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In southern Nigeria, Diodella sarmentosa leaf is traditionally used in the treatment of various
microbial infections. This work, therefore, aimed to establish the science behind the traditional
use of the ethanol leaf extract of the plant for the treatment of microbial infections. Volatile
organic compounds in the ethanol leaf extract of the plant were assessed using gas
chromatography equipped with mass spectrometry (GC-MS). The activity of the extract on
selected microorganisms and, their total dehydrogenase enzyme were assayed. Various volatile
compounds were revealed by the GC-MS analysis with the major constituents being squalene
(29.50%), Phytol (24.68%), 3-Pentadecyl-phenol (18.58%), 3-Methyl-1-butanol Isopentyl
alcohol (9.09%), and Hexadecanoic acid (7.78%). The antimicrobial activity of the extract was
first determined on six selected gram-negative (Salmonella typhi and Escherichia coli), gram-
positive bacteria (Bacillus subtilis and Staphylococcus aureus) and fungi (Candida albicans and
Pennicilium spp) isolates. Bacillus subtilis, Candidas spp and Penicillium spp recorded higher
zones of inhibition than the others. As a result, further studies of the extract effect on the
dehydrogenase activity of these three most sensitive microorganisms were studied. The activity
of the enzyme from Candidas spp, Penicillium spp, and Bacillus subtilis was progressively
inhibited at increasing extract concentrations from 0 to 2000 mg/mL; and the threshold extract
inhibitory concentrations (1Cso) were 275 mg/mL, 322 mg/mL, and 411 mg/mL, respectively.
From the findings, it can be concluded that the ethanol leaf extract of Diodella samentosa which
is rich in antimicrobial volatile organic compounds inhibited microbial dehydrogenase activity.

Keywords: Diodella sarmentosa, Volatile Phytochemicals, Microorganisms, Dehydrogenase
enzyme.

Introduction

may enable it to act at different sites on the microbial targets. The
antimicrobial property of plant-based regimens is widely reported “®

The widespread antimicrobial-resistant pathogens are a
global threat, and of major concern is the rapid global spreading of
"superbugs" which has been established as the causative agents of
major untreatable infections using the existing antibiotics. Drug-
resistant fungi are a source of major concern given the difficulties
associated with the treatment of fungal infections.*

Given this, research efforts are now geared towards proffering
solutions to this emerging global challenge. With the increasing
ineffectiveness of the existing antibiotics amidst the rising global
spread of these resistant pathogens,” plant extracts offer an alternative
source of sustainable antimicrobial agents.

Over the years, plant-based regimens have remained effective agents
for combating microbial infections; and the continuous efficacy of
these agents against bacteria, fungi and viruses may portent its
reduced adaptability to microbes.® More so, the synergistic effects of
the various phytochemical components of the plant-based regimen
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and, their mechanisms of action have also been recorded.”®

D. sarmentosa is a perennial plant with alternating leaf arrangement
on the stem. It is a common plant in the forest of tropical Africa.® It
has been reported to poses anti-diabetic property™® ' and; has also
been found useful in the treatment of eczema, injury, and oedema'®*®
among the locals in southern Nigerian, and has been found to have
antioxidant'“and anti-inflammatory™® properties.

However, it has been reported that the viability of microbial
population depends on oxido-reduction metabolism™® which in turn is
catalyzed by oxido-reductases and includes dehydrogenase with
Enzyme Commission number of 1.1.1 (EC 1.1.1).® Therefore, the
assessment of the total dehydrogenase inhibitory property of the
ethanol extract of D. sarmentosa is aimed at revealing the presence of
volatile antimicrobial bioactive agents in the extract since the leaf
extract of the plant is known to be used among the locals in southern
Nigeria for the treatment of micobial infections.? The uniqueness of
our research stems from the fact that this is the first time the ethanol
extract of the plant is assessed for its volatile constituents, as well as,
its viability against microbial dehydrogenase enzyme.

Materials and Methods

Plant collection and preparation

The leaves of Diodella sarmentosa were collected from the premises
of Federal University of Technology Owerri (FUTO), Imo State, in
April 2016, and the plant was identified by Mr. Farauwa Francis, a
taxonomist in the department of Forestry and Wildlife, FUTO. A
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voucher specimen (voucher number 001/FWT/FUTO/2016) was
deposited in the herbarium. The fresh leaves were thoroughly washed
with clean running tap water 2 — 3 times and then air-dried at room
temperature for two weeks. The air-dried leaf sample was pulverized
and stored in an air-tight container at room temperature. The
pulverized sample (20 g) was mixed with 500 mL of 95% ethanol at
the temperature range of 60 to 65 °C for 24 hrs using soxhlet extractor.
The resultant mixture was concentrated in-vacuo and finally dried
over a water bath at 39°C to obtain a dark gummy mass extract (23%
yields). The resulting viscous semi-solid extract was stored in an air-
tight container wrapped with aluminum foils in a refrigerator at -4°C
for further analysis.

Identification of volatile constituents

The crude ethanol leaf extract of D. sarmentosa was analyzed for the
quality and quantity of the volatile phytochemicals present in it using
the GC-MS technique. The GC-MS was performed on a Thermo
Scientific Co, Thermo GC-TRACE Ultra Ver. 5.0, thermo MS DSQ
11. Experimental conditions of GC-MS include; BS-MS dimension: 30
Mts, ID: 0.25 mm, Film thickness: 0.25 pm. The flow rate of the
mobile phase (carrier gas: helium) was set at 1.0 mL/min. In the gas
chromatography part, the temperature program (oven temperature)
was initially 40°C and was raised to 150°C at 10°C/min. The
temperature was again raised to 230°C/min at the rate 5°C/min and the
process continued till the temperature remained constant at 280°C at
the rate of 20°C/min which was held for 8 minutes. The injector port
temperature remained constant at 280°C and detector temperature was
250°C. The plant extract (1 g) was reconstituted in 1 mL of methanol.
Then, 2 pL of the extract was injected into the port and vaporized
down the column with helium as the carrier gas at the flow rate of 1
mL/min and the results were compared to Wiley Spectral Library
Search Program. Interpretation of the mass spectrum of the
constituents of the extract was carried out in comparison with the
database of the National Institute of Standard and Technology (NIST).
The mass spectrum of the known components in the NIST Library was
compared to the extract spectrum. The relative % quantity of each
component was calculated by comparing the average peak area to the
total area.

Anti-microbial activity of the extract

The modified agar well diffusion method of Collins'” was adopted to
estimate the anti-microbial activity of the ethanol leaf extract. Various
concentrations of the extract, ranging from 6.25 mg/mL to 100 mg/mL
were prepared in aqueous solutions. Subsequently, 0.1 mL of the
standard 24 hours stock cultures of the test organisms; S. typhi, E. coli,
B. subtilis, and S. aureus in nutrient and Candidas albicans and
Pennicilium spp in potato dextrose broths were spread unto sterile
nutrient, and potato dextrose agar plates (Muller — Hinton Agar),™
respectively. In addition, wells of 5 mm in diameter were bored on the
plates using a sterile cork borer, to remove agar plugs. A 0.05 mL
aliquot of the different concentrations of the extract was dispensed
into the wells and each plate was allowed to stand for 15 minutes for
the extract to diffuse into the agar. The bacterial plates were then
incubated at 33°C for 48 h, while the fungal plates were incubated at
24°C for 72 h. Plates that showed higher zone of inhibitions were
further subjected to dehydrogenase activity assay using the modified
method of Nweke.*®

Microbial dehydrogenase inhibitory activity of the ethanol extract

The activity of total dehydrogenase was assessed using the method of
Nweke as modified by Alisi® Accordingly, 2,35 -
triphenyltetrazolium chloride (TTC) was used as the artificial electron
acceptor, which on acceptance of electrons, changes from colorless to
red triphenylformazan (TPF). A total of twenty-four (24) test tubes
grouped into A, B, and C of eight test tubes each were used for the
experiment.

Group A contained 4 mL of nutrient broth — glucose-TTC-medium
and was inoculated with Bacillus subtilis, groups B and C contained
dextrose broth-glucose-TTC media and were inoculated with the
Pennicillium spp and Candidas spp respectively. Then, various
concentrations of the extracts ranging from 0, 50, 100, 200, 400, 800,
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1600, to 2000 mg/mL were added to each test tube. The test tubes
containing 0 mg/mL concentration of the extract in each group served
as the control. The plates were incubated at room temperature (28 + 2
°C) for 16 hrs. The concentration of the triphenylformazan formed,
which is proportional to the dehydrogenase activity, was read with
spectrophotometer at 500 nm. By using a dose-response curve (0-20
mg/mL TPF in pentan-1-ol), the quantity of formazan yielded was
computed. Linear plots of the percentage inhibition for each test
organism against the various concentrations of the extract were plotted
at various inhibition rates based on linear regression.

Statistical Analysis

Values obtained in triplicates were placed on a two-way ANOVA and
expressed as Mean * standard deviation. The values at P<0.05 were
considered statistically significant. Linear regression models were
applied for the determination of the ICsy of the extract on the
organisms.

Results and Discussion

The GC-MS profile of the volatile phytochemical constituents of the
ethanol leaf extract of D. sarmentosa revealed various volatile
phytochemical compounds (Table 1). The result indicated that the
ethanol leaf extract was rich in bioactive compounds like squalene
(29.50%), Phytol (24.68%), 3-Pentadecyl-phenol (18.58%), 3-Methyl-
1-butanol Isopentyl alcohol (9.09%), and Hexanoic acid (7.78%).
Other compounds found in relatively low quantities were trans-2,4-
Dimethyloxetane (1.63%), 4,5-dibromo-decane (2.94%), 9-methyl-
(3B,5a)-androstan-3-ol (3.17%) and [4-[(-4-) (2-hydroxy benzoyl)
amino (anilino)-4-oxo ](1.67%). Other compounds found in trace
quantities were; 7-Azabicyclo [(4.1.0)] heptane (0.56%) and Methyl
2,4-dimethyltetradecanoate (0.56%).

The inhibitory effect of the extract against the test organisms was
observed to be dose-dependent. Lower zone of inhibitions were
recorded for the plant extracts against the six studied microorganisms
when compared to the 0.05 % ciprofit (standard drug) (Figure 1). The
rich presence of volatile constituents such as hexadecanoic acid,
phytol, and 3-Methyl-1-butanol Isopentyl alcohol may have
contributed to the observed inhibitory property of the extract. These
compounds have been reported to have antimicrobial activities by
several authors??* (Table 2).

The highest dehydrogenase activity was recorded for Penicillium spp,
followed by Candidas spp, and the least being Bacillus substilis
(Table 3). Variations in activities among the microbial strains may be
connected to the physiological variations of the dehydrogenase system
among microbial populations.? At the inhibitory extract
concentrations of 275 pg/mL, 322 pg/mL, and 411 pg/mL, 50 %
activities of the enzyme from Candidas spp, Penicillium spp, and
Bacillus subtilis respectively were inhibited (Table 4). This showed
that at lower concentrations, the extract had more effect on fungi than
on the bacterium strain. The inhibitory effect of the extract on the
organisms might be due to the presence of the detected volatile
compounds in the extract (Table 1); hexadecanoic acid which was
detected in the extract might be responsible for the observed effects
since the compound is reported to have reductase inhibitory potential®®
(Table 2). Other constituents such as Phytol, Hexadecanoic acid, and
3-Methyl-1-butanol Isopentyl alcohol have also been reported to have
antimicrobial properties®*(Table 2). The effect of the extract on the
dehydrogenase activity was concentration-dependent and differed
markedly among the studied organisms (Figure 2). The activity of the
enzyme strongly correlated with the extract concentrations (Figure 3),
which is indicative of the dose-response relationship. Linearized plots
of Log DHG Activity against Extract Concentration (ug/mL) for B.
subtilis, Candidas spp, and Penicillium spp were presented in Figure
3A, Figure 3B, and Figure 3C respectively. The higher value R? 0.981
(0.948<R%<0.981) confirmed that the concentration of the extract is
inversely related to the activities of the enzyme (Figure 3). This
implies that increasing extract concentration may decrease the
respiratory and carbon metabolism capacity of the organisms.
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Table 1: GC- MS Analysis of Phytochemical Composition of Ethanol Extract of Diodella sarmentosa (Sw) Bacigalupo El Cabral ex

Borhidi leaf
Peak# R.Time Area Area% Height Height%o A/H Name
1 3.641 253972 1.63 22584 0.79 11.25 trans-2,4-dimethyloxetane
2 4.966 1414451 9.09 318161 11.12 4.45 3-methyl-1-butanol isopentyl alcohol
3 33.649 59581 0.38 34292 1.2 1.74 7-azabicyclo[4.1.0]heptane
4 36.499 1211535 7.78 158951 5.55 7.62 Hexadecanoic acid
5 36.704 86930 0.56 39642 1.38 2.19 Methyl-2,4-dimethyltetradecanoate
6 39.054 3841156 24.68 704109 24.6 5.46 Phytol
7 39.641 457499 2.94 64896 2.27 7.05 4,5-dibromo-decane
8 45.125 2892152 18.58 489789 17.11 59 3-pentadecyl-phenol
9 45.174 492998 3.17 220043 7.69 224 9-methyl-(3,5a)-androstan-3-ol
10 45.373 262824 1.69 69455 2.43 3.78 4-[4-[(2-hydroxybenzoyl)amino]amilino]-4-oxo-
11 50.222 4591353 295 740513 25.87 6.2 Squalene
Total 15564451 100 2862435 100

*The Table showed the components of the extracts with squalene, phytol, and phenol, 3-pentadecyl- as the major components.

Table 2: Major Phytochemical composition of the ethanol extract of Diodella sarmentosa (Sw) Bacigalupo El & Cabral ex Borhidi leaf
and their Biological Activities

S/N R.Time Peak Area (%)  Names Biological Activities References
1 4.966 9.09 3-Methyl-1- Antimicrobial activities z
butanol Isopentyl
alcohol
2 36.499 7.78 Hexadecanoic acid Anti-inflammatory, nematicide, pesticide =
hemolytic, 5-Alpha reductase inhibitor,
antifungal activities, and antibacterial
activities
3 39.054 24.68 Phytol Antimicrobial ~ Activities;  antioxidant, 225
anticancer and antinociceptive activities.
4 45.125 18.58 3-Pentadecyl-phenol  Antioxidant %
50.222 29.50 Squalene Antioxidant, Antitumor x

*The Table showed the biological activities of the major components of the extract.
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Figure 1: Diameter of Zone of Inhibition (mm) of ethanol extract of Diodella sarmentosa leaf
against the test organisms
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Table 3: Control Dehydrogenase Activity of the Microbial
Isolates

Dehydrogenase Activities (mg
formazan/mg cell dry weight)

Strains

Bacillus subtilis 1.064+0.14
Candidas spp 2.613 +£0.10
Panicillium spp 2.869 +0.11

At ICso 275ug/mL, Candidassppis the most sensitive to the extract

Table 4: Threshold Inhibitory Concentration of the extract

Strains 1Cso (Ug/mL) R’

Bacillus subtilis 411 0.981
Candidas spp 275 0.954
Penicillium spp 322 0.948

* Penicillium spp recorded the highest dehydrogenase activity.
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Figure. 2: Dehydrogenase activity of the organisms vs extract
concentration (pg/mL).
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Figure 3: A, B and C: Linearized plot of Log dehydrogenase Activities vs Extract Concentration (pg/mL)
The R? values of 0.9483, 0.9544, and 0.9819 for B.subtilis, Candidasspp, and Penicillum spp respectively, is indicative of the strong correlation of the
plant extract against the enzyme. The positive values further elucidate the inverse relationship between the extract and the enzyme.

Conclusion

Microbial dehydrogenase activity decreased with increased extract
concentrations, with the activity from fungi isolates showing more
sensitivity than the bacterial isolate. GC-MS result also revealed that
the ethanol leaf extract of the plant is rich in squalene, phytol,
hexadecanoic acid, and 3-methyl-1-butanol isopentyl alcohol. From
the findings, it can be concluded that ethanol leaf extract of Diodella
sarmentosa (SW) Bacigalupo El & Cabral ex Borhidi has inhibitory
property against microbial dehydrogenase activity. Further study will
be required to determine the action mechanism of the bioactive
compounds against the microbial isolates.

Conflict of Interest

The authors declare no conflict of interest.

Authors’ Declaration

The authors hereby declare that the work presented in this article is
original and that any liability for claims relating to the content of this
article will be borne by them.

1850

© 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



Trop J Nat Prod Res, October 2021; 5(10):1847-1851

Acknowledgments

The authors wish to acknowledge Mr. Francis, the Taxonomist that
identified the plant.

References

1.

10.

11.

12.

13.

World Health Organization. Antibiotic Resistance. [Online].
2020 [cited 2021 June 30]. Available from:
https://www.who.int/news-room/fact-
sheets/detail/antimicrobial-resistance.

Mundy L, Pendry B, Rahman M. Antimicrobial resistance
and synergy in herbal medicine.J Herb Med. 2016; 6
(2):53-58.

Pooja DG and Tannaz JB. Development of botanicals to
combat antibiotic resistance. J Ayurveda Integr Med. 2017
8(4):266-275.

Tyagi R, Sharma G, Jasuja ND, Menghani E. Indian
medicinal plants as an effective antimicrobial agent. J Crit
Rev. 2016; 3(2):69-71.

Nag M, Mukherjee PK., Biswas R, Chanda J, Kar A.
Evaluation of antimicrobial potential of some Indian
ayurvedic medicinal plants. Pharmacogn J. 2016; 8(6):525-
533.

Sobrinho ACN., Morais SM, Bezerra de Souza E, Santos F.
The genus Eupatorium L. (Asteraceae): a review of their
antimicrobial activity. J Med Plants Res. 2017; 11(3):43-
57.

Thakur P, Chawla R, Narula A, Goel R, Arora R, Sharma
RK. Anti-hemolytic, hemagglutination inhibition and
bacterial membrane disruptive properties of selected herbal
extracts attenuate virulence of Carbapenem
Resistant Escherichia coli. Microb Pathog. 2016; 95: 133-
141.

Othman AS. Bactericidal efficacy of omega-3 fatty acids
and esters present in Moringa oleifera and portulaca
oleracea fixed oils against oral and gastro enteric
bacteria. Int J Pharmacol. 2017; 13(1):44-53.

Verdcourt B. Diodia sarmentosa Sw [Family Rubiaceae].
Jstor Global Plants. 1976 [cited 2021 July 24]. Available
https://plants.jstor.org/stable/10.5555/al.ap.flora.ftea00838
Elechi NA, Okezie-Okoye C. Abo KA. Antidiabetic
Potentials of Diodia sarmentosa SW (Rubiaceae) Leaves on
Alloxan-Induced Diabetic Rats. Saudi J Med Pharm Sci.
2020; 6(9):622-626.

Ekpe EL and ljomone OR. Investigation of anti-diabetic
potential of Diodia sarmentosa in alloxan-induced diabetic
albino rats. J Appl Pharm Res. 2018; 6(1):26-32.

Etukudo 1. Ethnobotany: Conventional and traditional use
of plants. (1st ed.). Uyo: Verdict Press Ltd; 2003. 24-35 p.
Ajuru MG, Williams LF, Ajuru G. Qualitative and
quantitative phytochemical screening of some slants used in

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

ethnomedicine in the Niger Delta Region of Nigeria. J Food
Nutr Sci. 2017; 5(5):198-205.

Okoroafor HC, Awagu FE, Azeke EA. Phytochemical and
antioxidant properties of Diodia sarmentosa swartz leaves.
Mong J Chem. 2020; 21(47):27-32.

Umoh UF, Ajibesin KK, Ubak NG. Preliminary anti-
inflammatory and analgesic effects of Diodia sarmentosa
Sw. leaf in rodents. World J Pharm Pharm Sci. 2016;
5(12):203-212.

Salazar S, Sanchez L, Alvarez J, Valverde A, Galindo P,
Igual J, Peix A, Santa-Regina |. Correlation Among Soil
Enzyme Activities Under Different Forest System
Management Practices. Eco Engr. 2011; 37(8):1123-1131.
Collins CH, Lynes PM, Grange JM. Microbiological
method. (7" ed.). Britain: Butterwort: Heinemann Ltd;
1995. 175-190 p.

Junaid SA, Olabode AO, Onwuliri FC, Okwori AEJ, Agina
SE. The antimicrobial properties of Ocimum gratissimum
extracts on some selected bacterial gastrointestinal isolates.
Afr J Biotechnol. 2006; 5(22): 2315-2321.

Nweke CO, Alisi CS, Okolo JC, Nwanyanwu CE. Toxicity
of zinc to heterotrophic bacteria from tropical river
sediment. Appl Ecol Environ Res. 2007; 5(1): 123-132.
Alisi CS, Nwanyanwu CE, Akujobi CO, lbegbulem CO.
Inhibition of dehydrogenase activity in pathogenic bacteria
isolates by aqueous extract of Musa paradisiaca
(varsapientum). Afr J Biotechnol. 2008; 7(12):1821-1825.
Praveen-Kumar JC. 2,3,5-triphenyl tetrazolium chloride
(TTC) and electron acceptor of culturable cell bacteria,
fungi and antinomycetes Boil Fert Soil. 2003; 38:186 -189.
Farina M, Preeti B, Neelam P. Phytochemical Evaluation,
Antimicrobial Activity, and Determination of Bioactive
Components from Leaves of Aegle marmelos, Bio Med Res
Int. 2014; 2014:1-11.

Bawankar R, Deepti VC, Singh P, Subashkumar R,
Vivekanandhan G, Babu S. Evaluation of bioactive
potential of an Aloe vera sterol extract. Phyto Res.2013;
27(6):864-868.

Khasawneh MA, Elwy HM, Hamza AA, Fawzi NM,
Hassan AH. Antioxidant, anti-lipoxygenase and cytotoxic
activity of Leptadenia pyrotechnica (Forssk.) decne
polyphenolic constituents. Mol. 2011; 16(9): 7510-7521.
Ammal RM and Bai GV. GC-MS Determination of
bioactive constituents of Heliotropium indicum leaf. J Med
Plants. 2013; 1(6):30-33.

Correia SJ, David JP, David JM. Secondary metabolites of
species of Anacardiaceae. Quim Nova. 2006; 29(6):1287-
1300.

Kalvodova L. Squalene-based oil-in-water emulsion
adjuvants perturb metabolism of neutral lipids and enhance
lipid droplet formation. Biochem Biophy Res Commun.
2010; 393(3):350-355.

1851

© 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License


https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance
https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gupta%20PD%5BAuthor%5D&cauthor=true&cauthor_uid=28869082
https://www.ncbi.nlm.nih.gov/pubmed/?term=Birdi%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=28869082
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5747506/
https://plants.jstor.org/stable/10.5555/al.ap.flora.ftea00838

