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Abstract : The effect of some factors on micro propagation of P. amboinicus plant in vitro. The
results clearly showed that, White's medium recorded the best results in most of growth
parameters was recorded in nodes explant comparing with MS and B5 media. BA 1.0 mg/ l in
addition to White's medium was significant increasing of  shoot number/ explant, while White's
medium free hormone (control) was recorded  the highest values in  survival and rooting
percentage, shoot number/ explant  and shoot  length cm / explant comparing with IBA (from
0.5 to 4.0 mg/l.). Also data showed that, Peat moss and sand interaction (growing media) were
recorded the best result in acclimatization of rooted plants comparing with peat moss or sand
individually. in a greenhouse of controlled temperature, as well as studying the effect of
different seasons in and out normal greenhouse conditions, The results clearly showed the
effect of temperature on the survival percentage of plants during acclimatization with
significant difference (p<0.05), as the highest significant percentages of survival were obtained
with the degrees 31 and 36 ºC compared to the other treatments. Interestingly, the results
indicated that the summer and autumn showed higher percentages of survival and growth rate
compared to the other seasons. However, the best result was observed in the summer. The
quantity of essential oil of plant was ≥ 0.6 % (V/W) of yellowish volatile oil, from analysis of
the oil using GC and GC/MS; it was obvious that it contained 23 compounds where Limonene
represented the highest percentage (40%) while Junipene was the lowest one (0.54 %). The
antioxidant activity, total phenolic compounds and flavonoid contents were investigated in
plants grown in and out the normal greenhouse. The obtained results outside the greenhouse
were 38 %, 77 μg and 65 μg, while the results inside the greenhouse were 29 %, 35 μg % and
31μg %, respectively. The antimicrobial activity against yeasts and bacteria was assessed in
broth micro-dilution assays to determine antibiotic sensitivity testing and the minimum
inhibitory concentration (MIC) necessary to inhibit microbial growth, our results showed that
essential oil of P. amboinicus could be used as a tool for the developing novel and more
efficacious antimicrobial agents.
Keywords: Tissue culture, Phytochemical, Essential oil, Antimicrobial and Plectranthus
amboinicus.

Introduction

         The family Lamiaceae contains several genera, such as sage (Salvia),  basil  (Ocimum) and mint
(Mentha), with a rich diversity of ethno botanical uses. Another important genus is Plectranthus, a large genus
containing about 300 species found in Tropical Africa, Asia and Australia (Paton et. al.,1). The genus
Plectranthus belongs to the mint and sage consists of annual or perennial herbs or shrubs with herbaceous stems
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and leaves, sometimes semi-succulent or succulent, with usually terminal, spike-like inflorescences of two-
lipped flowers. There are ± 350 species spread throughout the tropical and warm regions of the old World, in
Africa, Madagascar, Asia, India, Australia and a few Pacific islands. There are 53 species in southern Africa,
occurring mainly in the southeastern and eastern parts and absent from the Northern Cape It is a good plant for
containers and hanging baskets and can be grown indoors.

P. ambiguus leaves are used in traditional medicine to treat colds. (Potgieter, et. al.,2). An antioxidant
activity-guided fractionation of Plectranthus amboinicus resulted in the isolation of ladanein (5, 6-dihydroxy-7,
4 - dimethoxyflavone) (Liu and Ruedi,3). In South Africa, tea made from the leaves of P. laxiflorus is taken for
coughs and colds (Hutchings et. al., 4; Rabe and Staden,5) and an infusion of the crushed leaves of P. ambiguus
is mixed with a little hot water and sipped for coughs (Hulme,6). Classically plant growth regulators are
considered as one of the most important factors affecting cell growth, differentiation and metabolism formation
in plant cell and tissue cutlers (Liang et. al.,7). As with both auxin and cytokinins – mediated plant responses are
accompanied by enhanced nucleic acid and protein metabolism. However, so far there is no unequivocal
evidence that any of their growth, promoting plant hormones act directly on the protein synthesizing system of
the plant (Datta,8).

The growing medium container into which in vitro rooted plantlets are transplanted is important for
good survival, inhibitors or dramatic shift in pH in a medium can adversely affect root growth and thus
transplanting success (Jones,9). Most laboratories and nurseries transplanting into a uniform medium that
adequately supports the plants, has a suitable pH, is well buffered, reproducible and sufficiently porous to allow
adequate drainage and serration (Miller,10). Peat was selected because it is inexpensive and easy to use, and is
known to be an efficient barrier material for treating waste water, (Rasmussen et. al.,11). Sand dunes are the best
source due to their physical properties, being medium or the coarse sand particles which provide optimum
adjustments in media texture, certainly sand is the least expensive of all inorganic amendments which makes it
a valuable amendment for both potting and propagation media (Wilson and Stoffella,12). Free radicals contribute
to more than one hundred disorders in humans including atherosclerosis, arthritis, and ischemia, reperfusion
injury of many tissues, central nervous system injury, gastritis, cancer and AIDS. (Cook and Samman,13).
Monoterpenoids, sesquiterpenoids, diterpenoids and phenolic have been reported in species of Plectranthus.
The abietane diterpenoids are the most diverse of the diterpenoids isolated from species of Plectranthus (Liu
and Ruedi,3) P. amboinicus consist of many important constituents and widely used for medicinal purposes. It
was proven that the essential oil possess biological activity against several bacteria and yeast. (Rashmi et. al.,14)
The species of genus Plectranthus are  always  cited  as  antimicrobial  agents  that  can  be  used  to  treat  several
infections. (El-hawary et.al.,15; Jiyauddin et. al.,16), Helmy and Bakr17 stated that P. amboinicus has been used
traditionally for treatments of burns, insect bites and malaria fever. Moreover its antimicrobial activity was
evaluated. Phenolic compounds represent the main constituents of P. amboinicus. Chandrappa et. al., 18 Showed
that ethanolic and hot water extract of the leaves of P. amboinicus have antibacterial property against both
Gram positive and Gram negative organisms. Also, Gurgel, et. al., 19; Praveena and Pradeep 20 proved that the
hydro alcoholic extract from the leaves of P.amboinicus had antibacterial activity against methicillin resistant
Staphylococcus aureus.

The objective of this study were shoot and root formation and from node stem explant in vitro,
acclimatization determination of active constituent and antimicrobial activity of essential oil from P.
amboinicus.

Materials and Methods

I- Materials:

1-Aerial parts of P.  amboinicus were collected from National Organization for Drug Control and Research
(NODCAR) Medicinal Plants Dept., in March 2016.

2- All media hormones were purchased from Sigma chemical Co., St. Lewis, USA.
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3- Chemicals
All  chemicals,  solvents  and  reagents  used  were  of  analytical  and  pure  grade.   DPPH  was  purchased

from Fluke chemical company (Switzerland). Rutin and Gallic acid standards were purchased from Sigma
chemical Co., St. Lewis, USA.

4-A Series of bacterial and fungal strains available in stock culture of Microbiology Department, National
Organization for Drug Control and Research (NODCAR), were used for antibiotic sensitivity testing.

II- Methods:

Part 1 – In vitro and In vivo growth of P.  amboinicus:
This work was carried out in Applied Research Center of Medicinal Plants (Tissue Culture and

Phytochemistry labs.), National Organization for Drug Control and Research (NODCAR), Giza, Egypt, during
the period of 2014 – 2016 To study the effect of some factors on micro propagation in P. amboinicus plant in
vitro. Nodes explant used as start material obtained from applied research center of medicinal plant farm,
explants  kept in anti-oxidant solution (150 mg/l ascorbic acid +100 mg/l citric acid) for three hours and
washed   several  time  by  tap  water,  then  were  rinsed  with  a  small  amount  of  liquid  soap  for  15  minutes  for
assuring the removal of most external contamination, and rinsed again under running tap water for 30 minutes
to remove all the remaining detergent ,after that the explants were dipped again  in anti-oxidant solution (150
mg/l ascorbic acid +100 mg/l citric acid) for two   hours ,surface sterilization began under aseptic condition in
laminar air flow cabinet . Nodes explants (2cm) were rinsed for 20 minutes in 12.5% Clorox (0.625%) then
rinsed in sterile distilled water (three times ) to remove all traces of  the disinfectant .The sterile explants were
planted in sterile jars containing 20 ml of tested medium and supplemented with 30g/l sucrose and solidified by
2g/l phytagel.  The pH value was adjusted to 5.7 –5.8 by adding suitable amount of 1 N HCl and 1 N KOH  by
using the pH meter prior to autoclaving at 1.3 kg/cm2 for 20 minutes. The cultures were incubated in a growth
chamber under 25+2˚C in light intensity (2000 Lux) of cool white fluorescent lamps for 16 hr. light/day in all
tested treatments. The treatments were as follow.

I-The work designing:

1- Shoot and root production from node stem explant of P. amboinicus in vitro culture.

A. Effect of media type (MS, White's and B5) on survival percentage and growth of node explants. Node
explants were cultured on different media type individually to study their effect on survival percentage and
growth (starting stage). (Murasige and Skoog,21, White’s,22 and  Gamborge  et.  al.,23). Data were recorded
after 8 weeks incubation period.

B. Effect of cytokinins (Kinetin and Benzyl adenine) on growth of shoots. Shoots (1 cm) were obtained from
node explants   grown on White’s  medium  in starting stage and  re-cultured on different  levels  of  Kin or
BA in the rate  (0.5 ,1.0 and 2.0 mg /l.) individually  in addition to White’s medium to study their effect on
growth of shoot (multiplication stage). Data were recorded after 8 weeks incubation period.

C. Effect of auxin, Indole – 3 – butyric acid (IBA) on rooting of shoots. shoots and nodes (2cm) were
obtained from explants grown on White’s medium supplemented with BA 1.0 mg/l. in multiplication stage
and re-cultured on different levels of (IBA- 0.0, 0.1, 1.0, 2.0 and 4.0 mg/l.) in addition to  White’s medium
to study their effect on rooting of explants (rooting stage). Data were recorded after 8 weeks incubation
period. Data were recorded after 8 weeks incubation period. Growth measurement: Survival %, Shoot
number/ explant, Shoot length cm / explant, Leaf number/ explant, Plant strength, Rooting %, Root length
cm /  explant  and  Root  number/  explant.  Plant  strength  was  estimated  (as  score)  and  presented  as  follow
according the method described by (Pattino,24),

(a) Negative growth result = 1 (b) below average growth = 2 (c) average growth = 3 (d) above average growth
(e) excellent growth =5.

II- Acclimatization and plant growth of P. amboinicus:

A. Effect of growing media, peat moss and sand on plants acclimatization. Harmony plants were obtained from
rooting stage were transplanted to green house in plastic pot 14 cm full of peat moss + sand as follow  (1/0,
0/1, 1/1, 1/4, 1/8, 2/1, 4/1 and 8/1- V/V) to study their effect on acclimatization of plants Data were
recorded after 8 weeks incubation period.
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B. Effect of various degrees of temperature on acclimatization and growth of P. amboinicus in greenhouse
under control. Plantlets obtained from rooting stage in average tall (4.5 – 5 cm) and fresh weight (3.22) g /
plant and root number (5.6) were washed from phytagel under running tap water and soaked in solution of
fungicide (0.2 % Benlet), then transferred to the greenhouse under control in plastic containers (5 cm) full
of peat moss and sand (1/1–V/V) for acclimatization to study the effect of various degrees  of  temperature
(20  ºC  ,  25  ºC  ,30  ºC  and   35  ºC)  on  acclimatization  of  plants.  Data  were  recorded  after  8  weeks  of
incubation. Plants were covered with plastic bags and maintained in the greenhouse at different temperature
degrees. Twenty five replicates were made for each treatment Data (survival percentage, plant height (cm),
fresh weight g / plant, root number, root fresh weight g/plant and plant growth rate) were recorded after six
weeks from culturing at greenhouse under control.

C. Effect of various seasons on plant growth and development of P. amboinicus cultured in and out normal
greenhouse. This experiment was conducted to study the effect of various seasons on vegetative growth and
development of P. amboinicus cultured in greenhouse. Twenty five replicates of acclimatized  plants with
average tall 15.77cm, fresh weight 21.88 g/plant and root number 9.89/plant, were transferred to plastic
containers (50cm) full of peat moss/sand at equal volumes for more growth and development in
uncontrolled greenhouse. While other twenty five individuals were grown out the greenhouse conditions to
study the effect of various seasons (spring, summer, autumn and winter). Data were recorded after the end
of each season. Twenty five replicates of each group were estimated for survival %, plant height (cm), fresh
weight (g) and plant growth rate. These data were recorded after three months at the end of each season.

          Statistical analysis: Data of all experiments were statistically analyzed by one factorial randomized
complete design using (SAS,25) package. The least significant difference among levels of each treatment were
compared using L.S.D. test at 5% level according to (Steel and Torrie, 26).

Part II - Phytochemical methods for P. amboinicus:

1- Determination the % essential oil from P. amboinicus:

(100g) from dried aerial of the plants were separately ground, and submitted to hydro distillation for 3 h
using a Clevenger-type apparatus according to the method recommended by the Egyptian Pharmacopoeia27. The
obtained essential oils were dried over anhydrous sodium sulphate and after filtration determination the % then
stored at 4 °C until analyzed.

2-Gas chromatography and Gas Chromatography-Mass Spectrometry.

2.1- Gas Chromatography.

Essential oils were analyzed using an Agilent Technologies 6890 gas chromatograph, equipped with a
flame ionization detection (FID) detector and HP5 column (30m x 0.25mm x 0.25μm film thickness).Injector
and detector temperatures were set at 225 °C and 275 °C respectively. oven temperature gradually raised from
60  to  250  °C  at  a  initial  rate  of  10  °C/min.Nitrogen  (purity  99.9%)  was  the  carrier  gas,  at  a  flow  rate  of  1
mL/min. Diluted sample (1/100 in n-hexane, v/v) of 1.0 µL was injected in the split mode (ratio 1:10).
Quantitative data were obtained electronically from FID area percent data without the use of correction factors.
Peak integration and quantification were performed automatically with HP chemistation software. A checking
of the integration of each peak is carried out and corrected manually if necessary.

2.2. Gas chromatography/mass spectrometry (GC-MS).

Analysis of essential oils was performed by using GC/MS-5989B with the following conditions:
Column: HP5-MS, 30 m, 0.53 mm ID, 1.5 µm film. Carrier gas: Helium (purity 99.99999%) at flow rate
1ml/min. Ionization mode: EL (70 eV). Temperature program: 600C (static for 2 min.), then gradually
increasing (160 0C at a rate of 2 0C/ min.) up to 250 °C (static for 7.5 min.). Detector temperature 250 0C and
Injector temperature 225°C. MS was adjusted with an emission current of 10 µA and electron multiplier voltage
at 1500 V. Trap temperature was 250 °C and mass scanning was from 50 to 550 amu. The components were
identified based on (Searched library: Wiley 275. LIB and NIST 02 version 2.62). The retention indices were
determined by comparison of their mass spectra on both columns with those stored in Wiley 275. LIB and NIST
02 version 2.62 or with mass spectra from literature (Adams, 28).
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3. Determination of Total antioxidant activity determination by using Free radical scavenging assay.
3-1. Extraction procedure for 2 grams of P. amboinicus powder under investigation were ground and mixed
with 50 mL of 95% ethanol. The mixture was stored in the dark at 4 °C for 4 h and was shaken to ensure
complete extraction. Then, it was filtered (Whatman 113), and the extract was stored in the dark at 4 °C for a
maximum of 3 days until analysis.

3-2.Determination the free radical scavenging activity of P. amboinicus extracts was determined by UV–Vis.
The extract solutions were prepared through dilution with ethanol 95%. A fixed volume of plant extract solution
(4.75 mL) at different dilutions was mixed with 250 μL of DPPH 1 mM in ethanol 95% and stored in the dark at
room temperature for 30 min. At the end of the reaction period, the same solution was used to measure UV–Vis
spectra by the discoloration of a methanolic solution of DPPH (2, 2 diphenyl -2- picryl hydrazyl) according to
Astudillo et al. 29; Daniele et al. 30 and Viturro et al. 31.

4. Determination of total phenolic contents.

The concentration of total phenolic compounds in the different extracts were determined
spectrophotometrically using the Folin-Ciocalteu reagent which is a mixture of phosphomolybdate and
phosphotungstate used for the colorimetric assay of total phenolic contents using Gallic as reference material
according to (Frankle and Meyer 32, Donald et al.,33 and  Julkunen, 34).

5. Determination of total flavonoids.

Determination of the total flavonoid contents in the different extracts were done colorimetrically by
using aluminum chloride solution. Standard curve was done using different concentrations of rutin in methanol
(six serial 2 fold dilution to give 100-3.2 μg /ml). 100μl of each extract (previously prepared) were added to a
96 micro well plate and then 100μl of 2% aluminum chloride solution in methanol. After 10min, their
absorbance was measured using HP spectrophotometer at 415nm using methanol as blank and the concentration
of total flavonoids was calculated according to (Karawy and Aboutable,35 and Chiang et al.,36).

Part III- Anti microbial Screening studies for volatile oil of P. amboinicus.

1-Antimicrobial Activity by using Disk Diffusion Assay:

Eleven strains of bacteria (Gram-positive and Gram-negative), yeast and fungi were used in the
antimicrobial assays. Escherichia coli – (ATCC 10538); E. coli - (ATCC 14169); Pseudomonas aeruginosa –
(ATCC 27853); P. aeruginosa - (ACCT 9027); Micrococcus luteus- (ATCC 9341); Staphylococcus aureus-
(ATCC 25923 and 6538); Bacillus subtulis (ATCC 6633), and two fungi, Aspergillus niger. (ATCC 16404),
and Fusarium oxysporum (ATCC 48112), and Candida albicans (ATCC 10231) were used. The previously
prepared essential oil were diluted 1/3 v/v in dimethyl sulphoxide (E-Merck), 30 μl of each (containing 10 μl of
pure oil) were used in the test. Dimethyl sulphoxide (50 μl) was used as a negative control. The agar diffusion
method (Bauer et. al., 37) was applied using trypticase soy agar (Difco) medium inoculated with the bacterial or
fungal suspension of the test organisms. Discs 5 mm in diameter were impregnated with the oils or the control.
Then the discs were placed onto the surface of the culture medium. Discs of ceftriaxone and clotrimazole were
used as standard antibacterial and antifungal agent, respectively. The plates were incubated at 35-37 ºC for 24-
48 hours in case of bacteria, 25 ºC for 48 hours in case of filamentous fungi, while yeasts were incubated at 30
ºC for 24-48 hours.

After incubation, the diameters of inhibition zones were recorded in millimeters and the results were
compiled in tables (9).

2- Antimicrobial Activity by using MIC Testing;
The minimum inhibitory concentrations (MIC) of the tested oil sample against the same

microorganisms in Disk Diffusion Assay were also determined by micro dilution method (Hammer et. al., 38).

http://en.wikipedia.org/wiki/Polyphenol_antioxidant
http://en.wikipedia.org/wiki/Assay
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Results and Discussions

Part 1 – In vitro and In vivo growth of P.  amboinicus

A-Effect of media type (MS, White's and B5) on survival percentage and growth of node explants.

The effect of different type of media MS, White's and B5 during the starting stage are presented in Table (1).
Survival, rooting percentage and shoot strength were recorded the highest values when node explants cultured
on White's medium were (97, 98 % and 4.51 respectively) while with MS medium survival, rooting percentage
and shoot strength were recorded (25, 0.0 % and 1.91, respectively) and but B5 medium Survival, rooting
percentage and shoot strength were  recorded (55, 42 % and 3.99, respectively). In this concern showed that,
White's medium proved enhancing the growth compared to MS or B5 media, it may be for the high level of
MgSo4 in White's medium composition. MgSo4 is the central element in chlorophyll molecules and is important
as an enzyme activator (Kumar, 39).

Table (1): Effect of media type (MS, White’s and B5) on survival % and growth of node explants

B-Effect of cytokinins (Kinetin and Benzyladenine) on growth of shoots.

The results of the effect of cytokinins (Kin and BA) on growth response are showed in Table (2)
White's medium supplemented with BA 1.0 mg/l was achieved the highest significant response in shoot
number/explant (13.32) , while White's medium free hormone (control) recorded the highest significant values
in survival (100), shoot length cm / explant (5.56) , leaf number/ explant (6.66) and rooting % (100), the lower
response in shoot number / explant , shoot length cm/ explant  and leaf number / explant were achieved with
2.07 mg/l  for  Kin and BA individually. Turker et al., 40, mentioned that in Verbascum thapsus, all explants
tested formed shoots with either BA or Kin, over all the number/ explant was lower for all explants on media
with Kin when compared to BA.

Table (2): Effect of cytokinins [Kinetin (Kin) and Benzyl adenine (BA)] on growth response.

C- Effect of auxin, Indole – 3 – butyric acid (IBA) on rooting of shoots.

Data of the effect IBA on the rooting percentage are showed in Table (3), medium control (White’s
medium free hormone) was recorded the maximum response of survival & rooting percentage (100 %), root
number/explant (7.93) and root length cm / explant (7.22). Increasing levels of IBA from 0.5 to 4.0 mg \l in
addition to White’s medium caused decreasing in parameters were recorded. In this concern, Caruso 41 observed

Media   type
Survival

%
shoot

number/
explant

shoot
length cm /

explant

leaf
number/
explant

Rooting
%

Root
number/
explant

shoot
strength

MS     25   1.11     1.09   0.98 0.0           0.0  1.98
White's 97 3.51 5.33 6.11 98 3.17 4.51

B5 55 2.19 2.61 3.71 43 1.91 3.99
LSD at 5% - 0.152 0.121 0.321 - 1.014 0.101

Treatment
mg/l

Survival
%

Number of shoot
lets/explant

  Length of
 shoot lets cm/explant

Leaf number
/explant

Rooting
%

    Control 100 3.59 5.56 6.66 100
Kin

0.5 98 6.59 3.89 4.74 41.33
1.0 95 9.52 2.97 3.96 0.0
2.0 91 3.21 1.11 1.09 0.0

BA
0.5 96 9.93 3.15 3.11 15.37
1.0 92 13.32 1.97 1.02 0.0
2.0 88 2.07 1.21 4.74 0.0

LSD at 5% - 1.254 0.221 0.72 0.131
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that when stem segments of Verbascum thapsus were grown on a sample nutrient medium without growth
regulators , they gave a morphogenetic response,  this kind of bud formation in Verbascum thapsus was
interpreted as resulting from the interaction of endogenous growth regulators which emanate from vascular
tissues in the inter nodal segments. Razdan, 42 mentioned that, White's medium is one of the earliest plant tissue
culture media originally formulated for root culture. All shoots began rooting on medium without plant growth
regulator, those subsequently transferred to rooting media containing IBA produced on increased  root number /
explant  after the rooting treatment , and no difference in survival (95%) was observed when elongated shoots
were placed on medium without IBA and subsequently transferred to rotting media for Echinacea purpurea
(Koroch et al. 43). Based on these results these results, IBA treated is unnecessary for root induction.

Table (3): Effect of auxin, Indole – 3– butyric acid (IBA) on rooting of shoots.

D- Effect of growing media, peat moss and sand on plants acclimatization.

The effects of growing media (peat moss and sand) on plants acclimatization are presented in Table (4).
Survival percentage and root number / explant were recorded the maximum response and root number/ explant
(100 %, 8.44, 8.66 and 8.88 respectively) with peat moss /sand (1/1, 1/4, 1/8 and 2/1 -V/V) while the lowest
value of survival percentage (55) was recorded under peat moss treatment individually, and sand treatment
individually was achieved 95%. In shoot length cm / explant, peat moss / sand (1/1, ¼ and 1/8 V/V) were
recorded the maximum significant value as follow (13.33, 15.55 and 14.88, respectively ),  while in root length
cm / explant peat moss / sand  (1/1 and ¼ -V/V ) were recorded the maximum significant value  (9.11, 9.55 and
9.74 , respectively ) , the minimum value of shoot and root length cm/explant were recorded under peat moss
individually. From previously data showed that, sand medium in addition to peat moss medium is an important
for P. amboinicus acclimatization. This data were agreement with Rasmussen et. al.,11 were showing that Peat
moss was mixed with sand to decrease the chance of formation of anaerobic conditions created by microbial
decomposition of the organic material, and to optimize hydraulic conditions

Table (4) Effect of growing media, peat moss and sand on plants acclimatization.

Medium
composition V/V

Peat
moss

sand
Surviva

l %

Shoot length
 cm /

explant

Root length
cm / explant

Root
number
/ explant

1
0
1
1
1
2
4
8

0
1
1
4
8
1
1
1

55
95

100
100
100
90
86
72

4.22
7.33
13.33
15.55
14.88
12.44
10.43
5.77

5.01
7.72
9.55
9.77
9.11
5.85
4.66
3.44

2.01
7.72
8.44
8.66
8.88
4.65
3.79
2.55

L.S.D. at 5%    - 1.102 0.345 0.324

Treatments
IBA (mg/l)

Survival
%

Rooting
%

Root number/
explant

shoot length
cm / explant

control 100 100 7.93 7.22
0.5 97 96.24 7.01 6.11
1.0 94 92.33 6.54 5.63
2.0 91 88.01 6.08 5.49
4.0 88 66.66 6.01 5.37

LSD at 5% - - 0.232 0.121
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E-Effect of various degrees of temperature on acclimatization and growth of P. amboinicus in greenhouse
under control.

Shoots produced from multiplication stage by tissue culture without roots were transferred from
planting media to the greenhouse under control in plastic containers (5 cm) full of peat moss and sand (1/4-
V/V) at different temperature degrees for six weeks for root formation and data of the plant growth were shown
in Table (5) Data shows that, temperature degree levels (21, 26, 31 and 36 ºC) improved the acclimatization and
plants growth in greenhouse under control. In case of temperature degrees 31 and 36 ºC significantly recorded
the maximum values of survival percentage which was 100% with both of them. The same degrees observed the
best plant height (20.77, and 27.99cm), fresh weight plant (14.33 and 17.22 g/plant), root number (9.66 and
12.22) root fresh weight (3.38 and 4.85 g/plant) and plant growth rate (130.99 and 160.22 %). The lower degree
temperature showed lower effects on all treatment as shown in Table (5).

Amat 44 which reviewed that Stevia rebaudiana growth requires mild temperature between 15 and 38
degree and relative humidity of about 80 %, supposed that at the higher temperature, respiration exceeded Fig
synthesis. The formation of adventitious roots on shoots is temperature dependant, for example no roots formed
on young shoot tips of Asparagus at 0, 10 or 15 ºC, but 22 % of cuttings rooted at 20 ºC, and 45 % at 25 ºC
(Gorter, 1965), Most plectranthus are adapted to live in the summer rainfall forest, and have to deal with low
light, trampling, winter drought, and root competition. They are fast-growing, which enables them to move
quickly into areas of good light and /or nutrients (Bessi 45 and Bowden, 46).

Table (5): Effect of temperature degree levels on acclimatization and growth of in vitro obtained P.
amboinicus after 5 weeks in greenhouse under control.

F-  Effect  of  various  seasons  on  growth  and  development  of P. amboinicus cultured in and out normal
greenhouse conditions.

This experiment was conducted to study the effect of various seasons (spring, summer, autumn and
winter, respectively) on the survival percentage, vegetative growth and development for those plants cultured in
and out normal greenhouse conditions. As shown in table (6) the recorded data revealed that the maximum
values in plant height cm, (29.44, 59.52, 43.21 and 18.88, respectively), fresh weight g/ herb of plant (63.89,
122.97, 111.68 and 27.77, respectively), and plant growth rate (44.74 %, 153.96 %, 131.09 and 22.33 %,
respectively). These results have a significant differences (P<0.05) among the various seasons (spring, summer,
autumn and winter respectively). While out greenhouse conditions. The maximum effect of various seasons
(spring, summer, autumn and winter) on growth, development and survival percentage was recorded as showed
in table (6). The recorded data has a significant differences (P<0.05) in various seasons (spring, summer,
autumn and winter respectively). The good plant growth requires mild relatively high temperature and enough
light which is always available between summers to autumn. (Van Jaarsveld, 47 2006)

Temperature
             ºC

Survival
%

Plant
height cm

Root
number

 / explant

Root length
cm / explant

Fresh
weight
g/plant

Plant
growth

rate
21 ºC           75     6.88     5.79     2.98 5.77 25.98
26 ºC 93 12.44 7.33     4.61 9.88 75.51
31 ºC 100 20.77 9.66     7.71 14.33 130.99
36 ºC 100 27.99 12.22     9.55 17.22 160.22

LSD at 5% - 3.252 1.923      1.321 1.914 15.101
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Table  (6):  Effect  of  various  seasons  (spring,  summer,  autumn  and  winter)  on  survival  percentage  and
vegetative growth of P. amboinicus cultured in and out normal greenhouse conditions.

Part II - Phytochemical methods for P. amboinicus:

1-Investigation of essential oil from P. amboinicus including:

P. amboinicus is rich in essential oil (i.e. > 0.6% volatile oil on a dry weight basis), the GC
chromatogram as shown in Fig (1) and identifiedby GC/MS  as shown in Tab (7) revealed the presence of the
following compounds α-thugen, α–pinene, camphene, β-pinene, β-myrcene, limonene, thymol, α-
cubebene,thymol acetate, α-copaene, junipene, β-cubebene, trans-caryophllene, α-humulene, dodecen-1-ol, β-
selinene,α-zingiberene,α-Selinene, α-amorphene , cis-calamenene, delta-cadinene, caryophyllene oxide and
pentadecanoic acid. It is obvious that limonene represented the highest percentage (42%) for followed by β-
myrcene (11.3%) while was the lowest one was Junipene (00.54%). Fabíola et al 48 showed that the essential
oils from Plectranthus amboinicus, Plectranthus ornatus, and Plectranthus barbatus were investigated for their
chemical composition. The major components found were carvacrol (54.4% P.amboinicus) and eugenol

 (22.9%—P.ornatus and 25.1%—P. barbatus).Yaouba et al 49 showed that the main components found in P.
glandulosus leaves oil were terpinolene (30.8%), fenchone (13.2%), terpene 4-ol (11%) and piperitenone oxide
(8%) Mahesh et al 50 proved that the chemical composition of the essential oil obtained from the leaves of
Plectranthus incanus Link, with the yield of 0.6% (w/v), was analyzed by GC and GC/MS. A total of 16
constituents, representing 95.2% of the oil, were identified. The major components of the oil were fenchone
(6.0%), piperitone oxide (32.4%), piperitenone (3.0%) and piperitenone oxide (41.5%). Mwangl etal 51 studies
the essential oil isolated by hydro distillation from leaves of Plectranthus tenuiflorus was analyzer by GC and
GC–MS. A total of 17 compounds accounting for 72.3% of the oil were identified. Carvacrol (14.3%) α-
terpinene (10.2%) and p-cymene (10.9%) were the major constituents. The oil had low quantities of oxygenates
terpenes. Abdel-Mogib et al 52 showed that   the genus Plectranthus is rich in essential oil (i.e. > 0.5% volatile
oil on a dry weight basis).The main constituents of essential oils of Plectranthus are mono- and sesquiterpenes.

  Seasons Survival
%

Av.plant
height cm

Av. fresh weight
g/ herb of plant

Plant
growth rate

Plant growth inside normal greenhouse (under controlled
Spring 94 29.44 63.89 44.74

Summer 100 59.52 122.97 153.96
Autumn 100 43.21 111.68 131.09
Winter 88 18.88 27.77 22.33

Plant growth in outside normal greenhouse
Spring 87 24.22 53.89 34.74

Summer 100 44.55 162.97 153.96
Autumn 100 33.66 141.88 131.09
Winter 82 15.33 21.77 22.33

LSD at 5% - 3.254 4.221 2.725
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Fig (1) GC chromatogram for oil of Plectranthus amboinicus.

Table (7) GC/ MS analysis of essential oil Plectranthus amboinicus

No KI(Kovats
Retention Indices)

Name %

1 931 Thujne 01.20
2 933 α pinene 00.70
3 953 Camphene 04.70
4 980 β pinene 04.10
5 990 β Myrcene 11.30
6 1029 Limonene 42.00
7 1290 Thymol 00.70
8 1351 α Cubebene 9.80
9 1355 Thymol acetate 01.50
10 1376 α Copaene 00.74
11 1386 Junipene 00.54
12 1390 β Cubebene 02.14
13 1410 Trans-caryophllene 00.95
14 1449 α Humulene 00.85
15 1461 Dodecen-1-ol 00.89
16 1485 β Selinene 01.75
17 1492 α Zingiberene 00.84
18 1495 α Selinene 01.60
19 1498 α Amorphene 01.40
20 1521 Cis-Calamenene 01.80
21 1530 Delta-Cadinene 03.00
22 1577 Caryophyllene oxide 01.50
23 1866 Pentadecanoic acid 06.00

Total  - - 100.00
Kovats Retention Indices according to the mass spectrum (MS) and by comparison of KI with the literature.

II  -  % Antioxidant activity,  Total  phenolic  compounds and Total  flavonoids in different extracts  of  the
studied plants as percentage of extracts of P. amboinicus.

As shown in table (8), the antioxidant activity, total phenolic compounds and flavoniod contents were
investigated through out greenhouse and in greenhouse cultivated P. amboinicus groups. The obtained results
were appeared 38 %, 77 μg and 29%, 35 μg %, while the results of in greenhouse were 25 %, 55 μg % and 28μg
%, respectively.
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It has been mentioned that, the antioxidant activity of plants might be due to their phenolic compounds
(Cook and Samman,13). Flavonoids are a group of polyphenolic compounds with known properties which
include free radical scavenging, inhibition of hydrolytic and oxidative enzymes and anti-inflammatory action.
Some evidence suggests that the biological actions of these compounds are related to their antioxidant activity
(Frankel and Meyer 32). Currently available synthetic antioxidants like butylated hydroxy anisole (BHA),
butylated hydroxy toluene (BHT), tertiary butylated hydroquinone and Gallic acid esters, have been suspected
to cause or prompt negative health effects. Hence, strong restrictions have been placed on their application and
there is a trend to substitute them with naturally occurring antioxidants. Moreover, these synthetic antioxidants
also show low solubility and moderate antioxidant activity (Barlow, 53).

Table (8) % Antioxidant activity (by using of DPPH method), Total phenolic compounds (Measured by
Folin Ciocalteu and Total flavonoids (Measured by AlCl3) in different extracts of the studied plants as
percentage of extracts of P. amboinicus.

Part III- Anti microbial Screening studies for volatile oil of P. amboinicus.

1- Antimicrobial Activity by using Disk Diffusion and MIC Assays:

As shown in (Tables 9 and 10) that all the test organisms except Pseudomonas aeruginosa (ACCT
27853) and Pseudomonas aeruginosa (ACCT 9027) are most susceptible towards oil comparing with other
organisms tested. The abundant of phytochemical constituents in P. amboinicus oil as mentioned in (Tables 7)
might contribute for the abilities of the extracts to inhibit the microbial  growth successfully even with the small
concentration tested (containing 10 μl of pure oil). But, the abilities of the P. amboinicus water extract to kill
the microorganisms  somehow difficult for , Pseudomonas aeruginosa(ACCT 27853) ,Pseudomonas aeruginosa
(ACCT 9027), Escherichia coli (ATCC 10538) and Escherichia coli (ATCC 14169) (9.0 to 6.0 µg/ml) as
described  by  MIC  values  in  (table  10).  Nascimento et al. 54 reported that B. subtilis has the protective
endospores so that it can tolerate in the extreme conditions easily. Based on (Table 10), P. amboinicus root
extract were considered susceptible to the all microorganisms tested especially fungus, yeast and some strains
of bacteria. In this study, the abundant of phytochemical exist in the plant as in P. amboinicus  whole plant
didn’t assure the susceptibility of the bacteria towards the plant extracts. The spread antibiotic-resistant
microorganisms plus the complexity of the phytochemical itself might be the reasons for the P. amboinicus oil
tolerant to the some bacterial tested. The susceptibility of the test microorganism is related to inhibition zone
size in millimeters via agar well diffusion assay. Microorganisms are termed susceptible to the plant extract
when the zone inhibition is equal to or more than 3 mm (≥3) in diameter, or resistant with a zone of inhibition
less than 3 mm (<3) therapies Nascimento et. al., 54. Among the microorganisms tested are more resistant to the
P. amboinicus oil, Pseudomonas aeruginosa (ACCT 27853) ,Pseudomonas aeruginosa (ACCT 9027),
Escherichia coli (ATCC 10538) and Escherichia coli (ATCC 14169) are less susceptible to the action of
antimicrobials  activities more than fungal organisms and yeast since the less susceptible  microorganisms
possess an outer layer of membrane which could protect cell wall and restrict hydrophobic compounds from
diffuse through the lipopolysaccharide covering (Vaara, 55). And this agreement with Nara et.al., 56.   However,
the formation of a clear zone of inhibition from agar-well diffusion assay could not indicate the effectiveness of

Name of extract % Antioxidant
activity

Total
Phenolic

contents µ g %

Total
Flavonoids

contents   µ g
%

P. amboinicus  growth
out greenhouse 38 % 77 65

P. amboinicus  growth
 In  greenhouse 29 % 35 31

Mother plant growth
out greenhouse 30 % 70 55

Mother plant  growth
In   greenhouse 25 % 30 28
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the antibacterial activity (Friedman et al.,57), the micro-dilution method has provided a potentially useful
technique for MIC of large numbers of test samples. Its advantages over diffusion techniques include increased
sensitivity for small quantities of extract and ability to between bacteriostatic and bactericidal, (Ncube et al. 58).

Table (9). Antibacterial activity of the essential oils of P. amboinicus

*The results are the mean of 3 readings. Key, R= Resistant (absence of inhibition of microbial growth at
100ug/ml) H= halo of inhibition (mm) EO= Essential oil; Cef. = 0.2UI/ml; 10mg; - = not determined

According to El-hawary et al. 15 and Claribel Luciano-Montalvo et, al.,59, the MIC of extract against the
tested microbes was found that oil of the leaves showed high antifungal activity against all the tested fungi and
yeast compared to clotrimazole as standard .The findings indicated that the oil of P. amboinicus contain
phenolic compounds that have antimicrobial activity comparable to other medicinal plants.

Table 10. Minimum inhibitory concentration (MIC) P. amboinicus

Diameter of zone of inhibition (mm)
distinguishTest organisms

ClotrimazoleCeftriaxon.EO
-
-
-
-
-
-
-
-

21
19
17

22
22
23
30
25
26
29
29
-
-
-

R
R
5
7

15
4

21
17
19
13
10

Pseudomonas aeruginosa(ACCT 27853)
Pseudomonas aeruginosa(ACCT 9027)
Escherichia coli(ATCC 10538)
Escherichia coli(ATCC 14169)
Micrococcus luteus(ATCC 9341)
Bacillus subtulis(ATCC 6633)
Staphylococcus aureus(ATCC 6538)
Staphylococcus aureus(ATCC 25923)
Candida albicans(ATCC 10231)
Aspergillus niger(ATCC 16404)
Fusarium oxysporum(ATCC 48112)

MIC
(µg/ml)

EO

Test Organism

7.1
9.0
8.2
6.0
1.5
2.1
0.5
0.37
1.4
1.2
1.45

Pseudomonas aeruginosa(ACCT 27853)
Pseudomonas aeruginosa (ACCT 9027)
Escherichia coli (ATCC 10538)
Escherichia coli (ATCC 14169)
Micrococcus luteus (ATCC 9341)
Bacillus subtulis (ATCC 6633)
Staphylococcus aureus (ATCC 6538)
Staphylococcus aureus (ATCC 25923)
Candida albicans (ATCC 10231)
Aspergillus niger (ATCC 16404)
Fusarium oxysporum (ATCC 48112)
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