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Abstract

Background and Objectives: Maturity of a plant is preceded by complex reactions, which leads to the production of a wide range of
bioactive compounds with different therapeutic properties and possible toxicity. This study evaluated the antibacterial activities and
toxicity of C. argentea at three growth stages; pre-flowering, flowering and post-flowering of two trials. Materials and Methods: Agar
dilution technique was used for evaluation of antimicrobial action of C argentea against three Gram-negative, three Gram-positive
pathogenic bacteria and four fungi; while ciprofloxacin and nystatin were used as standards, respectively. The preliminary toxicity
assessment was evaluated using Brine Shrimp Lethality Assay (BSLA), with amoxicillin and sea water as the negative and positive controls,
respectively. Results: Acetone extracts were unable to inhibit the growth of all the organisms tested in all growth stages and at both trials.
Streptococcus pyrogenes and P. aeruginosa were susceptible to the methanol extracts of all the growing phases of both trials at
10 mg mL~", while Alebsiella pneumoniae was susceptible at 10 mg mL~" to only the methanol post-flowering extracts of both trials.
Moderate to high antifungal activity of the crude extracts of C argentea were recorded on all the tested fungal strains. Candlida albicans
and P. aurantiogriseum were highly susceptible to the extracts with MIC value ranging from <0.625-5 mg mL~" in both trials. The LCs,
(>1 mg mL™") values for C. argentea extracts recorded for all the growth stages of Artemia salina indicated that the plant extracts were
non-toxic. Conclusion: These findings indicated that maturity stage influence antimicrobial activity of C. argentea. The best time to
harvest for antibacterial properties would be the post-flowering stage and the pre-flowering stage for antifungal. Toxicity evaluation
showed that C argentea is not toxic at any stage of maturity.
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INTRODUCTION

Developmental stages of plants are accompanied by
series of secondary metabolism and the accumulation of
secondary metabolites which demarcates the onset of one
growth stage fromanother'. Plants synthesize different groups
of biologically active compounds such as; phenols, flavonoids,
tannins, resins and many other metabolites which mediate
interactions with other organisms and their environment as
they attain maturity. Furthermore, the composition of these
compounds varies widely depending on the plant species,
topography, seasonal changes, farming practices, age at
harvest and their association with their micro-biome;
hence, variation in chemical composition modifies their
pharmacological activities?.

The persistence of microbes in the environment and their
interaction with humans is central to most infections and
illnesses3. Clinical discoveries have provided an increased
understanding of the complexity and emergence of infectious
diseases caused by microbes; as a result, different groups of
broad-spectrum antibiotics have been produced to inhibit or
kill the growth of micro-organisms. The continuous and
inappropriate use of antibiotics has led to microbial resistance,
with increasing frequency of side effects. Thus, there is a
renewed interestin exploring alternative antimicrobial models
with different mechanisms of action and with little or no
adverse effects®.

More recently, plants extracts have been reported to
possess excellent antimicrobial properties®. Antimicrobial
metabolites produced by plants can be as a result of normal
plant growth and development (anticipins) or response to
microbial attack by transcriptional activation of genes for
biosynthetic pathways (Phytoanticipins). These constitutive or
triggered antimicrobial chemicals are usually stored in
specialized organs or tissues such as; leaves, stems, roots and
flowers of plants®.

Interpreting the level of accumulation of antimicrobial
metabolites across developmental stagesin order to ascertain
when the plantis most efficientagainst microbes and the level
at which it becomes toxic to humans represents a substantial
challenge for plant scientists.

In spite of various claims on the efficacy of plant
medicines, preference of consumers for natural therapies and
the belief that herbal products are superior to synthetic drugs;
the problem of their safety, purity, efficacy and quantification
continues to be a major concern’. Very little information is
available regarding the toxicity of most phytomedicines; only
a small fraction of the diversity of traditional plant-based
medicines is published in pharmacopoeias®. Some medicinal
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plants have been reported to cause adverse reactions and
contraindications which could lead to life-threatening
injuries °. In order to reduce adverse effects caused by the use
of herbal medicines, there is need for through scientific
validation on the toxicity of these plants™.

Several assays are used for the research of potential
toxicity of plant extracts based on different biological models;
of all the toxicological testing techniques on /n vivo studies,
one of the economical, easy to experiment and reproducible
toxicity test is the brine shrimp lethality test. Several
toxicological studies have reported the use of Brine Shrimp
lethality assay for the evaluation of toxicity of heavy metals,
medicines, plant extracts, dental materials, cyanobacteria
toxins, pesticidal and antiviral compounds'"'2,

Celosia argentea belonging to the family Amaranthaceae,
isone of the major green leafy vegetables widely known for its
nutritional and medicinal values in the tropical, subtropical
and temperate zones of Africa, south America and South
East Asia'®. The species are used in traditional remedies for
various diseases including, haemorrhoids, gonorrhea, eczema,
gynaecological disorder, piles, mouth sores etc'. It has also
been found to be effective in the treatment of inflammations,
antidote in snake poison, abscesses and skin eruptions'.
Celosia argentea is also known pharmacologically for its
antispasmodic, antifungal, antibacterial, nutritive, bile juice
increase, antiurolithiatic and anti-inflammatory properties's.
While, there are various reports on the nutritional folkloric
and pharmacological uses of this plant, there is a dearth of
information on the accumulation of anti-microbial metabolites
and toxic chemical compounds across developmental stages
of C argentea and the correlation between the compounds
responsible for antimicrobial action and the possible toxicity
at different growth phases.

Therefore, this study was conducted to investigate the
growth stage at which Celosia argentea is most potent for
antimicrobial activity and to evaluate its possible potential
toxicity using the brine shrimp lethality assay (BSLA).

MATERIALS AND METHODS
Plant source and study site: Mature seeds of Celosia
argenteaobtained from an Agro shop in Nigeria were planted
in plastic pots filled with compost soil (Khanya Nursery, Alice
Eastern Cape, South Africa) in the glass house of the University
of Fort Hare, Alice 5700 Eastern Cape, South Africa. Study site
lies atlatitude 32°47'-19°26’S; longitude 26°50"-42°306'E and
altitude of 514.70 m above sea level. Three harvest periods of
two trials: pre-flowering (PRE, leaves and stem were harvested
when the first flower was sighted), flowering (FLW, harvest
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was done when 50% of all the plants had flowered) and
post-flowering (PST, harvest was done when the flowers were
few and dropping) stages were used for the investigation.

Thefirst trial was conducted from October, 2017-January,
2018 and the second trial was from March-May, 2018. The
plant was authenticated by a taxonomist while a voucher
specimen (Ade/med/2017/01) was deposited at the Giffen
Herbarium, University of Fort Hare, South Africa.

Preparation of crude extracts: After each harvest, the aerial
part of the plants (stem and leaves for pre-flowering; stem,
leaves and flowers for flowering and post-flowering) were
rinsed with deionized water to remove dirt, then oven-dried
at 40°C for 72 h. The dried leaves were pulverized with an
industrial electric blender (Hamilton Beach, HBF 500s series,
Canada). About 200 g of the ground sample was agitated
constantly for 72 h using a shaker (Gallenkamp incubator
orbital shaker) individually in 1.5 L of distilled water, acetone
or methanol. The solution was thereafter filtered using
Whatman No. 1 filter paper, a Buchner funnel and vacuum
pump. The aqueous extract was concentrated by using a
freeze dryer (Vir Tis Co, Vir Tis benchtop K, Gardiner, NY), while
a rotary evaporator (Strike-202 Steroglass, Italy) was used to
vaporize the acetone and methanol extracts at their respective
boiling points. The dried extracts were stored at 4°C in a
refrigerator (Polyscience AD15R-40-A12E, USA) until needed.

Antimicrobial assay: Antimicrobial activity of extracts
from C argentea was assessed against 3 Gram-positive
(Staphylococcus  aureus (OK), Bacillus subtilis KZIN and
Bacillus cereus) and 3 Gram-negative (Klebsiella pneumonia
(ATCC 4352), Pseudomonas aeruginosa (ATCC 19582) and
Escherichia coli (ATCC 8739) bacterial strains. The fungal
strains used were Penicillium chrysogenum (ATCC 10106),
Candida glabarata (ATCC 66032), Candida albicans (ATCC
10231) and Penicillium aurantiogriseurn (ATCC 16025). The
organisms were chosen primarily on the basis of their
importance as opportunistic pathogens of humans and
food deterioration and were obtained from the
Microbiology Unit of the Medicinal Plants and Economic
Development (MPED) Research Centre, Botany Department,
University of Fort Hare.

The modified Clinical and Laboratory Standard Institute
(CLSI) agar dilution assay as described by Wiegand eta/' and
the European Committee for Antimicrobial Susceptibility
Testing'® were employed for the assays. Briefly, Mueller-Hinton
and Sabouraud Dextrose agar were prepared by following the
manufacturer’s description, autoclaved and allowed to cool
at 55°C. Stock solutions of the extracts were prepared in
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dimethyl sulfoxide (DMSO). Two-fold serial dilutions of
C argentea extracts and the standard drugs [(ciprofloxacin
(antibacterial) and nystatin (antifungal)] were prepared to
give concentration range of 12.5, 25, 50 and 100 mg mL~"in
the respective broth.

Direct colony suspension method was used to prepare
the inocula to give colony suspensions of 1X10% and
5X10° CFU mL~" for bacteria and fungi, respectively. The
agar media containing the extracts and standards was
poured into Petri dishes, swirled gently until the agar began
to set and left overnight for solvent evaporation. Thereafter,
10 pL each from the prepared inocula was spotted on the
surface of the solidified agar to give the desired final inoculum
of 1X10*CFU/spotand 1 X103 CFU mL~" for the antibacterial
and antifungal assays, respectively. The plates were incubated
under aerobic conditions at 37°C and antibacterial readings
were taken at 24 h, while the readings for the antifungal effect
(incubated at 30°C) were taken at 72 h.

The Minimum Inhibitory Concentrations (MIC) were
determined as the lowest concentrations of the
extracts/standards at which no bacterial or fungal growth was
visible after 24 h for bacterial and 36 h for fungal strains.

Toxicity assay using artemia salina: Toxicity was evaluated
as described by Unuofin et a/™ with slight modifications.
Briefly, seawater (blank control) was filtered by using a
vacuum pump to remove silt. Thereafter, 90 mL of varying
concentrations (0.0625-1 mg mL™") of the crude extracts
(dissolved first in 1 mL DMSO) in seawater was prepared.
Amoxicillin (positive control) was also prepared in like fashion,
but was dissolved directly in seawater. Ten Brine Shrimp
nauplii (larvae) was introduced into the prepared crude
extracts and controls. Reading was taken every 12 h and the
amount of living nauplii was recorded. The experiment stood
for72 hand waswellilluminated during the whole period. The
percentage Lethality was calculated as:

Total nauplii — Alive nauplii
Total nauplii

Lethality (%) = %100

Half-lethal concentration (LCs;): Dose-response curves and
the LCs, values were determined by using the data obtained
from the percentage lethality of the extracts at different
concentrations, growth phases and control experiments.
The concentration required for generating 50% lethality of the
nauplii (LCs,) were determined from the best-fit line obtained
by regression analysis of the percentage lethality against
concentration.



J. Biol. 5ci,, 19 (4): 280-289, 2019

Data analysis : All data in the lethality assay were expressed
as meanzstandard deviation (SD) of three replicates.
Statistical analysis was performed by using one-way analysis
of variance (ANOVA), where data showed significance at
p<0.05, means were separated by Fischer’s LSD with the aid
of MINITAB 17 statistical package.

RESULTS

Antibacterial activity: The minimum inhibitory concentration
of the antibacterial activity of the different crude extracts of
C argentea are as shown in Table 1. Very low to no inhibitory
activities were observed for all the organisms at all the
concentrations tested. All the organisms were resistant to the
acetone extracts at all stages of growth and trials, but
susceptible to the aqueous extracts of the post-flowering
stage in both trials and the flowering stage of the second
trial. Streptococcus pyogenes and P. aeruginosa were
susceptible to the methanol extracts of all the growing
phases of both trials at 10 mg mL~" except the post-flowering
stage of the 2nd trial where the latter was inhibited at
5 mg mL=". Klebsiella pneumoniae was only susceptible at
10mgmL~" to the methanol post-flowering extracts in

both trials. In contrast, all the organisms were highly
susceptible to ciprofloxacin (the positive control) with MIC
that ranged from <0.125-0.25 ug mL—".

Antifungal activity: The MIC of the antifungal investigation
(Table 2) revealed moderate to high antifungal activity of
the crude extracts of C argentea. Candida albicans and
P. aurantiogriseum were highly susceptible to all C argentea
extracts with MIC ranging from <0.625-5 mg mL~" in both
trials. However, the aqueous and methanol extracts of the
pre-flowering stage gave the best inhibitory activity on these
organisms for both trials.

Toxicity evaluation: Response of the Brine shrimp nauplii to
extracts of C argentea, amoxicillin and seawater for both trials
is shown in Fig. 1: The percentage lethality of the extracts
ranged from 0.83-5.5% in the first trail and from 0.83-5.17%
in the second trial. The acetone extracts exhibited the highest
lethality against brine shrimp at all stages of growth, while the
aqueous extract was the least lethal for both trials. All the
crude plant extracts of both trials and seawater did not show
any statistical significance at p<0.05, but were, however,
statistically different from the control (p>0.05) which had a
lethality of 22.33+3.95%.

Table 1: Minimum Inhibitory Concentrations (MICs) of C argentea extracts from different growth stages on selected Gram-negative and Gram-positive bacteria

First trial Second trial

Pre-flowering Flowering Post-flowering Pre-flowering Flowering Post-flowering Standard

(mg mL™") (mg mL™") (mg mL™) (mg mL™) (mg mL™") (mg mL™") (ug mL™")

Aqu Ace Meth Aqu Ace Meth Aqu Ace Meth Aqu Ace Meth Aqu Ace Meth Aqu Ace Meth Cip
S. pyrogenes(+ve) >10 >10 10 >10  >10 10 10 >10 10 >10 >10 10 10 >10 10 10 >10 10 <0.125
B. subtilis (+ve) >10 >10 >10 >10 >10 >10 >10 >10 >10 >10 >10 >10 >10 >10 >10 >10 >10 >10 <0.125
S. aureus (+ve) >10 >10 >10 >10 >10  >10 >10 >10 >10 >10 >10 >10 >10 >10 »>10 >10 >10 >10 <0.125
K. pneumoniae(-ve) >10 >10 >10 >10 >10 >10 >10 >10 10 >10 >10 >10 >10 >10 >10 >10 >10 10 0.25
E. coli(-ve) >10 >10 >10 >10 >10  >10 >10 >10 >10 >10 >10 >10 >10 >10 »>10 >10 >10 >10 <0.125
P. aeruginosa(-ve) >10 >10 10 >10 >10 10 >10  >10 10 >10  >10 10 >10 >10 10 >10 >10 5 0.25

Aqu: Aqueous extract, Ace: Acetone extract, Met: Methanol extract, Cip: Ciprofloxacin, >: Value greater than the highest concentration tested and <: Value lesser than

or equal to the lowest concentration tested

Table 2: Minimum Inhibitory Concentrations (MICs) of C. argentea extracts from different growth stages on selected fungi at 36 h

First trial Second trial

Pre-flowering Flowering Post-flowering Pre-flowering Flowering Post-flowering

(mg mL™") (mg mL™") (mg mL™") (mg mL™") (mg mL™") (mg mL™")

Aqu  Ace Meth Aqu Ace Meth Aqu Ace Meth  Aqu Ace Meth Aqu Ace Meth Aqu Ace Meth Nys
P. chrysogenum  >10 >10 >10 >10 5 >10 >10 >10 >10 >10 >10 >10 >10 5 >10  >10 >10 >10 8
C albicans 1.25 5 <0625 25 25 <0625 25 25 125 <0.625 5 <0.625 25 25 125 5 5 1.25 8
C glabrata >10 >10 >10 >10 >10 >10 >10 >10 >10 >10 >10 >10 >10 >10 >10 >10 >10 >10 4
P. aurantiogriseum <0.625 5 <0625 2.5 125 <0625 25 25 <0625 <0625 5 <0625 <0625 <0625 125 5 25 <0625 8

Aqu: Aqueous extract, Act: Acetone extract, Met: Methanol extract, Nys: Nystatin, >: Value greater than the highest concentration tested) and <: Value lesser than or

equal to the lowest concentration tested
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Fig. 1: Percentage lethality of crude extracts of C argentea harvested at different growth stages and controls against

Artemia salina nauplii
Means are values of five concentrations of the crude extracts/control = SD of three replications. Bars with different letters are significantly different from each
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Fig. 3(a-b): Effect of exposure time to the crude extracts of C argenteaon the mortality of A. salina, (a) First trial and (b) Second

trial
Values are means of the replications (of all the concentrations) for each extract/controls=SD

Table 3: LGy, of C argentea on Artemia salind's nauplii Figure 2 shows that lethality for all the extracts was
imaas ; Lo (mgmL™)  concentration dependent and increased with concentration.
irst tri . )
st tria At the highest concentrations (1 mg mL™"), the aqueous
Pre-flowering Agqueous >1 .
Acetone o1 extracts showed lethality of 4.17+0.51% at all stages of
methanol >1 growth in the first trial and 2.921+0.52% (pre-flowering),
Flowering Aqueous >1 3.33+0.49% (flowering) and 4.17+0.51% (post-flowering)
Acetone > in the second trial. The highest lethality was recorded at
methanol >1 .
. 1 mgmL~" of the acetone extracts for both trials.
Post-flowering Aqueous >1 ; o
Acetone -1 Assessment of the extracts against nauplli incubated at
methanol >1 different exposure times (Fig. 3) showed that lethality of
Second trial extracts against nauplii was time dependent. The first trial
Pre-flowering ﬁq“teous >: showed 0% in all the crude extracts at 12 h, but in the
cetone > . . .
methanol 1 second trial, there was 0.3% and 1%0.32% mortality in
Flowering Aqueous >1 aqueous flowering and acetone pre-flowering/methanol
Acetone >1 post-flowering, respectively. The highest lethality of the
methanol >1 extracts against the brine shrimp was recorded after 72 h of
Post-flowering Aqueous >1 . . . . .
Acetone ¢ incubation with all the acetone extracts. Seawater maintained
methanol o1 an average lethality of 1.11+0.57% all through the time of
Standard drug Amoxicillin 0.75%0.10 exposure.
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The half minimal concentrations (LCs) required to kill
50% of the larvae (nauplii) is shown in Table 3. All the extracts
and seawater exhibited LCs, >1 mg mL~", while amoxicillin
showed LCy,0f 0.75+0.10 mg mL~".

DISCUSSION

Over the years, there has been a decrease in microbial
susceptibility to existing antimicrobial agents responsible for
critical point drug resistance in the healthcare sector®. As a
result, secondary metabolites from natural sources such as
plants have formed the basis for drug development, because
they are being produced within the living systems, they are
perceived to exhibit more similarities to drugs and show more
biological friendliness than synthetic drugs?'. However, various
studies of plants in natural communities have found
inconsistent patterns of allocation to secondary metabolites
across the developmental stages of plant life?22, Also, the
diversity of secondary metabolites in plants, which may either
be distributed throughout the plant or occur only in specific
structures or locations are independent of each other; hence,
quantifying the distribution of biologically active compounds
at different stage of plant maturity could help identify when
a plant is most potent for a particular medicinal property.

The low inhibitory activity recorded at the pre-flowering
and flowering stage of the plant, is a pointer that harvest time
of C argentea has significant effect on the antibacterial
potential of the plant. This knowledge is very imperative in
decision making as it gives firsthand information on when in
harvest this species for antibacterial purposes. The methanol
extract showed better inhibitory activity than the other
solvents used in this study.

Thisis an indication that different solvents have different
ability to extract diverse bioactive compounds from plants.
This is also important as it could serve as a guide to the
right choice of solvent in bioactivity screening. The
methanol extract at all growth stages in both trials
inhibited S. pyrogenes; which is a group A Streptococcus
that has developed complex virulence mechanism of
maneuvering host defenses and is responsible for causing
acute life threatening infections like pharyngitis, impetigo,
rheumatic fever and cellulitis to mention a few?2%., This
suggested that C argentea could be an important
therapeutic agent in the treatment and management of the
above-mentioned infections. Also, inhibited was P, aeruginosa
which is known to cause urinary tract infections
(UTls), respiratory, dermatitis, gastrointestinal infections and
a variety of systemic infections. It is also responsible for
nosocomial and ventilator-associated pneumonia?’.
Development of resistance to multiple antibiotics is also a
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known trend associated with 2. aeruginosa; as it has the
ability to form biofilms®. The ability of C argentea to
inhibit the growth of this organism could account for
its ethnopharmacological report as an antispasmodic,
anti-inflammatory and antiurolithiatic agent®. Alebsiella
pneumoniae was susceptible to the methanol post-flowering
extracts of both trialsat 10 mg mL~". This also corroborated
the results of Thakur®, who reported the inhibition of
K. pneumoniae by C. argentea plant extracts. This suggests
that C argenteamethanol extracts could have the potential of
managing infections caused by A pneumonia. However,
Okpako and Ajibesin®' reported very good antimicrobial
activity of C argentealeaf, stem and root on selected bacteria
and fungi with MIC that ranged from 12.5-50 yg mL~"
and MBC range of 25-50 ug mL~". This high level of activity is
in contrast to the low antibacterial activity observed in this
study and could be due in part to the plant material and
location; while Okpako and Ajibesin®' got their plant in
the wild and different geographical region of Nigeria, the
C argentea used for this study was raised in a regulated
nursery with no stress condition whatsoever in South Africa.

The antifungal evaluation of C argentea showed very
good inhibitory activity against selected fungi. Similar to the
antibacterial activity, the methanol extracts of the first and
second trial showed the best antifungal activities with MIC of
<0.625 for C. albicans and P. aurantiogriseum.

Candida albicans is responsible for several infectious
diseases which are not limited to vaginal yeast infections,
thrush, diaper rash and candidemia; it causes the invasion of
the organs throughout body as a result of the contamination
of the bloodstream?®2. The susceptibility of C albicans to
C argentea extracts justified the antifungal properties of the
plant and could serve as the basis for producing a functional
drug for the management of candidiasis.

Overall, minimal antibacterial activities were observed
when compared to the antifungal activities of the plant
extracts. Similar to our results, Kasim et a/* reported a low
antibacterial activity of C argentea methanol extract on
4 bacterial species with a MIC which ranged from
50-100 mg mL-". There was no positive correlation in the
antibacterial and anti-fungal properties of C argentea. These
resultsindicates that C argenteais likely to possess more than
one active compound responsible for the inhibition of
microbes.

Ethnopharmacologically, plant derived antimicrobial
agents have been used in traditional medicine for the
treatment of different kinds of infections. However, owing to
the chemical diversity of plants secondary metabolites, plant
extracts with efflux inhibitory activity against microbes could
have other target sites than antimicrobial inhibition and
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subsequently become toxic at a certain level®*. This is
because a desired activity of a crude plant extract is brought
about by synergistive interactions rather than a single
component®. Ginovyan et a/* reported that plant-derived
antimicrobial chemotypes are far from ideal due to
undesirable side effects or toxicity, hence, there is the urgent
need to investigate potential toxicity from crude plant
extracts.

Meyer et a/3 and Bastos et a/*® indices of toxicity states
that LGy, greater than 1 mg mL~" is not toxic; LCg, greater or
equal to 0.5 mg mL~", but not greater than 1 mg mL~" are
considered to have weak toxicity, while LCsy values less than
0.5 mgmL~"are toxic. The outcome of this study revealed that
all the extracts from the different growth stages are not toxic
as they all have LCsy values >1 mg mL~". Stemming from this
premise, all the crude extracts of C argentea in this study
could be considered safe for consumption and can further be
explored as a source of plant-based pharmaceutical. The
effect of time of exposure to ascertain if prolonged exposure
to the crude extracts would have adverse effect on the nauplii
also showed that exposure in the extract up to 72 h did not
result to significant lethality.

CONCLUSION

To the best of our knowledge, this is the first report of the
effect of growth stages on the antimicrobial and toxicity of
C argentea. The study revealed that maturity could influence
the bioactivity of C argentea especially with respect to
antimicrobial  activity. The post-flowering stage of
C argentea exhibited the best anti-bacterial  activity,
while the pre-flowering stage exhibited the best
anti-fungal activity. Also, the plant did not show a toxic
effect on Brine shrimp even at the highest concentration
used in this study. Therefore, C. argenteais considered safe
for consumption and the development of natural
therapeutic agents against opportunistic diseases of humans
and animals.

SIGNIFICANCE STATEMENT

This study gives insights on the antimicrobial activities
and possible toxicity of Celosia argentea  across
developmental stages. The study revealed that there is a
significant variation in the antimicrobial activities of this plant
at different growth stages. Furthermore, the stage of growth
at which the plant is more potent against bacterial strains
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(post-flowering stage) differs from the stage of growth at
which the plant showed best inhibitory activity against fungal
strains (Pre-flowering stage). Extracts of Celosia argentea
were found to be non-toxic at all stages of growth, even at the
highest concentration tested. These findings can be beneficial
for the development of natural therapeutic agents from
Celosia argentea extracts against opportunistic diseases of
humansand animals. Finally, this study will help plant scientist
toidentify and interpret the best stage of growth at which this
plant accumulate phytocompounds responsible for certain
biological activities and the level at which it becomes toxic to
humans.
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