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ABSTRACT

Methicillin-resistant Staphylococcus aureus(MRSA) is spreading around the world, with prevalence ranging from 23.3
% to 78 %. This study, therefore, evaluated the antibacterial activity of a combination of crude juice extracts of Allium
sativum and Curcuma longa against methicillin-resistant Staphylococcus aureus. The combined crude juice extracts
exhibited moderate antibacterial activity against methicillin-resistant Staphylococcus aureus, which was determined
by the agar well diftusion method where the Allium sativum crude juice extract revealed a high level of antibacterial
activity with the highest mean and standard error of the mean inhibition zone diameters of 21.67 + 0.88 mm at
concentration 100%v/v compared at a concentration of 50%v/v which showed a mean and standard error of the
mean inhibition zone diameter of 21.83 £ 0.67 mm. On the other hand, Curcuma longa crude juice extract didn’t show
any antibacterial activity against the test organism. The minimum inhibitory concentration (MIC) of the
combination of the crude juice extracts of Allium sativum and Curcuma longa crude juice extracts was 25%v/v, Allium
sativum was 25%v/v w and Curcuma longa was 0%v/v. The minimum bactericidal concentration (MBC) results that
the study extract was bacteriostatic since all used concentrations showed visible growth after overnight incubation.
The FIC of the extract was 1 hence there was an additive antibacterial effect of the extract combination.
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INTRODUCTION

Methicillin-resistant Staphylococcus aureus(MRSA) is spreading around the world, with prevalence ranging from 23.3
%to 73 %. In 1996, an international multicenter study found that among the countries studied, South Africa and
Malaysia had some of the highest rates of MRSA, but in Africa, the prevalence ranged from 5% to 45%, with one of
the first cases reported in the continent in 1978 [17]. In the United States in 1995, nosocomial infections cost $4.5
billion and resulted in over 88,000 deaths—one every 6 minutes [27]. MRSA is any Staphylococcus aureus strain that
has acquired or developed multiple drug resistance to beta-lactam antibiotics, including methicillin, by natural
selection or horizontal gene transfer. Methicillin and the more routinely administered penicillin, amoxicillin,
oxacillin, fluoroquinolones, and macrolides are all resistant [3-57]. According to a Baylor College of Medicine study,
MRSA is classified based on where it was obtained. The first form, healthcare-acquired MRSA (HA-MRSA), is
obtained from hospitals and healthcare facilities and has been recognized since the 1960s and is more prevalent in
people who have had surgery, had medical devices installed, or have impaired immune systems. The second type of
MRSA, which appeared in the 1990s, is known as community-acquired MRSA (CA-MRSA), which occurs outside of
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hospital settings and usually manifests itself as a skin infection in healthy individuals but can develop into a more
serious, life-threatening illness. It tends to occur in situations where people are in close physical proximity, such as
in childcare and long-term care facilities, soldiers, prisoners, and athletes who have skin-to-skin contact [6, 77.
MRSA is prevalent in hospitals, jails, and nursing homes, where persons with open wounds, intrusive equipment
such as catheters, and weaker immune systems are more susceptible to healthcare-associated illness [8, 97. MRSA
strains have emerged as a source of nosocomial infections that can lead to life-threatening pneumonia, necrotizing
fasciitis, endocarditis, osteomyelitis, severe sepsis, and toxic shock syndrome [10, 117]. According to Garoy et al.
[12], the risk factors for MRSA that have been reported in the literature as immunosuppression, hemodialysis,
peripheral malperfusion, advanced age, prolonged in-hospital stays, residency in long-term care facilities, the
inadequacy of antimicrobial therapy, indwelling devices, insulin-requiring diabetes, and decubitus ulcers.

Allium satroum is a plant from the family of Alliaceae. It is an herbaceous plant with a height of 20-40 c¢m, a bulb
with a strong odor and pungent taste. Allium sativum contains organosulphur compounds that are responsible both
for their strong smell and for their medicinal properties and has long been known as an effective plant species in the
treatment of bacterial infections [18-167. It has been used as a flavoring ingredient and a medicinal herb for
thousands of years. Allzum sativum bulbs are used as seasonings, and the liquid collected from them is also medicinally
beneficial and its extracts were also found to be effective against Gram-negative (E. coli, Salmonella sp., and
Citrobacterenterobacter, Pseudomonas Klebsiella) as well as Gram-positive (S. aureus) bacteria [17]. The properties of
Allium sativum are associated with its extremely rich compositions as it contains approximately 38 sulfur compounds
(some are diallyl thiosulfate, diallyl sulfide, diallyl disulfide and alliin), 17 amino acids, enzymes, mineral salts (e.g.
germanium, selenium, phosphates, calcium, and iron salts), vitamins (e.g. ascorbic acid, riboflavin, niacin, thiamine,
folic acid. Allium sativum is estimated to contain over two hundred chemical substances that can protect the human
body against various diseases [157]. Aside anti-microbial eftect, Allium sativum possesses anti-diabetic and liver-
protective effects [13, 14, 187].

Curcuma longa is a perennial herbaceous plant in the ginger family (Zingiberaceae), whose tuberous rhizomes, or
underground stems, have been used as a food preservative, a textile color, and a medical stimulant since ancient
times. Curcuma longa is a spice and scent that is native to southern India and Indonesia. It is taken as a pill for a
variety of ailments, including arthritis and intestinal problems. Curcuma longa plants grow to a height of
approximately 1 meter (3.3 feet) and have long simple leaves with long petioles, which emerge from branching
rhizomes close below the soil surface. Young rhizomes are pale yellow to brown-orange, whereas older rhizomes are
scaly and brown [197. It has antioxidant properties and thus can be useful in the management of oxidative stress-
induced diseases [20, 217]. MRSA is still a major global health issue. The increased occurrence of side effects for
example ototoxicity, hematopoietic effects, allergic reactions, and low blood pressure associated with the overuse of
antibiotics and other conventional drugs creates a need for developing alternative safer remedies [22-357. More so,
the use of plant-based products in the management of various diseases including bacterial infections has been an age-
long practice, especially among rural dwellers [85-407. In addition, the rapid resistance to numerous classes of
antibiotics, including linezolid creates a need of developing alternative safer remedies [127]. Furthermore, S. aureus
bacteremia, which has a high rate of morbidity and mortality and can lead to metastatic or complex infections such
as infective endocarditis or sepsis, is of particular concern requiring alternatives for the treatment of MRSA [277].
However, there is scarcely any study that has been done to evaluate the effectiveness of antimicrobial activity of a
combination of juice extracts of Curcuma longa and Allium satrvum against MRSA. Hence, this study aims to bridge
the gap by evaluating the effectiveness of the antimicrobial activity of a combination of juice extracts of Curcuma
longa and Allium sativum against MRSA.

METHODOLOGY

Study Design
The study is an zn-vitro experimental study that was done to evaluate the antibacterial activity of a combination of
Juice extracts of Allium sativum and Curcuma longa against Methicillin-resistant Staphylococcus aureus and was carried
out in the microbiology and pharmacognosy laboratory of Kampala International University western campus from
Feb to March 2023
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Study Area

The experiment was carried out at the Microbiology and Pharmacognosy laboratories of Kampala international

university western campus and the fresh samples of Allzum sativum bulbs and Curcuma longa rhizomes were bought

from the Ishaka market.

Materials used

The materials and equipment used in this study were Allzum sativum, Curcuma longa and methicillin-resistant
Staphylococcus aureus, Mueller-Hinton agar, masks, sterile diffusion disc, filter papers, sterile cotton swabs, agar
plates, distilled water, an incubator, a ruler, sterile gloves, an autoclave, McFarland standard solution, vancomycin,
syringe, tubes, mannitol salt agar, BHI broth, foil paper, Petri dishes, mortar and pestle, refrigerator, measuring
cylinder, pen, calibrated ruler, water source, sterile wire loop, tube racks vials

Preparation of the Plant Extracts

Collection of plant materials
The Curcuma longa rhizomes and Allium sativum bulbs were collected from the Ishaka market and authenticated by
the Botanist.

Plant extraction
This was performed according to Marhajan [287 method where Curcuma long rhizomes, Allzum sativum bulbs were
collected, washed thoroughly with clean distilled water and later disinfected with 75% alcohol then dried and cut
into small pieces which were later pound by use of a sterile mortar and pestle to squeeze juice from it. Later the juice
was collected using a pipette into a clean sterile microcentrifuge tubes and spinned at 5000rpm for five minutes. The
centrifuged samples were later filtered 0.45um syringe filters.
Identification of Staphylococcus aureus
The test microorganism used in this study was a clinical isolate of methicillin-resistant Staphylococcus aureus that was
obtained from the microbiology laboratory. The isolate was initially subcultured on blood agar to observe the beta-
hemolytic pattern. This was later sub-cultured on mannitol salt agar to examine the formation of golden yellow
colonies of typical Staphylococcus aureus.
Antimicrobial resistance pattern of Staphylococcus aureus
To assess for the methicillin resistance of the confirmed Staphylococcus aureus above, Kirby Bauer disk diffusion was
performed according to the method described by Hudzicki [297] where an overnight culture was suspended into a
test tube containing normal saline and later picked by use of a sterile cotton swab and spread onto Mueller-Hinton
agar supplemented by 0.5% blood agar. This was allowed time to dry for ten minutes before antibiotic discs that is
Cefoxitin, Oxacillin were introduced. This was then incubated overnight at 87°C. The zones of inhibition of growth
were measured by use of a meter rule and interpreted using a standard chart of the Clinical and laboratory standards
institute (CLSI) 2018.
Preparation of the culture Media
Mueller-Hinton agar
15.2g of Mueller Hinton agar powder was dissolved in 400ml of distilled water in one conical flask of 500ml, and
mix completely. It was then sterilized by autoclaving at 121°C for 15 min, then pour the liquid onto the petri dish
and wait for the medium to solidify. Ensuring that the agar is prepared in the clean environment to avoid
contamination and after solidifying it.
Brain heart infusion broth
3.7¢g of Brain heart infusion broth was suspended in 100ml of distilled water. Mix well and dissolve by heating with
frequent agitation. Boil for one minute until complete dissolution. Sterilize at 121°C for 15 minutes. To prepare a
selective medium for fungi, the sterilized and melted should be cooled at 45-50°C before adding the appropriate
antibiotics. Occasionally a small amount of sediment may appear which should be re-suspended with a gentle swirl
before dispending
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Antibacterial susceptibility of extracts of Allium sativum, Curcuma longa, and their combination.

The antibacterial activity of extracts was tested using the agar well diffusion method. The agar plate surface was
inoculated by thin streaking of inoculum of Methicillin-Resistant Staphylococcus aureus uniformly over the entire agar
surface then five holes with a diameter of 6mm were punched aseptically with a sterile cork borer in 6 agar plates.

And a volume of 50ul of Allium sativum, Curcuma Longa, and a combination of extract solution at a concentration of
100%v/v and 50%v/v was introduced into the wells, and 50pl of 3opug/ml of positive control of vancomycin and
50pl of 0.85% of negative control (normal saline) were introduced as well in wells. Then agar plates were incubated
under suitable conditions at 37°C for 24 hours. The resulting zone of inhibition was measured using a meter rule
Determination of the minimum inhibitory concentration of Allium sativum and Curcuma longa and their
combination against methicillin-resistant S. aureus
The minimum inhibitory concentration of Allium sativum and Curcuma longa was determined by broth dilution
method by use of 96 well microtiter plate as described by Eve [117. Brain heart infusion broth was prepared
according to the manufacturer’s instructions after which 200ul was dispensed into wells of the microtiter plate. Test
organism suspension containing 1.5x108CFU/ml was prepared using normal saline by dissolving fresh colonies
while comparing with 0.5 Mc Farland standard solution. A two-fold serial dilution was used where 200pl (50%v/V)
of the individual stock solution of Curcuma longa and Allium sativum extracts were serially diluted by picking 200pl
and subsequently transferring it into the second well containing 200ul of the broth. This was performed
continuously by transferring 200pl until in the last well where the 200ul was discarded to maintain a uniform
volume. Similarly, a combination of Allium sativum and Curcuma longa extracts were serially diluted by a two -fold
serial dilution. Here, 200pl of the combination of the stock solution of Allium sativum and Curcuma longa extracts
were put into the first well of the microtiter plate and then transferred into the second well. This was repeated until
the last well where 200ul of the extract was discarded to maintain a uniform volume. 50yl of the diluted bacteria
equivalent to 1.0x10°CFU/ml added into each tube containing individual and combined serially diluted extracts.
Two controls were prepared where control one (positive control) contained broth and bacteria but without extract
to find out whether the broth supported the growth of methicillin resistant Staphylococcus aureus. Control two
(negative control) contained only broth without bacteria but with extract to find out if it was not contaminated by
other organisms. The microtiter plate was then incubated at 37°C overnight. After incubation 50 pl of 0.2 mg/ml
resazurin was added in all the wells of the microtiter and incubated at 37°C for 2 hours. The development of pinkish-
red color in the respective tubes was indicative of bacterial growth and blue solution was suggestive of no growth.
The lowest concentration of the individual and combined extracts that showed no color change compared to the
next well dilution was taken as the minimum inhibitory concentration (MIC) of the individual and combined juice
extracts against the test clinical methicillin-resistant .S. aureus.
Minimum bactericidal concentration (MBC) of Curcuma longa and Allium sativum and their combination
against methicillin-resistant S. aureus
Minimum bactericidal concentration (MBC) is described as the lowest concentration of medicinal plant extract
required to kill 99.9% of microorganisms on the agar plate assessed by picking the MIC contents in the microtiter
plate by use of a sterilized wire loop and inoculating them on the surface of Muller Hinton Agar plate. Wells without
visible growth were picked out and the solutions were subcultured onto freshly prepared Mueller Hinton Agar by
streaking on the agar surface after which incubated at 37°C for 24- hours. The concentrations of Curcuma longa and
Allium sativum that didn’t show visible growth on Muller Hinton agar plates were considered as the MBC Vuong et
al. [30].

Determination of FIC (Fractional Inhibitory Concentration)
FIC value was determined using the standard formula according to Akinyele [317].

FIC (extract) = MIC of the extract in combination

MIC of the extract alone.
Therefore, the sum of the FIC of the individual extracts gave the FFIC index as shown in the equation; FIC index =
FIC of Allium sativum + FIC of Curcuma longa.
The effect of the combination was classified as synergism, additive, indifference and antagonistic if the FIC (index)
is <1, =1, >1but <2 and >2 respectively.
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Ethical Considerations

The used culture, inoculum and plates were disposed in a way that does not cause harm to the environment and

minimizes the risk of infection in healthy individuals. They were autoclaved at 121° C for 20 min and then disposed

of in the bins in the laboratory.

Data Analysis
The measurements for inhibition zone diameters and the respective concentrations used were entered into Microsoft
Excel and then exported to Statistical Package for social science version-20 (SPSS-20) software for analysis. One-
way ANOVA was used to compute descriptive statistics of mean and standard error of inhibition zone diameters in
mm. Tukey’s post hoc test was used to obtain multiple comparisons between the antibacterial activity of plant
extract, positive control and negative control. Statistical significance was considered at P> 0.05 No significance.
P< 0.05 there is significance. Data was also analyzed and graphs drawn with Graph Pad prism version 4.

RESULTS
Identification of the bacterial isolate. (MRSA)
This was done on mannitol salt agar. The bacterial isolate was sub cultured on Mannitol salt agar to observe the
small yellow golden colonies after which the isolate was spread on blood agar plate for sensitivity testing to confirm
for methicillin resistance by use of the Kirby-Bauer method as seen in the figure below.

Figure 1: Showing MRSA on Mannitol salt agar plate after an overnight incubation

Antibacterial activity of Allium sativum, Curcuma longa juice extracts and their combination against MRSA
The susceptibility of Methicillin-resistant Staphylococcus aureus to Allium sativum extract, Curcuma longa extract, and
their combination was determined by agar well diffusion method where the diameter zones of inhibition in mm were
measured after 24 hours of incubation at 87°C and it was done in triplicate (8times), the final results were reported
as mean =SEM. The Allium sativum extract showed a high level of antibacterial activity with the highest mean and
standard error of the mean inhibition zone diameters of 21.67 £ 0.88 mm at a concentration 100%v/v compared at
a concentration of 50%v/v which showed a mean and standard error of the mean inhibition zone diameter of 21.33
+ 0.67 mm. However, the combined extracts showed a moderate level of activity with the moderate mean £SEM
inhibition zone diameters of 16.67 £ 1.67 mm at concentrations 100%v/v and 50%v/v. Furthermore, Curcuma longa
had a lowest level of activity with the lowest mean +SEM inhibition zone diameters of 7.00 £ 00 mm at a
concentration 100%v/v and 6.67 £0.33mm at a concentration of 50%v/v. The antibacterial activity of Allzum sativum
extract at (100%v/v) gave an inhibition diameter of (21.67 £ 0.88 mm) which was statistically significantly different
(p= 0.00) from that of Curcuma longa extract at a concentration of 100%v/v of which had a lower inhibition diameter
of 7.00+ 0. 00mm. There was a statistically significant difference (p= 0.02) between the antibacterial activity of
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combination extracts and Allium sativum extract at concentrations of 100%v/v and 50%v/v. The positive control
(vancomycin, 30mcg/ml) had an inhibition which was statistically significant difference (p= 0.02) from that of Allium
sativum extract and the combination showed a lower mean and standard error of the mean inhibition zone diameter
of 14.67 = 0.67 mm compared to Allium sativum extract 21.67 + 0.88mm and the combination 16.67 + 1.67mm. For
concentrations of the extracts used, there was a significant difference (p=0.000) between the extracts and the
negative control (Normal saline) which showed no inhibition zone diameter(0.0mm).
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Figure 2: Showing the antibacterial activity of Curcuma longa and Allium sativum against MRSA

Table 1: Mean and standard deviation of inhibition zone diameters (mm) of Allium sativum, Curcuma
Ionga juice extracts and their combination against MRSA

Meant SEM inhibition zone of diameter(mm)

Extracts Concentrations

Extracts 100%v/v 50%v/v
Allium sativum 21.67% 0.88 21.67+0.33
Curcuma longa 7.00%£ 0.00 6.67E 0.33
Combination (1:1) 16.6711.67 16.6711.67
Controls

Positive control

Vancomycin 14.67% 0.67
30 pug/ml
Negative control 0.000%£ 0.000

Normal saline
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Table 1 above shows the Mean and standard deviation of inhibition zone diameters (mm) of Allium sativum,
Curcuma longa juice extracts and their combination against MRSA. Value 20.05 is not significant and value < 0.05
is significant.
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Figure 3: Comparison of mean inhibition zone diameters of Allium sativum, Curcuma longa juice extracts
and their combination of 100%v/v and 50%v/v concentrations against MRSA.

a- Statistical significance Vs negative control

b- Statistical significance Vs Positive control

c- Statistical significance Vs Combination (1:1)

d- Statistical significance between Allzum sativum and Curcuma long
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The minimum inhibitory concentration of Allium sativum and Curcuma longa juice extracts and their
combinations

The study determined the minimum inhibitory concentration of Allium sativum and Curcuma longa juice extracts and Page | 38
their combination against methicillin-resistant .S. aureus, where MIC of Allium sativum was 25%v/v and for the
combination was 25%v/v and Curcuma longa had no MIC and Vancomycin had 3.73ug/ml as shown in figure 4

below.
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Figure 4: showing Minimum Inhibitory Concentration (MIC) of Allium sativum (AS), Curcuma longa (CL)
juice extracts and their combination (COM), Positive control (pos), Negative control (Neg) against
methicillin resistant S. aureus

Table 2: Showing MIC values of the Allium sativum and Curcuma longa and their combinations against
MRSA

Plant extracts
Allium sativum Curcuma longa Combination

(%v/v) 25 0 25
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Minimum Bactericidal Concentration (MBC) of Allium sativum and Curcuma Ionga juice extracts and their
combination against MRSA

All concentrations that were considered for MBC had visible growth of bacteria MRSA as shown in figure below
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Figure 5: Showing the MBC of Curcuma longa and Allium sativum against MRSA on Muller Hinton agar
plate
Determination of FIC (Fractional Inhibitory Concentration)
FIC value was determined using the standard formula:
FIC (extract) = MIC of the extract in combination
MIC of the extract a lone.
FIC (Allium sativum extract) = 25 =1
25
The FIC of Curcuma longa was =0
FIC index = FIC of Allium sativum + FIC of Curcuma longa.

FIC index = 1 + 0 = 1 Therefore the combination of the two extracts exhibited antagonist antibacterial effect

DISCUSSION

Bacterial infections are considered one of the most contributors to human illness and death in developed and
developing worlds. Various microbes have evolved over and over again to gain resistance to a number of available
antimicrobials evidenced by methicillin-resistant Staphylococcus aureus which accounts for about 50,000 deaths every
year in the united states [327). These resistant strains are a major threat to human health which requires an urgent
intervention to combat such a challenge, especially with the use of nature as a potential source for drug discovery
[327. Therefore, this study aimed at evaluating the synergistic antibacterial effects of crude juice extracts of Allium
sativum and Curcuma longa against Methicillin-resistant Staphylococcus aureus. The antibacterial effects of the juice
extract against Staphylococcus aureus were determined by agar well diffusion method as described by [117. The
present study revealed that Allzum sativum crude juice extract exhibited high antibacterial activity with the highest
mean and standard error of the mean of inhibition zone diameters of 21.67£0.88mm at (100%v/v) compared to
21.88+0.67mm at (50%v/v). The high antibacterial activity of Allzum sativum is attributed to the bioactive compound
allicin found in fresh garlic [157].

On the other hand, the study revealed no activity of Curcuma longa against MRSA when used alone due to sequential
mutations resulting in the thicker cell wall and the production of a protein called PBP2a which is able to avoid the
inhibitory effects of the antibiotics by MRSA [27]. Some studies however, have shown the antibacterial effect of the
Jjuice extract of Curcuma longa against Staphylococcus aureus despite the fact that a small zone of the diameter of
inhibition was recorded at a high concentration of 500mg/ml. This is different from the current study where a crude
juice extract of Curcuma longa was used. Secondly, our study used Methicillin-resistant Staphylococcus aureus
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compared to Kasta [33-407 who reported the activity of Curcuma longa against methicillin-sensitive Staphylococcus
aureus.

The 1:1 combination of Allium sativum and Curcuma longa crude juice extracts (100%v/v and 50%v/v) showed a
lower mean and standard error of the mean inhibition zone diameter of 16.67 & 0.67 mm compared to Allium sativum
extract 21.67 £ 0.88mm due to antagonism interactions between bioactive compounds. The results obtained in this
study are contrary to the results obtained by Maharjan et al. [287] due to the difference in extraction methods used.
Secondly, this could be due to different mechanisms of action of the two extracts which would interfere with the
other’s activity. The negative control 0.85% normal saline did not have any antibacterial effect against Methicillin-
resistant Staphylococcus aureus indicative that does not have bioactive compounds. Nevertheless, this study revealed
a high-level activity of the extract (100%v/v) (Allium sativum) against MRSA compared to the standard drug
(vancomycin) (80pg/ml). This is attributed to the organosulphur compound allicin which has been shown to inhibit
bacterial growth by disrupting the cell membrane and inhibiting DNA replication of MRSA ['16, 347]. The minimum
inhibitory concentration of Allium sativum was 25%v/v against the test organism which is in line with results
obtained by Magrys et al. [157. However, his study revealed a lower MIC value of 6.25% against MRSA compared
to our study which reported a higher MIC value of 25%. Nonetheless, Magry$ ez al. [157] reported a higher MIC
value of 50%v/v against vancomycin-resistant Enterococcus faecalis which is contrary to the present study that
reported a lower MIC of 25%v/v against MRSA. Similarly, the MIC of the combination of the crude juice extracts
of the Allium sativum and Curcuma longa was 25% v/v which is in line with results obtained by Maharjan et al.
[287].Curcuma longa also contains bioactive compounds with antibacterial activity, such as curcumin, which has been
shown to inhibit the growth of a range of bacteria. However, the antibacterial activity of turmeric extract in this
study was lower due to mutations in the thicker cell wall and the production of a protein called PBP2a which is able
to avoid the inhibitory effects of the Curcuma longa juice extracts against MRSA [27. The (FIC value=1) of the
combination of the extracts revealed an antagonist effect as reported by Maharjan et al. [287].

This study revealed no bactericidal action of the extract against the test organism (MRSA) which was not in line
with the MIC results where an inhibitory effect of the extract against the test organism was visibly seen. This is
indicative of the bacteriostatic nature of the used crude juice extract. This is contrary to the results obtained by
Magry$ et al. [157] where their study revealed a bactericidal action against the test organisms.

CONCLUSION
The combined effect of the study extracts (Allium sativum and Curcuma longa) was an indication of the additive effect
of such a combination against the test organism. The extract only exhibited a bacteriostatic action against the test
organism at all concentrations hence the test organism is likely to develop resistance against such extract. The n
vivo study of the combination of the test extract together with its toxicity is advised.
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