Vet Med )., Giza. Vol.42,No.1.(1994):263-270

sOME PHARMACODYNAMIC EFFECTS AND ANTIMICROBIAL
'ACTIVITY OF ESSENTIAL OILS OF CERTAIN PLANTS USED IN.. .

EGYPTIAN FOLK MEDICINE

BY

A RAMADAN®, N. A. AFTFI*, M. M. FATHY**

Wrt oy,

I
1 (o

'E- A. EL-KASHOURY** and E. V. EL-NAENEEY***

' * Department of Pharmacology, Facultry of Veterinary Medicine, Cairo University, Giza, Egypt.
. =* Department of Pharmacognosy, Faculty of Pharmacy, Kasr-El-Ainy, Cairo 11562, Egypt.

' #== Department of Microbiology, Faculty of Veterinary Medicine, Zagazig University, Egypt.

"Recsived: 30/ 1/1994

 SUMDMIARY

“In this study ten essential oils were prepared from
.their respective natural sources namely:
Cimmamomum cassia barks (cassia). Curcuma sp.
. sezzomes (curcuma), Elettaria cardamomum fruits
{cardamom), Eugenia caryophyllus flower buds
‘{clove), Origanum syriacum herb (za'tar),
' Origanum majoranum herb (sweet majoram).
- Piper migrum fruits (black pepper), Rosmarinus
- &Ficinglis leaves (rosemary), Salvia triloba L.
: {maryamiyah) and Zingiber officinalis rhizomes
“{zimger). Their percentage yields, specific
{ g.:!zvi:.ics and refractive indices were determined.

Tic essential oils ginger and black pepper
na::k,edly stimulated the motility of rabbit's
- jsjumum at concentrations more than 47.2 and
- T0.0ug'ml respectively. While the other essential
. @ils possessed intestinal antispasmodic effects on
; ssolzted rabbil’s jejunum. All tested oils produced
- mmibnory effect on the uterus of the pregnant rat.
Ce-tx!mng the antimicrobial study, the sensitivity
. of minetcen microbes (six Grampositive and six
. Gram-segative bacteria, and seven fungi), to
- lested essential oils was investigated at different
" coacentrations (10, 25,50, 100 and 200 mg/ml),
. Cassis oil showed a pronounced antibacterisl
~acsivity against all tested bacteria in vitro.
| ' Esseatal oils of cardamom, curcuma, za'tar, sweet
- majoram and maryamiyah showed a moderate
- Batibactenal activity. Results of the antifungal
’-= study showed that cassia and clove essential oils
~ saused 2 pronounced antifungal activity in vitro
. 28 in vivo. Curcuma, za'tar and sweel majoram
,__&iwcﬂ 2 marked activity against Trichophyton
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mentagrophytes. za'tar showed also a moderate
inhibitory activity against the other tested fungi. '
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INTRODUCTION i e i3
Plants which contain essential oils are commonly
used as spices, aromatic, carminative, stimulant,
tonic, antispasmodic and stomachic (Chopra et.
al.,, 1956). Cardamom, cassia, clove curcuma,
ginger and black pepper are generally used for,
culinary purposes and im confeclwncry
(Purselgove et. al., 1981). Curcuma is externall
applied to sprains and wounds. While black
pepper is used as rubefacient and as a local’
application for relaxed sore-throat and skin
diseases. The friuts are used as aphrodisiad,
diuretic, emmenagogue and galactagogue (Chopra.
et. al., 1956). They are also used as tonic and
stimulant to digestive functions (Purselgove et.
al., 1981 and Boulos, 1983). Mixed with oil, it is
used by rubbing in treatment of acne and leprosy.
Ginger is used as stimulant to the gastrointestinal
tract and as a rubefacient, counter irritant and
aphrodisiac. Cardamom is used as diuretic and has
aphrodisiac‘properties (Purselgove et.. al.,, 1981).
Clove acts as antispasmodic. It is used in denustry
and as diuretic (Boulos, 1983). The essential oil of
rosemary is incorporated in ointments for
rheumatism, eczema, ulcers and wounds. It is also
used as robefacient and insecticide (Boulos,
1983).

Although essential oils are generally used as
flavouring agents and to impart fragrance in the
pharmaceutical and cosmetic industries, they h.'we.l
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been widely reported to possess antibacterial
activity (Soliman et al., 1994). The antimicrobial
activity of essential oils of Salvia triloba L.
(Mahmoud et al. 1992) and rosemary (Soliman et
al., 1994) was previously reported.

The purpose of this study was to evaluate the
activity of the essential oils of the mentioned
plants on rabbit's jejunum and pregnant uterus
preparations. Moreover, their antimicrobial
activities against representatives of bacteria,
yeasts, moulds and dermatophytes commonly
isolated from man and animals in vitro as well as
in experimentally infected guinea pigs were also
investigated.

EXPERIMENTAL

Plant Material

Cinamomum cassia Blume bark, (lauraceae),
Curcuma sp. rhizomes, (Zingiberaceae) Elettaria
cardamomum Maton fruits (Zingiberaceae).
Eugenia caryophyllus (Spreng.) Sprague flower
buds (Myrtaceae), Piper nigrum L. fruits
(Piperaceae) and Zingiber officinale Roscoe
rhizomes (Zingiberaceae) were purchased from
the local market at Cairo. They were kindly
verified by Prof. F. M. Soliman, Department
Pharmacognosy, Faculty of Pharmacy, Cairo
University. Origanum majorana L.herb and
Rosmarinus officinalis L. leaves (Labiatae) were
obtained from the Experimental Station of
Medicinal Plants (ESMP), Department of
Pharmacognosy, Faculty of Pharmacy, Cairo
University at Giza. Origanum syriacum. L. herb
and Salvia leaves (Labiatae) were obtained from
El-Arish, Sinai. The identity of Origanum
majorana L., O. syriacum L., Salvia triloba L. and
Rosmarinus officinalis L. was kindly confirmed
by Dr. Nahed El-Husseini, Department of Botany,
Faculty of Science, Cairo University. Herbarium
specimens are kept at the Department of
Pharmacognosy. Faculty of Pharmacy, Cairo
University.

Preparation of essential oils:
)

The essential oil of each sample was prepared
(Egyptian Pharmacopoeia, 1984) by
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hydrodistillation of the dried plasts, srcey
rosemary which was used fresh, The wolaly
distillate in each case was sepaszted, i
submitted for biological screeming Thse
percentage yirlds, specific gravities znd sefeacion
indices were determined (Table 1).

Preparation of solutio [/

investigation;

Each essential oil was dissolved in 2 kmows
volume of diluted (10%) aqueous Tween &0 T e
emulsions were used for all pharmacodysame

assays.

. armacologica ects

Preparations:
a- Intestinal Motility:

Experiments were carried outl using 2 glass =
bath apparatus of 50 ml capacity orgaa bach 2
piece of rabbit's jejunum was suspended fmao S
inner vessel of the apparatus containing Tyrmcies
solution at 37°C as described by the methos of
Perry (1968). The normal motility of isolznsi
rabbit's jejunum was recorded. Gradas
concentrations of each essential o1l was add=s »
the organ bath and their responses wers thex
recorded and ECgy values (comcemtracsm
inhibiting or stimulating muscle contractiom &
50%) were also determined. Trials wezre ziso
made to determine the site of action for each of
on the isolated rabbil’s jejunum.

b- Uterine Motility:

The method described by Robella et al (1823
was used . Uteri of Wistar rats at early pregausc
were isolated and mounted in a2 50ml capas
organ bath containing oxygenated Dale's sodama®
at 38°C. Normal rhythmic contractions we™
recorded using Harvard apparatus. Grades
concenlrations of each tested oil were added o B¢
bath and their effects were demonstrated T
ECy, values for each oil were also calculazed.
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B :Antimlcmbil Activity:

"tun vanisms used for the antimicrobia

"\.*\I | H
'ifﬂ acteria

Gram-positive: Staphylococcus aureus,
i#aphylococcus methicillin resistant,
\reptococcus types B and D, Streptococcus
@galactiae, and Bacillus subtilis.

- Gram-negative: Escherichia coli, Salmonella
¥phimurium, Pseudomonas aeruginosa,
Kiebsiella pneumoniae, Haemophilus influenzae
and Proteus mirabilis.

b. Fungi:

Candida albicans, Cryptococcus neoformans,
weasts), Penicillium sp., Aspergillus niger and A.
wmigatus (molds), Microsporum gypseum and
drophyrou mentagrophytes (dermatophytes).

_Anllbactenal Activity:

The sensitivity of the previously mentioned
yacteria to each essential oil was carried out in
irro by the agar diffusion sensitivity test using
Be bore method as described by Cooper and
¥oodman (1946). Different concentrations
1,10,25,50,100 and 200mg/ml) from each tested
essential oil were prepared in Twen 80 (10%).
- ght bores were made by a sterile metallic borer
Smm innerdiameter) at adequate distances. Five
plats were made for each tested concentration of
essential oil. The inhibitory zones were measured
mm) and calculated as means =+ S.E. M.
antared Error Mean).

- Antifungal activity:

Aall essential oils tested were sterilized through
seitz filter and used directly after dilution with
igar for testing their antifungal activities in vitro.
For studying the antimycotic effects in vivo, the
'-; ential oils were directly prepared in 20%
Concentration in lanolin, sterilized and used as

J'

dressing for the infected skin areas.
..
§
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A. Invilro study:

The antifungal activity of the tested oils was
studied in vitro as described by Robell and Lamb
(1953) and Abdel-Naby (1985). The Sabouraud
agar with and without oils (at concentrations of
2.5, 5, 10 and 20%) were inoculated in a zigzag
form (4 arms) with the test fungi. All plates were
incubated at 30°C for 7 days with yeast and molds
and 21 days with dermatophytes and the growth
of fungi was evaluated in comparison with the
control by one + for each arm.

B. In vivo study:

Fifty guinea pigs were divided into two equal
groups of 25 animals each. Animals in each group
were experimentally infected with either
Microsporum gypseum or Trichophyton
mentagrophytes culture suspenison using the
scarification method (Amer, et. al., 1985). Five
infected animals from each group were left non
treated as control, whereas the others were
treatedwith za'tar, sweet majoram, cassia and
clove oils. Each oil was used in 20%concentration
in lanolin for treatment of five animals from each
group. Treatment of infected animals was done by
local application of the prepared onitment of each
oil twice daily, for 20 days and the percent of cure
for each sample was determined. The curative
effects were confirmed by microscopic
examination and culturing of samples obtained
from the treated and non-treated skin lesions.

RESULTS AND DISCUSSION

The percentage yields of the essential oils of black
pepper, cardamom, cassia, clove, curcuma, ginger,
rosemary, maryamiyah, sweet majoram and za'tar
were 2.40, 4.01, 0.52, 4.90, 2.20, 1.28, 0.40, 1.45,
1.25 and 4.50 rcspccuve].y The specific gravities
and refractive indices were also determined
(Table 1). These data are significant criteria for
the identity and purity of these oils.

Effect of isolated organs:
This study revealed that the essential oils of
ginger and black pepper at concentrations more

than 47.2 and 70.0pg/ml bath markedly stimulated
the motility of isolated rabbit's jejunum
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respectively, as shown in Fig. (1). The essential
oils of cardamom, curcuma, za'tar, sweel
majoram, cassia, maryamiyah, clove and
rosemary at concentrations more than 24.4, 22.1,
30.0, 55.0, 87.6, 26.2, 67.0 and 41.7ug/ml bath,
markedly inhibited the motility of isolated
jejunum, respectively as shown in Fig (1). The
degre of stimulation or inhibition was found to be
10 harmony with the concentration added, since
larger concentrations completely stimulated or
relaxed the intestinal strip. Moreover, addition of

acetylcholine (1.1 X 107 m mol/L) produced
sumulation of the intestinal motility in the
presence of cardamom, curcuma, za'tar, sweet
majoram, cassia, maryamiyah, clove and
rosemary oils. Each of the essential induced its
effect directly on the muscle except cassia oil
(beside its effect on muscle) and rosemary.
Nicotine sulphate (10 pg/ml) produced no effect
of the intestinal motility in the presence of cassia
and rosemary oils (Fig. 2 and table II). These
trials proved that the site of action of these
essential oils is neither cholinergic nor ganglionic
(except rosemary and cassia oils) in nature and
may be directly on the muscle of rabbit's jejunum.

The calculated ECs, values and their ranges wer,
shown in Table II.

The stimulating effect of black pepper and ginge

on the intestine, which is in agreement with tha
previously reported (Purselgove et al., 1981 and

Boulos, 1983) is possibly due to their essential oil

contents.

All the essential oils tested produced an inhibitory
effect on the rat uterus at pregnant stage (Table II|
and Fig. 3) This effect was found to be in
harmony with the concentrations used, since
larger concentration caused complete relaxation of
the uterus. The calculated ECs., values and their

ranges were shown in Table III.

Hence all the tested essential oils exhibited an
inhibitory effect on the uterus at pregnant stage
they can be used safely for treatment of
dysmenorhea and uterine spasms during
pregnancy if it is proved to produce uterine
relaxation in intact animals. This needs further i
vivo experiment.

Table (I): Percentage yields, specific gravities and refractive

indices of essential oils

Essential 0j | Percentage Specific | Refractive
yield * gravity * index *
Black pepper 2.40 0.8872 1.48046
Cardamom 4.01 0.9329 1.46245
Cassia 0.52 1.0355 1.59832
Clove 4.90 1.0290 1.52323
Curcuma 2.20 0.9756 1.50943
Ginger 1.28 0.9417 149132
Rosemary 0.40 0.9205 1.47141
Maryamlyah 1.45 0,9394 1.46439
Sweet majoram 1.25 0.9891 1.46748
Za'lar 4.50 0.9249 1.48833

* Average of three determinations.
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Table (1V): Antibacterial activity of different concentrations of fested esseithal oils.

—
Diameter of iubiilition tones In wim (Meaw 1 8. E.)
Gram-positive sirains
Concentr o Gram-negalive strains
Tested oils moml " i, p
(mg/ml) | Staph. | Slap Strepte | SUept- | Strept, | talllus | Escherichi] Salm. ty- | pyeudomo Kiebstella |11 mophi|  Proteus
aureus Methiciliig type rm 1ype (D) bgalaciiae Jsubtilis scoll  phimuriam nas  pacumonl "bu mirabills
Reslsiant peruginoss " In Muenzae
1
mon L - ki s - ™ - - - - . a
15 5 = H " € - - “ |1a0e0as| - > &
50 4 N T < = = - - |1e0032| - = &
100 e - i = = - - - |nen| - - 1342025
o 00 = - - - - - - - 10.2:0.37 - - 1502031
1 i = i = - o - - |uesen| - = -
' Curcuma & &
é 10 ” = 5 ® - —  |126:025| - e -
- 25 o = * = i - - - 1028 | - = e
d 50 * - T N = = - ~- |164e025| - & >
g 100 = e ol ¥ = ¥ - - |11s037| - - =
1 200 “ - - - - - - =~ poorom| - - -
R Za'tar 1 - - - - - o i P oo e -
i w | -] - - -1 =-1-1 - ¢ | & | = y 5
| 15 - 13.4:0.54 e - - - - - - - - -
| 50 - 20.2:0.2 - - - - - - 16.6:0.37 - - =
100 - | 27.0:07 - - - = 14028 - |206040] - - -
200 - 18.8:0.) - - = = 13.4:0.28 - 27.6:0.51 - - -
| Cassia l - - - - - - - - - - - -
] 10 - - - - - = - 14.620.25] 166:025 p6dz0.51 | - -
i 15 = | 17.0:0.33 202:037 12,6204 - = 24.420.51] 18.6:040 p082025 | 162:037 | 1262025
50 = | 20.2:0.2 30.6:0.40124.0:03312.2:037 |  ~ |17.0:0.32 | 28.8:0.37) 25.4:0.25 P0.0:032 |27.0:032 | 16.9:032
100 [12.0:0.4] 28.6:0.2 36.4:0.51130.0:0.3315.0:0321 == 119450040 | 31.220.37] 30.6:0.40 P9.2:0.37 | 36.0:032 | 1802032
L 200 | 23.8:0.3] 35.020.3] 40.8:0.37|40.0:0.6 19.420.40 [150:0.3] 29.0,0.32 | 39.620.40] 38.6:0.40 §5.4:0.51 | 39.8:0.49 | 20.8:0.32
1 1 & - - - - - - - - -
amiyal] 10 - - - - - - - - - - - -
| |- 15 - - - - - - . « |102:020| - - -
50 5 & & ; & - - |naess| - - -
100 - - - - - - . - 17.2:0.57 - - L
00 & - - - 14.010.45 - - - 11.0:045 - = =
Ginger, black pepper, sweel majoram and clove
oils bave no antibacterial sctivity.
Table (V): Effect of tested essential olls un thie growth of some fungl.
Cundida | ¢ ; Penleilivm | Aspergillus | Aspergillus | Microsporum | Trichophyton
Concentratio ryptococcus | Penleilium | Aspergillus perg
Types of cil unf'otl (%)| #ibkans | peoformans spp. nlger fumigatus | gypsesm  uentagrophytes
Control plates et PN PN P ret thee rree
Curcunia 1.5 et +++t tht e tHet +iet rre e ree-
5 et et XX 23 rEEe rhee e W
10 et rtd et bt LXX ) rred L
0 [T htt I222; TI; reed [TXX )
Za'tar 15 +Ete Fhtt Tt e teéd the e ‘e
] rhbe (XL 2] hte *ee e thed e *he-
10 han e b e L2 b bime Yerr
0 * ran 4 amn P *4ee * - . anan
Sweet 2.5 teee thEt thee Teres rree veee rev
majoram 5 htt T thee e teee vt X o
1] they thte [XXT] e e thbe eee T IE
0 teee ‘e e e e et rred e
Cassla 15 'T1 1 thee Feen PP g o o
5 LR L . T #uas T Py aens
10 #one wans s vmn P Il - ans -\-:—: o
b1} ee e “er s chsd T L wass waan es
Clove 1.5 ‘hee I Xz tees O thoe b add e
5 e rre- 4 L2t L AL | kb e .
10 thes *hoe fane atas dais pune e
0 $ann #onn dane ansm wean dren amase
| 7
#+ + + m nomal growth, + + + - = slight lahibltion, + + - - - moderate inhibition, ¢ +++ = high !
degree of inhibition, + « = « = complete inbibition T
Essentlal olls of ginger, black pepper, marysmiysh and cardamom have no antifungil acuvity, 4.2
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Fig. 1: Effect of 1M pg'ml of Gimger (A), Black pepper
(B), Cardamem (C), Cercama (D), Za'tar (E),
Swest majoram (F), Cassia (G), Manyamiyah
(H), Clove T) and Rosemary ol (J) e isolated
rabbit's jejugum.
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T s W
[%- &= & e

Fig. 2: Site of action of cassia oil ( 100 pg/ mf) and rose-
mary oil (Ros. oil, 100 jig/mil) en isclated rabbit's
jejunum.

A- Cassia oil followed by small dese of gicutize (S. D.
Nicot).

B- Cassia oil fellowed by barium chlride (B. chloride)

C- Ros. oil followed by barfam chicride (B. chloride).
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Fig. 3: Effect of 100 uz'mi of Ginger (4, Binck gemsmer
(B}, Cardamem (C), Corvama (DA, Zaftar E..
Sweet majoram (F), Cassiz (G, Marpamiyes
(H), Clove (T) and resemary 8il (J; e slosgeer
otzrus of pregmant rats.

Fig. 4: (A) Normal growth of Pesccilanm ggp (L aited

high degre of inhRitioa (1) aad cungiiete Getsr
tica (3) of its growth caesed 1.3 agl 5% ol saasd

eil, respectively.

(B) Normal growth of A aigeril) sad smdemue Qs
tica () and complete

imhubitina Fu ol i greeea.s

caused by 2.5 aad 16% of cassia adll, pesgeianacs
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yatie (1D): In vitro ECgy values of essential vils on rabbit's jejunum

prepamation.
N EC Range for | Activity and site
Tested oils S0 | ECgy (upml)]  ofaction
(ng/ml)
Ginger 66,322 47.19-8545 | Stimulation of
muscle
Black pepper 71.841 69.99-7.68 Stimulation of
i muscle
| Cardamom 54624 | 24.40.84.85 | Inhibition of
F muscle
R
| Curcuma 51.612 22.14-81.08 Inhibition of
muscle
; Za'aar 47018 | 30.00.64.04 | [Inhibition of
muscle
Swesl majoram 71418 55.00-87.84 Inhibition of
muscle
Cassia 90.133 87.62-92.65 Inhibition of
muscle & ganglia
Ma—~vamivah .191 26.19-82.19 Inhibition ol
i 2 muscle
Clove 84.109 67.00-101.22 Inhibition of
muscle
Rosemary £1.137 41.67-60.61 Inhibition of
ganglia

TI=nie (I10):In vitro ECsy values of essential oils on pregnant

wterus of Wistar rats,

Tested cils ﬂﬁgu E(l:l: g&;?;n Activity
Ginger 225035 | 182.55-267.52| Inhibition
| Binck pepper | 135,185 | 129.96-140.41| Inhibition
; e 52445 | 46.17.58.72 | Inhibition
i Curcuma 93.080 | 80.45-105.71 | Inhibition
E Za'war 22795 | 2059-25.00 | Inhibition
{Sweer majoram | 47495 | 2175.73.24 | Inhibition
Cassia 119.435 | 87.81-151.06 | Inhibition
Maryamiyah 146815 | 12237-171.26| Inhibition
Clove 45815 | 42.98-48.65 | Inhibition
| | Mawemary 75910 | 6231-8951 | Inhibition

\'e:.Mcd.J..ana.Vo1.42.No.1[19941 Proc. 31d. Se. Cong. FacVetMed., Cako Unio.

Antibacterial effect:

Cassia essential oil in concentrations of 100, 25,
25, 50 and 200 mg/ml inhibited the growth of
Staph. aureus, Staph. methicillin resistant, Strept.
typec 8 and D, Strept. agalactia and Bacillus
subtilis, respectivley (Table 1V). Moreover, al the
tested gram-negative strains are inhibited by
cassia oil in concentrations more than 25 mg/ml.

The essential oil of Za'tar at concentration of 25,
100 and 50 mg/ml showed a marked inhibitory
activity against Staph. methicillin resistant, E. coli
and P. aeruginosa, respectivley. Cardamom,
curcuma and maryamiyah showed an inhibitory
activity against P. aeruginosa in concentrations
more than 25 mg/ml. The other tested oils showed
no activity against all investigated microbes. The
difference in the antimicrobial activity of
maryamiyah (Salvia triloba) from that previously
reported (Mahmoud et al., 1992) for the samples
obtained from Jordon is attributed to
envirommental conditions.

Antifungal activity:

The essential oil of cassia at 2.5% concentration
inhibited the growth of all tested fungi (Fig. 4).
This effect was found to be in harmony with the
concentration used (Table V).

At concentrations 2.5 and 5%, essential oil of
clove produced inhibition of the growth of
(Penicillium spp., A. niger, A. fumigatus, M.
gypseum, T. mentagrophytes) and (all tested
fungi) respectively. Ginger, black pepper,
cardamom and marymiyah showed no antifungal
activity against all selected strains of fungi (Table
V). Za'tar showed complete inhibition of T.
mentagrophytes, C. albicans and C. neoformans.
It showed a moderate inhibition to Penicilliun spp,
Aspergillus niger, A. fumigatus and M. gypseum.
Sweet majoram showed high degree of inhibition
of T. mentagrophytes at a dose of 20 mg/ml.
Curcuma essential oil caused complete inhibition
to Trichophyton mentagrophytes at a dose of 20

mg/ml.
Topical application of cassia oil at 20%

concentration completely cured all skin lesions
(100%) of experimentally infected guinea pigs
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with dermatophytes after 16 days treatment. Non
treated skin lesions were still inflamed, hairless,
ulcerated and covered with crusts after 20 days
post infection. The oils of clove and za'tar caused
complete cure of skin lesions in 60 and 40% of
animals after 18 and 20 days treatment,
respectiviey. The oil of sweet majoram caused
complete cure of skin lesions in 20% of animals
after 20% of animals after 20 days treatment with
T. mentagrophytes only. The curative effect of all
oils were confirmed by microscopic examination
and cultuning of the samples obtained from treated
and non-treated skin lesions on agar medium.

The broad spectrum antimicrobial activity of
essential oil of cassia makes it the drug of choice
for watment of infections caused by sensitive
strains of bacteria and fungi.

Acute and chronic toxicity of the investigated
essential oils are needed 10 prove their safety for
an:mal and human therapy.
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