecule and not on the 
hydroxyl group, which agrees with the present 
hypothesis. 
 
Conclusion 

Two new carvacrol derivatives have been hemi-
synthesized by binding two different alcans on the 
hydroxyl group of this natural product extracted from 
thyme essential oil. The hemi-synthesized molecules 
were then tested for their antibacterial and antitumor 
effects in a comparison to the original product 
(carvacrol). Our results revealed that hydroxyl group 
of carvacrol in this position and this environment may 
have a role to play in antibacterial activity of 
carvacrol but not in its antitumor activity. These 
finding suggests that, in order to improve its 
antitumor effect, the chemical modifications must be 
provided on the other parts of the natural molecule 
and/or by increasing the number or changing the 
position of the hydroxyl group. The nature of alcans 
to bind could also improve this effect. 
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