International Journal of Engineering & Technology, 11 (1) (2022) 72-77

International Journal of Engineering & Technology

Website: www.sciencepubco.com/index.php/IJET

SPC Research paper

Kinetics studies of phytomedicine mathesia
- y-butyrolactone interaction

L. H. Nkasa !, M. C. Mulenga !, M. J. Muzomwe %, S. J. Kayembe %, L. B.
Ilinga !, M. Z. Kashongwe 2, B. P. Ngoy **, K. M Taba !

L Faculty of Sciences, Department of Chemistry, BP 190 Kinshasa XI, University of Kinshasa, DRC
2 Faculty of Medicine, Department of internal medicine, Bronchologie, University of Kinshasa, DRC
*Corresponding author E-mail: bokolombe@gmail.com

Abstract

Kinetic studies of the interaction between y-Butyrolactone and one of the phytomedecines such as Mathesia used for Buruli ulcer treatment
were investigated by conductimetry. y-Butyrolactone which is the simplest form of lactone was used as probe in order to fully understand
how a cyclic ester, such as lactone, could behave in a basic environment. It was observed that for the Mathesia solution at pH 11 the
minimal apparent rate constant was around 3.54636 compare to sodium hydroxyde solution at pH 12 where the minimal apparent rate
constant was around 3.12295. The apparent rate constants of successive diluted solutions of Phytomedicine Mathesia show up the dilution
factor 1: 4. A plot of apparent rate constant versus dilution factor gave a curve with a correlation coefficient of 0.99831.
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1. Introduction

Infection with Mycobacterium ulcerans called "Buruli ulcer,” better known as "MBASU" is an infection of Mycobacteria whose reservoir
is in the environnement!. This infection is rampant in swampy areas in tropical and subtropical regions of Africa, Latin America, Asia,
Oceania, and Pacific Occidental [2-7]. Recent studies [5-9], made in Health centers both in Kimpese and Songololo in Democratic Republic
of the Congo have shown that ulcerated and mixed forms are the most frequent (80%) because of late consultations due to the attribution
of the origin of the disease to "bad luck."” The lack of good understanding of this disease by the population is the leading cause of late
consultations. The synergic use of antibiotics or association of antibiotics for the treatment of Buruli ulcer have shown some limitations
and resistence. The Combination of anti-tuberculosis drugs such as Rifampicin and Streptomycin allowing healing in one or two cases
without the need for surgery [8]. Antibiotic treatment alone is not always enough for the complete cure of patients and the repair is the
responsibility of surgery (pansement, graft, necrotizing tissue debris, etc.). The association of Chloramine - Metronidazole - Nitrofurantoin
is used as an antiseptic for budding and sterilization of the wound [9]. Impervious Mycolactone to antibiotics, causes tissue ulceration when
injected only with the mouse [10], [11]. In our laboratory, "Mathesia" was used as a phytomedecine and tested on thirty patients reported
after direct examination in the hospital. It was reported that a regeneration of tissue, epithelialization of the wound, causing arresting the
development of the disease and a complete cure could be reached. The results appear to be interesting and deserve a thorough review. This
suggests that active substances in MATHESIA kill microorganisms where is the causative agent of Buruli ulcer [12]. Taking in account
that y-Butyrolactone is the simple model of the lactone and destroys body tissues in the same way as Mycolactone produced by M. ulcerans,
we believe that the basic hydrolysis of the y-Butyrolactone will have the same action like Mathesia on Mycolactone in treating Buruli ulcer
[13], [14] Also, Mathesia likely proceeds by the same mechanism of hydrolysis of lactones like the one initiated by sodium hydroxyde.
Saponification of the ethyl acetate by Mostafa et al (2018) [15] where studying the hydrolysis of Ethyl acetate using sodium hydroxide
solutions showed a rate constant around 0, 0712L/mol.min) which is close to the observed rate constant was found for the kinetic hydrolysis
of the lactone. In this study, we show the kinetics of basic hydrolysis using the conductivity of Phytomedicine Mathesia with y-Butyrolac-
tone and sodium hydroxide with y-Butyrolactone to check the mode of action of Mathesia in the destruction of Mycolactone.

2. Experimental

2.1. Materials and equipments

NaOH (Merck) for analysis, y-Butyrolactone (Merck), Mathesia was obtained from Kinshasa drugstore in Democratic Republic of Congo
(A.M.M/A.M/A.V.No MS 1253/10/01/0034/2010). Conductivity of solutions were measured using radiometer Copenhagen 219537.
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2.2. Methods

Conductimetry evaluates the concentration of the constituents in ionized medium such as mineral ions and organiques [15].

Conductivity will track the interaction between sodium hydroxide and y-Butyrolactone and between Mathesia and y-Butyrolactone, and to
determine the rate constants of both hydrolysis reactions.

Let assume the following model of hydrolysis reaction:

A+BXpC
The relationship gives the rate of this reaction:

y-_9Ci_ 9% _ e oc,
dt di

The variation of the conductivity of the medium as a function of time can be deduced. The order of the reaction and the rate of the reaction
is a computer-based statistics program.

3. Experimental procedure

In a 60 mL cylinder, 20 mL of NaOH (0.02 M) or Mathesia solution and 20 mL of y-Butyrolactone were added in the same concentration.
The resulting solutions were stirred vigorously, and conductivity was measured after each five minutes. The reaction was completed when
the conductivity values were constant.

4. Results and discussion

4.1. Conductimetry

Conductimetry followed the kinetics of hydrolysis of y- Butyrolactone by NaOH and by the MATHESIA. Data and curves for the variation
of the conductivity of the y- Butyrolactone solution are shown in Figures 1-4

&0
55
=0
45
40

35 o

LUIIUUGLIVILE

30 4

28 4

Conducttivitu in10-°Q-1Cm-

Time in Minutes
Fig. 1: Evaluation of the Conductivity of the 0.02 M Solution of I'-Butyrolactone in the Presence of 0.02 M NaOH at Different Time.
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Fig. 2: Evolution of the Conductivity of the 0.02 M Solution of I'-Butyrolactone in the Presence of Undiluted Mathesia at Different Time.
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Fig. 3: Evolution of the Conductivity of 0.02 M Solution of y-Butyrolactone in the Presence of MATHESIA Diluted 1:1.
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Fig. 4: Evolution of the Conductivity of 0.02M Solution of y -Butyrolactone in the Presence of MATHESIA Diluted 1:2.

From Figure 1 to 4 it can be seen that the change in conductivity of y-Butyrolactone solutions in the presence of either NaOH or MATHE-
SIA (concentrated or diluted) at different time, decreases exponentially. The various linearization attempts concentration versus time or
conductivity versus time resulted in a linear equation of the following form:

11
E=C—+ktor 1.1
.

? e x5

These equations are consistent with a two-order response, and rate constants such as the apparent rate constant of hydrolysis of y-Butyro-
lactone can be deduced as slope as shown in Figure 5 and 6.

Time in Minutes
Fig. 5: Evolution of 1/Cg=F (T) Of y -Butyrolactone Solution in the Presence of A Different Concentration of NaOH.
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Fig. 6: Evolution of 1/y=F (T) of the y -Butyrolactone Solution in the Presence of Different Concentrations of NaOH

It was noticed that the rate constant k divided by the sum of different ion mobility of sodium hydroxyde (0.0248) gives a value of kapp
following the relationship:

This follows that:

L,LH k ) in comparison with the expression

Zs Zg /INa*'F’lov-r.

11 and  with ,1N++,10H7:0,02485,m2,m0|-1 and the mobility of sodium and hydroxide ions are:
—=—+k.t a

Cs Cg

Ay =50.10Sm’mol "and4,,, =198.10"*S.m”mol

Unlike ion mobility of the NaOH solution whichenters the composition of Mathesia are not known,and assuming that theMathesia reacts
withy-Butyrolactone by the same mechanism as NaOH, the comparison between the NaOH rate constants and different dilutions of Mathe-
sia will be based on the apparent rate constant, Kapp. The summary of experimental data obtained from the relations: 1/X=F (t) from which
different parameters are found is given in Table 1. The rate constants k and kapp were found to be around 0, 0799 and 3.12295 respectively.
Comparing the value of the slope obtained from the interaction of y -Butyrolactone - NaOH above with that obtained with the saponification
of ethyl acetate by Mostafa Ghobashy et al where studying the hydrolysis of ethyl acetate using caustic soda (k = 0,0712 L.molt.min),
with some differences due to the use of acetate in place of lactone, the order of magnitude of the constant remains acceptable!®,

Table 1: Summary of Experimental Data Obtained from the Relations: 1/X=F (T)

N° Product 1/X 1/Xo R a Kapp pH
1 NaOH 364 187.728 0.99753 0.0200 3.12295 12.0
2 Mathesia 0 250 166.446 0.99950 0.1000 3.54636 11.0
3 Mathesial:1 400 167.655 0.99949 0.0500 6.81876 10.5
4 Mathesial:2 326 169.450 0.99983 0.0300 8.69996 10.0
5 Mathesial:3 1000 168.312 0.99992 0.0250 9.78772 9.5
6 Mathesial:4 400 167.315 0.99987 0.0200 10.05306 9.0
7 Mathesial:5 200 164.239 0.99968 0.0170 9.87665 8.7
8 Mathesial:6 208 162.864 0.99979 0.0140 8.69269 8.5
9 Mathesial:7 222 168.229 0.99971 0.0125 7.13093 8.3

It emerges that the mathematical processing of experimental dataleads tolinear correlations having almost the same correlation coefficients
(R=0.99). The calculated rate constants are apparent because of the impossibility of determining the ionic mobility of Mathesia £iin solution.
The Mathesia apparent rate constants are greater than those of NaOH and increase with the dilution.

Indeed, y -Butyrolactone causes tissue ulceration and more particularly of the skin. This effect, however, is stopped by the application of a
base such as NaOH and happens to be much faster dimmed by applying diluted 1:4 solution of Mathesia. Above the 1:4 dilution, the
apparent rate constant of Mathesia become smaller. The plot of the apparent rate constants as a function of dilution factor is obtained as
Gaussian curve with a correlation coefficient around 0.99831.
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Fig. 7: Evolution of DiIutiBn Factors Compared to Apparent Rate Constants.

This curve shows a maximum between dilution factors 4 and 6 corresponding to a greater rate of hydrolysis of y-Butyrolactone by Mathesia.
This maximum is the same approximation of the dilution of Mathesia dose in the treatment of the effect of Mycolactone. The Mathesia pH
between 9 and 10 is a base hydrolysis mechanism factor of the y -Butyrolactone similar to NaOH. The opening of the chain of y-Butyro-
lactone and the Mycolactone is made by a hydrolysis reaction emitted by the essential component of Mathesia. Dilution causes a decrease
in pH. It is 11 at the beginning and 9.0 to 1:4 dilutions.

Compared to streptomycin, the Mikacine, and other antibiotics, Mathesia proves to be an excellent drug in the treatment of Buruli ulcer,
since other antibiotics have limited effects in the destruction of microorganisms that cause disease without preventing the devastation of
tissues, which makes the disease difficult to treat. [11] Treatment of UB based on two oral antibiotics, rifampicin and clarithromycin,
whose goal is to kill the bacteria, M. ulcerans 6. In the WHO publication in 2009 for the treatment of Buruli ulcer, streptomycin is against-
indicated during pregnancy.[17]

5. Conclusion

It this study, we started with y- Butyrolactone as a product probe with the known molecular weight, density, and concentration. Assuming
that y- Butyrolactone reacts in the same mechanism as the more devastating the tissue Mycolactone secreted by Mycobacterium ulcerans,
it was noticed that: Diluting Mathesia increases the rate of hydrolysis of y -Butyrolactone with a maximum observed at the 1:4 dilutions
and a decrease in pH 11 at the start and 9.0 for the dilution 1:4.

The comparison of the different apparent rate constants of Mathesia concentrated or diluted to the caustic solutions show that the rate
constant of the NaOH is still lower than Mathesia confirming its high activity on the y -Butyrolactone.

The mechanism of action of Buruli ulcer (BU), goes through basic hydrolysis of Mycolactone with stopping his destructive action of tissue.
The primary component of the Mathesia solution stops the devastating effects of tissue Mycolactone, while its organic substances act as
antibacterial agents. In any event, one would conclude that Mycolactones lose their devastating power of tissues through ring opening
mechanism.

Acknowledgements

The author thanks anyone would have contributed to the realization of this work and especially the head of the laboratory of organic
chemistry and energy (LOCAREN) for availability of reagents and equipment.

References

[1] Portaels F., Elsen P., Guimaraes Peres A. (1999). Insects in the transmission of Mycobacterium ulcerans infection (Buruli ulcer.) The Lancet 353:986.
https://doi.org/10.1016/S0140-6736(98)05177-0.

[2] Aguiar J., Domingo MC., Guegueson A., Meyers WM., see and Portaels F. (1997). Buruli ulcer: A major Mycobacterial disease and an upsurge in
Benin. Bull séanc Acad. R SCI Overseas, 43,325-338.

[3] Aguiar Jand Steunoun (1997), Buruli ulcers in rural areas in Benin: management of 635 cases, Med. Too Much, 37, 83-90.

[4] Kanga J M and Kacou E D. (2001), Epidemiological Aspects of Buruli ulcer in Cote d'ivoire: Results of a national Survey, Bull Soc Pathol Exot,
94,46-51.

[5] Kibadi K, Tsakala T M, Mputu-yamba J B, Muyembe T, Kashongwe M (2003). Buruli ulcer in Angolan refugees from the sites of Kimpese, Central
Congo (R D Congo). Health notebooks, 13,40-43.

[6] Muelder K, and Noukou A (1990). Buruli ulcer in Benin the Lancet. 336, 1109-1111. https://doi.org/10.1016/0140-6736(90)92581-2.

[7] Perquis P, Muret G, Ravisse P and Maydat L (1968). — Tropical Mycobacterial ulcers about 8 observations. Med too, 26,642-648.

[8] Chauty A, Ardant MF, Adeye A, Euverte H, Guédénon A, Johnson C, Aubry J, Nuermberger E, Grosset J. 2007 Nov. Promising clinical efficacy of
streptomycin-rifampin combination for treatment of buruli ulcer (Mycobacterium ulcerans disease). Antimicrob Agents Chemother;51(11):4029-
4035. https://doi.org/10.1128/AAC.00175-07.

[9] Kibadi K, Tsakala TM, Mputu YJ, Muyembe T, Kashongwe M and Imposo B. (2002), Therapeutic trial of the association Chloramine, Furantoine,
metronidazole in the local treatment and the ulcer of Buruli over infected. Med. Afr. Black, 49, 239-243.

[10] George K.M., Barker L. P, Welty D.M., Small P.L. (1998), Partial purification and Characterization of biological effects of a lipid toxin produced
by Mycobacterium ulcerans. Infection and Immunity, 66,587-593. https://doi.org/10.1128/1A1.66.2.587-593.1998.

[11] George K M., Chatterjee D., Gunawardana G., Welty D., Hayman J., Lee R., and Small P.L. (1999), Mycolactone: A polyketide toxin from Myco-
bacterium ulcerans required for virulence. Science, 283:854-857 https://doi.org/10.1126/science.283.5403.854.

[12] Kabedi B.M., Kayembe N.J., Kashongwe M.Z, Bisouta F.S, Mampasi K.P, Mbaya K.P, Taba K.M, Mifundu M N, Mulenga M.C, Nkasa L.H, Tshitadi
M. A, Nganga N.M and Muyembe T.J.J (2018), in vitro Evaluation of Mycobacterial activity of Phytomedicine Mathesia on Mycobacterium tuber-
culosis, Medical and clinical Reviews, vol. 4 No. 2:5.



https://doi.org/10.1016/S0140-6736(98)05177-0
https://doi.org/10.1016/0140-6736(90)92581-2
https://doi.org/10.1128/AAC.00175-07
https://doi.org/10.1128/IAI.66.2.587-593.1998
https://doi.org/10.1126/science.283.5403.854

International Journal of Engineering & Technology 77

[13] Anonymous (2010) Clinical toxicologists Coordinating Committee: Gamma Butyrolactone: Retrospective study of the observations notified between
2005 and 2009.

[14] Sivilotti M. L, Burns M J, Aaron C K, Greenberg M. J (2001). Pentobarbital for severe gamma Butyrolactone with drawal. Ann Emerg Med; 38 (6):
660-665. https://doi.org/10.1067/mem.2001.119454.

[15] Mostafa Ghobashy, Mambouh Gadallah, Tamer T. El-ldreesy, M. A. Sadek , Hany A. using caustic soda, international journal of Engineering &
Technology,7(4)1995-1999. https://doi.org/10.14419/ijet.v7i4.14083.

[16] Pierre Aubry P, Gauzere B.A. Updated on 08/10/2015. Buruli Ulcer News 2015. Degree in tropical Medicine from the countries of the Indian Ocean.

[17] WHO, (2009) Treatment of Mycobacterium ulcerans infection (Buruli ulcer).



https://doi.org/10.1067/mem.2001.119454
https://doi.org/10.14419/ijet.v7i4.14083

