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Introduction
Mastitis, also known as udder inflammation, is a common prob-

lem in dairy herds and causes huge economic losses in the dairy 
industry [1]. Staphylococcus aureus, Escherichia coli and Strepto-
coccus uberis are the main mastitis-causing pathogens [2]. More 
antimicrobial agents must be identified to replace some of the 
antimicrobial drugs that have developed drug resistance due to 
extensive use, misuse and overuse of antimicrobials in both hu-
man and animal health. Staphylococcus aureus is also one of the 
most frequent causal agents of lower respiratory tract infections. 
Methicillin-resistant S. aureus (MRSA) is of particular concern in 
the United States since approximately 60% of all staphylococcal 
infections in the ICU are caused by MRSA [3].

Plants are a reservoir of antimicrobial substances which are 
not only potent against target pathogens but also seem to stand 
a better chance to overcome the onslaught of microbial resistance 
mechanisms [4].

The medicinal value of plants lies in the ability of their con-
stituent compounds to produce physiological action in the human 
body [5]. The most important of these bioactive compounds in-
clude alkaloids, terpenoids, steroids, flavonoids, tannins and phe-
nolic compounds [6]. Leaf decoctions of Psiadia punctulata have 
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been used as a remedy for colds, headache and abdominal pains 
[7]. Maasai use the leaf decoction to get rid of fleas from calves [8] 
(Henke, 1994) while a report by Maurice., et al. (1999) [9] details 
on the use of the leaf decoction of Psiadia punctulata for the treat-
ment of venereal diseases and as a tonic.

The genus Psiadia belongs to the family Compositae (Asterace-
ae). It is a shrub that is draught resistant and is widely spread in the 
arid regions of the Rift valley, Eastern region and the drier parts of 
central Kenya. Its leaves have a shiny look and develop a sticky feel 
soon after they have been plucked due to the presence of some leaf 
exudate which is found as 24% dry leaf weight [10]. The constitu-
ent compounds of leaf surface exudate [11] supposedly serve some 
protective role on the plant [12].

Meena Shamrao Deogade., et al. (2016) [13] reported antimi-
crobial activity of a methanol extract of fresh leaves of Ocimum 
tenuiflorum Linn. against Escherichia coli, Staphylococcus aureus 
and Klebsiella pneumonia at 20 mg/ml, corresponding to inhibi-
tion zones of 8 mm, 16 mm and 11 mm respectively. Shruthi., et al. 
(2012), [14] working on Murraya Koenigii observed antibacterial 
activity in ethanol extract at 12.43 mg/ml for Klebsiella pneumonia 
and 9.23 mg/ml for Salmonella typhimurium. Acetone leaf extracts 
of nine plant species (Elisha., et al. 2017) [15] were active against 
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Results and Discussion

Plant materials
The resinous leafy branches of P. punctulata were harvested in 

the neighborhood of lake Elementaita, about 35 kilometers east of 
Nakuru town, Kenya, at an altitude of 1,670 m. A voucher specimen 
is available at the National Museum of Kenya Herbarium.

Escherichia coli, Salmonella typhimurium and Pseudomonas aerugi-
nosa at MIC levels ranging between 0.04 and 0.32 mg/ml. Metha-
nol root extract Clerodendrum myricoides (Hochst.) R. Br. ex Vatke, 
locally known as “Munjuga-iria” in Mbeere community of Embu 
County in Kenya was active against methicillin resistant S. aureus 
(MRSA) at MIC level of 15.3 μg/ml [16].

Chromatographic methods

10 g of the extract was introduced into a glass column (4.5 cm 
diameter), packed with 230 - 400 mesh silica gel up-to a height of 
27 cm. The column was sequentially eluted with 500 ml portions 
of 15%, 20%, 40%, 50% and 100% ethylacetate in hexane [18]. 
The eluant was collected as 40 ml fractions from which pure com-
pounds were isolated through fractional crystallization from ac-
etone-hexane mixtures. Anisaldehyde spray solution was used as 
the locating reagent on TLC plates developed in 8:2 ethylacetate-
hexane solvent mixture. Melting points (uncorrected) were deter-
mined using a Gallen camp melting point apparatus. 1H and 13C 
NMR spectra were determined at 500 and 125 MHZ, respectively.

Identification of the compounds was achieved through correla-
tion of spectral data, melting point values and reference to litera-
ture data [19].

Extraction
Leaves were detached from the branches of P. punctulata plant 

and were stuffed into a 5L erlmeyer flask while fresh, up to a weight 
of 1 Kg. for extraction. A 1.5 liter portion of cold acetone was in-
troduced into the flask and shaken for two minutes and decanted 
as an orange solution [4,17]. Two more fresh portions of acetone 
were used to wash the leaves clear of the orange exudate. Extract-
ed leaves were allowed to dry in open air to a constant weight of 
438g. The acetone extract was decanted and filtered through some 
glass wool into a 2.5L Winchester bottle. The acetone was recov-
ered using a rotary evaporator and the concentrate was preserved 
in an open brown glass bottle (100 ml) and stored in a vacuum 
desiccator until a constant weight of 47.5g of concentrate (10% wt. 
of dry extracted leaves) was attained. 

Antimicrobial disc diffusion tests

Tests for antibacterial activity for pure compounds and the 
crude plant extract were carried out using the agar disk diffusion 
assay [20]. Agar medium was prepared from commercially avail-
able dehydrated base according to the manufacturer’s instruction. 
The media was reconstituted at 1200C for 15 - 20 minutes in an 
autoclave, after which it was immediately allowed to cool in a wa-
ter bath maintained at 45 - 500C. The freshly prepared and cooled 
medium was poured into disposable plastic flat-bottomed petri 
dishes to give a uniform depth of approximately 5 mm. The agar 

medium was allowed to cool at room temperature and stored at 
2 - 80C. A representative sample of each batch was examined for 
sterility by incubating at 370C for 24 hours.

Preparation of discs
Discs for the drug sensitivity test were prepared by punching 

discs of 6mm diameter using Whatman filter paper No.1. The discs 
were dispensed into a screw capped glass bottle and sterilized by 
dry heat in a hot air oven at 1800C for 2 hours.

Preparation of antimicrobial test solutions

Levofloxacin (500 mg) was used as positive control at concen-
tration levels of 10 ppm, 5 ppm and. 2.5 ppm. One tablet (500 mg) 
was dissolved in cold DMSO: H2O mixture in the ratio of 1:5 to make 
a 1000 ml stock solution of 500 ppm. 2 ml of the 500 ppm stock 
solution were diluted to 100 ml to give 10 ppm solution. 10 ml and 
5 ml of the 10 ppm solution were consecutively diluted to 20 ml 
in separate volumetric flasks to give 5 ppm and 2.5 ppm solutions 
respectively.

Test solutions of PP5 and PP6 were prepared by dissolving 10 
mg of each into 50 ml of 1:5 DMSO:H2O mixture to make stock so-
lutions of 200 ppm. Test solutions of 10 ppm, 5 ppm and 2.5 ppm 
were prepared through serial dilution of the 200 ppm stock solu-
tions. 

Discs treated with the test solutions were placed individually on 
the inoculated agar plates using the fine sterile forceps. The discs 
were distributed evenly so that they were no closer than 25 mm 
from center to center. Three discs were placed on a plate of 100mm 
in diameter. Within 15 minutes after the discs were applied, the 
plates were inverted and placed in an incubator set at 37oC. Results 
were noted and recorded after an incubation period of 24 hours.

Antimicrobial agar dilution tests

Varying concentrations of the antimicrobial agents were incor-
porated in series into agar plates by mixing 2 ml of each dilution 
with 18 ml of molten agar per plate, at 500C. Four holes of 6 mm 
in diameter each were perpendicularly dug at evenly spaced posi-
tions into the agar mixture after setting. Each well was inoculated 
with the same volume (0.1 ml) of the standardized suspension of 
the bacteria under test - Salmonella typhi (1), Staphylococcus au-
reus (2), Baccilus subtilis (3) and Proteus mirabilis (4). The agar 
plates were incubated for 24 hours, after which MIC for each drug 
was determined as the lowest concentration that inhibited bacteria 
growth.

Column chromatography of the acetone leaf extract using hex-
ane-ethylacetate solvent system mixtures yielded antibacterial tra-
chylobane diterpenoid compounds PP5 and PP6 whose structural 
data correlate to compounds 1, 2 and 3 in (Figure 1) [21].

Doublets at δ 0.6 and δ 0.8 were characteristic of cyclopropane 
ring H-16 and H-12 with corresponding carbon resonances at δ 
25.35 (C-16) and δ 23.53 (C-12).
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HMBC correlation assigned 2xCH2OH resonances to C-18 and 
C-19. One CHOH resonance to C-6. Figure 2 and figure 3 below 
demonstrate this.

Most of the constituent compounds of the Psiadia punctulata 
leaf exudate are relatively volatile and their concentrations dimin-
ish in boiled aqueous extract (Aq) on the TLC chromatogram.

Figure 1: Trachylobane diterpenoid compounds.

Figure 2

Figure 3

Melting point (uncorrected was determined as 219-2200C for 
PP5 and 180-181 for PP6).

Acetone leave wash of the Psiadia punctulata leave exudate is 
rich in several secondary metabolites as is revealed on the TLC 
chromatogram in figure 4 below

Figure 4

Test Solution PP5 (diameter) PP6 (diameter) Levoflaxacin 
(diameter)

10  ppm 15 mm 15 mm 10 mm
5.0 ppm 15 mm 16 mm 6 mm
2.5 ppm 16 mm 15 mm 6 mm

Table 1: Antibacterial activity (diameter in mm)  
against Salmonella typhi (clinical isolate).

PP5 and PP6 were tested for antimicrobial activity against Sal-
monella typhi (1), Staphylococcus aureus (2), Baccilus subtilis (3) 
and Proteus mirabilis (4) using the agar dilution method as shown 
in figure 3 here below. Both PP5 and PP6 demonstrated antimi-
crobial activity against Salmonella typhi (1) and Staphylococcus 
aureus (2) at concentration levels of 1.875 ppm. Chloramphenicol 
was used as a positive standard but did not demonstrate inhibition 
at a concentration level of 250 ppm.

Antimicrobial activity reported for Psiadia punctulata methanol 
extract [22] is definitely due to the presence of the trachylobane 
diterpenoid compounds.
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The present study indicate PP5 and PP6 as effective antimicro-
bial agents against Staph aureus and Salmonella typhi at concen-
tration levels below 2.5 ppm. Clinical trials are required for pos-
sible application of the trachyloban diterpenes in the formulation 
of hand washing soaps and milking salves in the management of 
mastitis manifestations in dairy cows.

Conclusion

Figure 5: Agar dilution test.

Antimicrobial activity has also been reported for both chloro-
form and methanol extracts of Larrea tridentata against clinical 
isolates of Staphylococcus aureus (n = 25) at MIC80 = 125 μg/ml for 
both extracts [23]. 

The authors are grateful to the University of Kwa-Zulu Natal 
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