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Summary 
Background. With an increase in antibiotic resistance in microorganisms, increasing the 
effectiveness of antibiotic therapy has become a crucial task for medical and pharmaceutical 
sciences. One possible way to increase the effectiveness of antibiotic therapy is to monitor 
biologically active substances like amino acids for their capability of increasing the activity 
of antibiotics. This research aimed to study the effects of tryptophan and zinc aspartate on 
the activity of doxycycline in relation to E. coli and P. aeruginosa.
Material and methods. The in vitro serial dilution method was used to determine the 
minimum inhibitory concentration (MIC) of doxycycline independently and in combination 
with tryptophan and zinc aspartate, for E. coli and P. aeruginosa.
Results. Tryptophan and zinc aspartate at a concentration of 2 μg/ml significantly increased 
the antibiotic activity of doxycycline against E. coli and P. aeruginosa (p<0.0001).
Conclusions. Biologically active substances, tryptophan and zinc aspartate have 
a  modulating effect on the antibiotic sensitivity of microorganisms towards antibacterial 
drugs like doxycycline.

Keywords: zinc aspartate, doxycycline, minimum inhibitory concentration, tryptophan, 
antibiotic resistance

Streszczenie
Wprowadzenie. Zwiększenie skuteczności antybiotykoterapii w obliczu narastającej opor-
ności drobnoustrojów na antybiotyki jest ważnym zadaniem nauk medycznych i farmaceu-
tycznych. Jednym z możliwych sposobów jest monitorowanie substancji biologicznie czyn-
nych, w tym aminokwasów, jako substancji mogących zwiększać aktywność antybiotyków. 
Celem pracy było zbadanie wpływu tryptofanu i asparaginianu cynku na aktywność doksy-
cykliny w stosunku do E. coli oraz P. aeruginosa.
Materiał i  metody. Została wykorzystana metoda seryjnych rozcieńczeń in vitro w  celu 
określenia minimalnego stężenia hamującego (minimum inhibitory concentration – MIC) dok-
sycykliny oraz doksycykliny w połączeniu z  tryptofanem i asparaginianem cynku w stosun-
ku do E. coli i P. aeruginosa.
Wyniki. Asparaginian cynku i tryptofan w stężeniu 2 μg/ml zwiększył istotnie aktywność 
antybiotyczną doksycykliny wobec E. coli i P. aeruginosa (p<0.0001).
Wnioski. Substancje biologicznie czynne (tryptofan i asparaginian cynku) mają modulujący 
wpływ na wrażliwość mikroorganizmów na leki antybakteryjne, takie jak doksycyklina.

Słowa kluczowe: asparaginian cynku, doksycyklina, minimalne stężenie hamujące, trypto-
fan, antybiotykooporność
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Introduction

One of the main reasons for the chronicity and recurrence of infectious diseases is the ineffectiveness of 
antibiotic therapy due to the spread of antibiotic-resistant strains of microorganisms [1,2]. Antibiotic resistance 
is a global problem that poses a serious health and economic risks [3]. The main events in the spread of antibiotic 
resistance are – bacteria becoming a host of resistance genes, transfer of antibiotic resistance to other bacteria 
by horizontal gene transfer, and migration of antibiotic resistance in the environment [4].

It is known, that most microorganisms in natural habitats exist in the biofilm and that the level of horizontal 
gene transfer between representatives of the biofilm community is higher than between planktonic cells [5]. 
For the treatment of infections associated with microbial biofilms, up to 100 times larger doses of antibiotics 
are required, which renders the drug ineffective due to toxicity to the microorganism [6,7]. Exposure to 
microorganisms in a biofilm with a concentration insufficient to eliminate all biofilm representatives from the 
body increases resistance through the inclusion of genetic programs (quorum sensing, QS and cyclic di-guanosine 
monophosphate, c-di-GMP) [8]. As a  result, a  high degree of coordination of gene expression and adaptation 
mechanisms is achieved, including the inclusion of acquired resistance of microorganisms to antibacterial drugs 
[9,10].

For this reason, monitoring of substances that increase the effectiveness of antibiotic therapy, while not 
aggravating the negative effect of antibiotics on the human body, is relevant. Some biologically active substances 
(BAS) can increase the effectiveness of antibodies. Tryptophan and zinc aspartate are organic compounds 
that play a key role in all living organisms. Amino acids determine protein biosynthesis and neurotransmitter 
transport [11]. Zinc is also a unique trace element with bactericidal properties [12].

BAS can affect the vital activity of bacteria as independent substances, as well as in combination with 
antibacterial drugs in in vitro studies. The ability of tryptophan to prevent the development and to cause 
dispersion of biofilms of P. aeruginosa bacteria, has been established [13]. The ability of C. copticum extract with 
five active compounds to inhibit pathogenic bacteria in planktonic form was confirmed using the disk diffusion 
tests (MIC and MBC) [14].

Microorganisms and human cells metabolize carbohydrates and amino acids in a  similar fashion into 
equivalent products [15]. Due to this similarity in metabolism the carbohydrates and amino acids can be used as 
adjuvants/fillers for drugs to help enhance their antibacterial properties. Aspartic and glutamic acid increases 
the activity of the antibiotic trimethoprim by the formation of novel salts of trimethoprim. The formation of these 
salts retained antibacterial activity and also exhibited a higher zone of inhibition of E. coli due to the improved 
solubility of trimethoprim [16]. Similarly, the solubility of indomethacin is also enhanced by salt formation using 
the basic amino acids L-arginine and L-lysine as counterions [17]. The resulting salts have better solubility, 
increased absorption, and therefore, greater efficiency.

The therapeutic effect of biologically active substances can be realized by multiple mechanisms: through 
blocking the synthesis of cellular elements, can be directed to the mechanisms of initial adhesion of bacteria to 
the surface, blocking the synthesis or destruction of the polymer matrix, disruption of intercellular information 
exchange, and it can also be combined with bactericidal agents themselves [18,19]. The use of biologically active 
substances as substances that increase the activity of antibiotic therapy, not only leads to better clinical results 
but also provides a tool for combating antimicrobial resistance. This study investigates the effect of tryptophan 
and zinc aspartate on the antibacterial properties of doxycycline.

Material and methods

The study was carried out on strains E. coli 2646 and P. aeruginosa 2745. The minimum inhibitory 
concentration (MIC) was determined for the following drug and BAS combinations: group 1 – doxycycline (DOX) 
at a concentration (200 – 2 μg/ml); group 2 – doxycycline (200 – 2 μg/ml) and tryptophan (200 – 2 μg/ml); 
group 3 – doxycycline (200 – 2 μg/ml) and zinc aspartate (200 – 2 μg/ml); group 4 – doxycycline (200 – 2 μg/ml)  
and a  mixture (tryptophan (200 – 2 μg/ml) and zinc aspartate (200 – 2 μg/ml) (Figure 1). Bacterial cell 
concentration in the growth media was measured using a densitometer, Den-1 (Biosan).

Influence of l-tryptophan and zinc aspartate...
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Figure 1. Schematic layout of the experiment (n=5)

Bacterial cultures were adjusted to a  concentration of 1.5 × 108 CFU / ml unit. (0.5 McFarland units) in 
sterile saline sodium chloride solution. Sixteen test tubes were prepared for each microorganism by adding  
5 ml of Mueller-Hinton broth and 0.2 ml of inoculum to each tube. Four sets of four test tubes were prepared 
for each treatment group where one test tube acted as the control without any drug and the remaining three 
test tubes had tenfold dilutions of the treatment drug and BAS combinations. The concentration of microbial 
cells was determined by measuring the optical density of solutions on a densitometer before and after 24-hour 
of incubation at 35±1°C [20]. The experiments were performed in 5 repetitions (n=5) (Figures 2 and 3; Tables 
1 and 2). The effect of four groups of drugs on the growth of the planktonic form of bacteria was calculated by 
a multivariate analysis of variance using Statistica (version 10.0).

The data obtained in the form of McFarland units (McF units) can be interpreted in colony-forming units 
(CFU) [21].

Results

Minimum inhibitory concentration (MIC) for each treatment group was determined for E. coli and  
P. aeruginosa. The sensitivity of planktonic forms of E. coli and P. aeruginosa to doxycycline in the presence of 
tryptophan and zinc aspartate are presented in Figures 2 and 3, respectively.

The minimum inhibitory concentration (MIC) of doxycycline in relation to E. coli was 20 μg/ml; MIC of 
doxycycline with tryptophan in relation to E. coli was 200 μg/ml; MIC of doxycycline with zinc in relation to  
E. coli was 200 μg/ml. At the same time, as the results of the study showed, at doxycycline concentration of 2 μg/ml 
the bacterial growth of E. coli was 1.28 [1.16; 1.40] unit McF (p<0.0001) in comparison with the bacterial growth 
in control at 2.3 units McF (p<0.0001). When exposed to a combination of doxycycline 2 µg / ml + tryptophan  
2 µg / ml the bacterial growth was 0.42 [0.30; 0.54] unit McF (p<0.0001) in comparison with the bacterial growth 
in control at 2.3 unit McF. When exposed to a  combination of doxycycline 2 μg/ml + zinc aspartate 2 μg/ml  
the bacterial growth was 0.20 unit McF (p<0.0001) in comparison with the bacterial growth in control at 2.3 units 
McF. When exposed to a combination of doxycycline 2 µg / ml + tryptophan 2 µg / ml + zinc aspartate 2 µg / ml  
the bacterial growth was 0.28 unit McF (p<0.0001) in comparison with the bacterial growth in control 2.3 
unit McF. The combination of doxycycline + zinc aspartate was most effective at the concentration of 2 μg/ml, 
whereas doxycycline was least effective on E. coli. (Figure 2, Table 1).
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Drug Concentration µg/ml; MHK average
Current effect: F(9, 64)=28,714, p<0.0001

Decomposition of the hypothesis
Vertical bars = 0.95 cofidence intervals

Concentration µg/ml

Figure 2. A graph of the dependence of the growth of E. coli on the drug and drug concentration

Table 1. Growth rates of E. coli when exposed to 4 drugs at a concentration of 2 μg/ml to 200 μg/ml
Drug Concentration μg/ml  

Drug С E. coli McF 
Average 

E. coli McF 
Standard 

error
E. coli McF 

95,00%
E. coli McF 
+95,00% n p

DOX 0 2.26 0.06 2.14 2.38 5 p<0.0001
DOX 2 1.28 0.06 1.16 1.40 5 p<0.0001
DOX 20 -0.08 0.06 -0.20 0.04 5 p<0.0001
DOX 200 -0.24 0.06 -0.36 -0.12 5 p<0.0001

DOX+Tr 0 2.42 0.06 2.30 2.54 5 p<0.0001
DOX+Tr 2 0.42 0.06 0.30 0.54 5 p<0.0001
DOX+Tr 20 0.22 0.06 0.10 0.34 5 p<0.0001
DOX+Tr 200 -0.08 0.06 -0.20 0.04 5 p<0.0001
DOX+ Zn 0 2.34 0.06 2.22 2.46 5 p<0.0001
DOX+ Zn 2 0.20 0.06 0.08 0.32 5 p<0.0001
DOX+ Zn 20 0.10 0.06 -0.02 0.22 5 p<0.0001
DOX+ Zn 200 0.06 0.06 -0.06 0.18 5 p<0.0001

DOX+Tr +Zn 0 2.42 0.06 2.30 2.54 5 p<0.0001
DOX+Tr +Zn 2 0.28 0.06 0.16 0.40 5 p<0.0001
DOX+Tr +Zn 20 0.18 0.06 0.06 0.30 5 p<0.0001
DOX+Tr +Zn 200 0.36 0.06 0.24 0.48 5 p<0.0001

The minimum inhibitory concentration (MIC) of doxycycline in relation to P. aeruginosa was 100 μg/ml; with 
tryptophan was ≥200 μg/ml; and with zinc was ≥ 200 μg/ml.

 An increase in the effectiveness of doxycycline in relation to P. aeruginosa is observed in combination with 
2 μg/ml of tryptophan and zinc aspartate. When exposed to doxycycline 2 μg/ml, the bacterial growth of  
P. aeruginosa was 4.26 [4.10; 4.42] unit McF. When exposed to a combination of doxycycline 2 μg/ml + tryptophan 
2 μg/ml the bacterial growth was 3.54 [3.38; 3.70] unit McF. When exposed to a combination of doxycycline  
2 μg/ml + zinc aspartate 2 μg/ml bacterial growth was 3.54 [3.38; 3.70] unit McF. When exposed to a combination 
of doxycycline 2 μg/ml + tryptophan 2 μg/ml + zinc aspartate 2 μg/ml bacterial growth was 3.66 [3.50; 3.82] 
unit McF versus the bacterial growth in control at 3.10 units McF (p<0.0001). At a given concentration of drugs 
(2 μg/ml), the growth rate of bacteria under the action of doxycycline has the greatest difference 4.26 from the 
combination of doxycycline + zinc aspartate and doxycycline + tryptophan 3.54 (Figure 3, Table 2).

Influence of l-tryptophan and zinc aspartate...
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Drug Concentration µg/ml; MHK average
Current effect: F(9, 64)=171,39, p<0.0001

Decomposition of the hypothesis
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Figure 3. A graph of the dependence of the growth of P. aeruginosa on the drug and drug concentration

Table 2. Growth parameters of P. aeruginosa when exposed to 4 drugs at a concentration of 2-200 μg/ml
Drug Concentration μg/ml

Drug С P. aeruginosa 
McF Average

P. aeruginosa 
McF Standard 

error
P. aeruginosa 
McF – 95,00%

P. aeruginosa 
McF – 

+95,00%
n p

DOX 0 3.52 0.08 3.36 3.68 5 p<0.0001
DOX 2 4.26 0.08 4.10 4.42 5 p<0.0001
DOX 20 3.08 0.08 2.92 3.24 5 p<0.0001
DOX 200 -0.38 0.08 -0.54 -0.22 5 p<0.0001

DOX+Tr 0 3.42 0.08 3.26 3.58 5 p<0.0001
DOX+Tr 2 3.54 0.08 3.38 3.70 5 p<0.0001
DOX+Tr 20 2.56 0.08 2.40 2.72 5 p<0.0001
DOX+Tr 200 2.96 0.08 2.80 3.12 5 p<0.0001
DOX+ Zn 0 3.30 0.08 3.14 3.46 5 p<0.0001
DOX+ Zn 2 3.54 0.08 3.38 3.70 5 p<0.0001
DOX+ Zn 20 2.94 0.08 2.78 3.10 5 p<0.0001
DOX+ Zn 200 3.74 0.08 3.58 3.90 5 p<0.0001

DOX+Tr +Zn 0 3.10 0.08 2.94 3.26 5 p<0.0001
DOX+Tr +Zn 2 3.66 0.08 3.50 3.82 5 p<0.0001
DOX+Tr +Zn 20 3.24 0.08 3.08 3.40 5 p<0.0001
DOX+Tr +Zn 200 3.54 0.08 3.38 3.70 5 p<0.0001

Discussion

It is known that some antibiotics can stimulate the growth of microorganisms in low concentrations [22]. 
We observed the same in our experiment, when P. aeruginosa was exposed to doxycycline at a concentration of  
2μg/ml, the number of P. aeruginosa cells increased, and the turbidity of the inoculum was 4.26 unit McF, greater 
than in the control without influencing substances the values were 3.6 unit McF.

It should be noted that tryptophan and zinc aspartate have a modulating effect on the activity of doxycycline 
in all tested concentrations of 2 μg/ml-200 μg/ml, however, the most pronounced effect of tryptophan and zinc 
aspartate in increasing the activity of doxycycline for E. coli was observed at a concentration of 2 μg/ml, but at an 
increase in the concentration of the test substances 20 μg/ml-200 μg/ml, the opposite effect is observed (a slight 
decrease in the activity of doxycycline).

Influence of l-tryptophan and zinc aspartate...
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It should also be noted that the most pronounced effect of increasing the activity of doxycycline when exposed 
to tryptophan and zinc was observed in relation to E. coli. Bacterial growth is delayed by 1.08 units McF, when 
2 μg/ml zinc aspartate and by 0.86 units McF when 2 μg/ml tryptophan were added to the medium (p<0.0001). 
In relation to P. aeruginosa by 0.72 units McF, the value is the same for the two components (zinc aspartate and 
tryptophan at 2 μg/ml).

The synergistic effects of tryptophan with zinc aspartate when exposed to non-pathogenic strains of E. coli 
2646 and P. aeruginosa 2745 are not observed in any of the studied concentrations (2-200 μg/ml).

The most important determinants of resistance of gram-negative microorganisms are the constituents of the 
cell wall, however, many additional factors regarding in vitro cultivation are acquired by bacteria depending on 
the composition of the nutrient medium [23].

Currently, biologically active substances, including amino acids, are considered as components of the bacterial 
cell wall, which reflects their control over various forms of the existence of microorganisms (planktonic and 
biofilm) [24]. Bacterial peptidoglycan, an important functional element in the biosynthesis of the bacterial cell 
wall, contains amino acid constituents (tryptophan). In addition, exogenous application of amino acids such as 
methionine, tryptophan, and phenylalanine, when incorporated into bacterial peptidoglycan, replace L-alanine 
at position 1 and D-alanine at positions 4 and 5 at the terminal position, which leads to bacterial death [25]. Most 
zinc-containing substances are exploited for their antimicrobial and anti-acne potential as they may represent 
effective safer alternatives for current treatments with systemic adverse effects [26].

On the one hand, tryptophan and zinc aspartate are necessary for the growth and metabolism of 
microorganisms, and on the other hand, careful optimization of the composition and concentration of biologically 
active substances when they are added to the medium can increase the antibacterial effect of antibiotics [27].

Conclusions

Studies have shown that the introduction of tryptophan and zinc aspartate into the medium at a concentration 
of 2 μg/ml-200 μg/ml leads to a  change in the sensitivity of the test-microorganisms to doxycycline in the 
planktonic form.

Further research is needed to study the effect of biologically active substances on the effect of antibiotics 
with different mechanisms of action and in relation to a wide range of microorganisms to identify the effects of 
these substances and the principal mode of action. 
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