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Abstract

This study was applied to isolate and identify Aeromanas
hydropiila which is causative agent of Motile Aeromonas
septicemia (MAS) in freshwater fishes (Creachromis niloticus and
Clarias gariepinus} and to study the efficacy and characterization of
an antibacterial agent from (Origanum Vulgare) against Aeromonas
hydrophila in vitro which is causative agent of (MAS).

This study was applied on 100 O. nidoticus weighted 80 + 5
g and 100 C gariepinus weighted 150 £ 5 .g O niolicus were
suffering from lose of appetite, lethargic, swim near to the water
surface, hemorrhage at the fins bases ulcer behind the head
roughness of scales (bristle out), slight distended abdomen and
redness of anal opening. Internally. the fish had distended gall
bladder, enlarged kidney and accumuldtion of serious fuid in
abdominal cavity. While C. garfepinus showed hemorrhage, erosion
and ulcer on different area of the body specially the lateral and
ventral parts of the body. Internally, there were congested liver,
kidney and spleen with hemorrhage is peritoneal cavity and the
intestine was free from any food particles.

The bacteriological examination of samples taken from
clinically affected fishes - revealed the isolation of Aeromonas
hydrophila . The incidence of infection in 0. piloticus reach 58%
but in C garfepinus was 45% with a total percentage in both
fishes 51.5%. The experimental infection with the isolated
Aeromonas fydrophila intraperitoneafly resulted in 90% mortality in
O. nitoticts and 80% mortality in ¢ gariepinus, The antibiogram
sensitivity test showed that ciprofloxacin in a dose 5mg is highly
effective in control of Aerorrionas fydrophila. The separation of the
active ingredient and its purification was performed using both thin
layer chromatography (TLC). and column chromatography
techniques. The physico-chemical characteristics of the purified
antibacterial agent viz. color, melting point, solubility, elementa!
analysis, spectroscopic characteristics and assay of total phenolics
have been investigated. ‘ ,

The active extract of Origanum vuigare a8 suggested
empirical formula of C11 H19 O8N was evaluated as antibacterial
agent against A. Aydrophila organism.

INTRODUCTION
Diseases pose a serious probiem for the development of aguaculture especially
for bacterial diseases that cause massive fish moitalities. Motile Aeromonas Septicemia
(MAS) cause 13 — 22% mortalities in catfish (Duarte et a/, 1993) and cause 80%
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mortalities in Tiiapia (Plumb 1999) and Shoemaker et al, 2000). MAS. affects fresh-
water, occasionally brackish water .and marine Azad et al, (2001). Aeromonas
hydrophila is common water borne bacterium, which may be present in the tissues of
apparently normal fish Bullock and Sniesko, 1996). Aeromonas hydrophila is considered
as an opportunistic pathogen for human causing soft tissue wound and diarrhea
(Altwegg and Geiss, 1989). The risk associated with use of chemical and antibacterial
agent may lead to increase antibiotic resistant bacteria, increase human infection and
increase of residue, which méy cause toxic and allergic reaction (Dixon, 1994). Herbs
can be used in treatment of bacterial diseases in aquatic animals. They are natural
products, which are usually safe for consumers. Many kinds of herbs may be used,
including "Origanum vulgare'. The antimicrobial substances extracted from herbs are
newly used for the treatment of bacterial diseases of fish. Consequently, interest has
been focused on alternatives to chemicals particularly for best and disease control.
The use of natural products from medicinal piant extracts for disease control are
considered as one of the strategies available but much experimental work is being
carried out to assess their commercial applicabitity (Kosar. et al, 2005). N

Origanum plants belonging to different species and ecotypes (biotypes) are
widely used in agriculture and the pharmaceutical and cosmetic industries as a
culinary herb, flavoring substances of food products, alcoholic beverages and
perfumery for their spicy fragrance. It has been also used as a traditi.onal remedy to
treat various ailments such as a spasmodic, antimicrobial, expectorant, carminative
and aromatic for whooping and convulsive coughs,; digéstive disorders and menstrual
problems (Aligiannis et af, 2001). In previous studies, it has been demonstrated that
the content of essential oil and extracts of medicinal plants like Origanum species
containing antibacterial activities on ‘many bacteria, namely (Escherichia coli,
Enterobacter s‘ph., Bacillus spp., Salmonella spp., Staphylococcus aureus, Klebsiella
pneumoniae, Listeria monocytogenes and Campylobacter jejuni (Sahin et af, 2004).
Antioxidant and other biological activities may be changed based on the deference's in
cultivation, origin, vegetative stage and growing seasons of the plants (Deans et al,
1992, Milos et af, 2000). The chemical compositions of O. Vu@are subspecies vulgare
are caryophyllene, spathulenol, germacrene-D and a terpineol (Sahin et a/, 2004).
From aforementioned data, this work was planned to study the effect of the pure
extract of Origanum vulgare as aqtimicrobjal agent on the causative agent of Motile

Aeromonas Septicaemia in freshwater fishes.
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MATERIALS AND METHODS
Naturally infected fish: A total number of 100 O. nifoticus weighted 80 + 5 g and
100 C gariepinus, weighted 150 + 5 ¢ were collected from ponds of Central
Laboratory for Aquaculture Research, Abbassa, Sharkia, Egypt and subjec:ced to full
clinical and postmortem examinations according to methods described by (Plumb and
Bowser, 1983). '
Bacteriological examination:-

Samples were taken under aseptic condition from the affected lesions (skin
ulcer, tait and fins, gills, liver, kidnies, spleen and ascitic fluid), then inoculated into
tryptic soy broth (Difco) and incubated at 29°C for 24 hrs, then streaked on
Aeromonas base agar with supplement (Ampicillin} (Biolife). Pure colonies were
inoculated on nutrient agar slant for further identification by standard microbiological
procedures according to Schaperclaus et a/ (1992).

Experimental infection:

A total number of 30 apparently héalthy 0. nifoticus and 30 (. gariepinus were
collected from (Central Llaboratory for Aquaculture Research). Fishes were
acdimatized to laboratory condition for 2 weeks in glass aquaria. The O. nffoticus
divided into 3 groups, each group contains 10 fish a shown in Table (3). The isolated
Aeromonas hydrophila was injected I/P with a dose of 0.2 ml of 24 hr broth culture
{5x1C° cfu) according to the methods described by Schaperctaus et al, (1992)
Antibiogram sensitivity:-

Antibiogram sensitivity was performed using different chemotherapeutic agents;
the test was done according to method described with Quinn et al,,{ 1994).

Plant materials:- ‘ ' -
Shoot system (leaves and stems) of Origanum vulgare (Lamiaceae) were
collected from South Sienna. The shoot system (leaves and stems) of Origanum
vulgare was dried at room temperature, powdered and kept in plastic bags until
extraction. ' ' '
Screening for antibacterial activity:
The antibacterial activity was determined according to Kavanagh (1972).
The extract of 0. vuwigare was tested agamst standard Gram posltive and
Gram negative organisms as follow: o

1-Gram Positive: Staphylococcus aureus, NCTC 7447; Bacilfus subtilis, NCTC 1040,
Bacillus pumilus, NCTC 8214; Acinetobacter baumanni and’ Sarcina maxima, ATCC
33910. ‘ ' '

2- Gram Negative: Escherichia coli, NCTC 10416; Klebsiella pneumonia, NCIMB, 9111,
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Also, the extract was tested as specific fish pathogen A. Aydrophi/a, which is
locally from naturally infected freshwater fishes,
Extracticn of plant materials:-

The coarsely powered shoot parts of Origanum vulgare (200 gms) were
extracted with distilled water, 95 % ethanol and then partitioned using ethy! acetate
and chloroform for 6 hours in a Soxhlet, after which the extract was fiftered using
Whatman filter paper No. 1 after cooling. The excess solvent of crude and partition of
aqueous and organic extract was removed under vacuurn using rotary evaporator.
Each extract was kept in refrigerator for further biological investigation.

Precipitation: - o

The precipitation process of the antibacterial agent was carried out using
petroleum ether. The compound precipitate was centrifuged at 5000 rpim for 15 min.
The antibacterial agent powder was tested for its antibacterial activity by using cup
assay method.

Separation:- ) .

Separation of the antibacterial agent into its individual components has been
tried by thin layer chromatography using a solvent system composed of chicroform
ahd methanol (24: 1, v/v).

Purification: - » _

The purification of the antibacterial agent was carried out by using Silica Gel
Column Chromatography. A column of 2.5 X 50 cm was used for this purpose.
Chioroform and Methanol 10;1 (v/v), was used as an eluting solvent. The column was
left for over night until the silica gel (BDH ~ 60- 120 mesh) was completely settied.
One-ml crude extract to be fractionated was added on the silica column surface and
the extract was adsorbed on top of silica gel. Fifty fractions were coliected (each of 5
ml). Antibacterial activities were performed for each separate fraction.

Assay for total phenolics:- _ :

Total phenolic constituent of the methanol extract of O. vuigare ssp. vuigare
was determined by employing the methods given in the literature Slinkard.and -
Singleton (1997) involving Folin - Ciocalteu reagent and gailic acid as standard.
Physico-chemical praperties of antibacterial agent:- ‘ .
1- Eleme;ltal analysis The elemental ‘analysis C,H, 0O, N, and S was carried out by
the microanalytical center of Cairo University, Egypt.

2- Spectroscopic analysis: The IR, UV, Mass spectrum and NMR-Spectrum were
determined at the micro analytical center of Cairo University, Egypt.

Biological activity: The minimum inhibitory concentration (MIC) has. been
determined by cup method assay.
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RESULTS AND DISCUSSION

The results of clinical examination of the moribund O. niloticus showed loss of
appetite, loss of balance, swimming near to the water surface, scales losses behind
the head and roughed scales. These results agree with those mentioned by
Shoemaker et al (2000); Cipriano, (2001); El-Ashram, (2002); Abou El-Atta, .(2003}
and Abou El-Atta and Wafeek, (2005).‘Also, hemorriage at the fin bases and most
parts of the body, slight exophthalmia {Photo.1} and fryed and sloughed tail and fins
rot (Photo. 2) were recorded. Internally, the organs were enlarged liver, congested
spleen and kidney, distended gallbladder with bile due to constriction of the bile ducts
as a result of hepatomegaly. These results accepted with those mentioned by
Shoemaker et al, (2000); Cipriano, (2001); El-Ashram, (2602) and Abou Ei-Atta,
(2003). In addition, the intestine was free from any food particies, these lesions may
be due to bacterial toxins which secreted by bacteria (Photo. 3). The clinical
examination of C gariepinus showed, loss of barbles, hemorrhage, erosion and ulcer
especially lateral and ventral surface of the body, congested and hemorrhaged fins
and the ulcer margin very clear a round the ulcerated area {Photo. 485). These results
“:arly agree with recorded with that recorded with (Plumb, 1999) Internally, C
garigpinus showed congested liver, kidney, spleen, and intestine hemorrhaged and
free from food distended gall bladder and hyperemic and congested musculature
{Photo. B6)

Bacteriological examination:- ‘

According to morphological and biochemical characters shown in Table (1), the
isolated bacteria was proved to be Aeromonas hydrophils. 1t was -ve, short rods
0.3x1.0-3.54, rapid growth rate colonies with in 24 hr at 29°C help its ubiquity these
results were almost similar to those described by Enany el af, {1985); Roberts,
(1989); Roberts, (1983); Plumb, (1999); EI-Ashram, (2002) and Abou Ei-Atta, (2003).
The prevalence and distribution of Aeromonas hydrophila in different organs and
tissues of O. nioticus and C gariepinus shown in Table (2} where the higher
percentage of distributions in skin ulcer and tail and fins W|th 44.66% and 38.83%
respectively while lowest percentage were recorded from‘sble_en and ascitic fluid
17.47%. The higher prevalence of A Aydrophila could be attributéd to its presence as a
part of intestinal flora of healthy fresh water fish and marine water fish {Neoman, 1982).
The highest recovery rate of A. hydrophila from skin ulcer, fins and tail this may be
attributed to the primary entrance of systemic infection these results agree with Enany et
al, (1985); Azad et al,, (2001); El-Ashram, (2002) and Abou El-Atta, (2003).
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Experimental infection:-

Injected fishes showed nearly similar clinical signs and postmortem lesions to
natural infected fishes. The mortality rate among artificial infected fishes showed in
Table (3). The intraperitoneal (I/P) route of injection appear to be more pathogenic
than the intramuscular (I/M) route.

Table 1. Important morphological and biochemical characters of Aeromonas.

Test Reaction

Motiliy +

Gram staining -

Gelatin | iguefaction

Oxidase

Q/F
Growth on 5% NaCl -

Indol

V.p
Methyl red
H2S production -
Catalase

Nitrate reduction
Citrate utilization
Arginin hydrolysis

n |+ i+

+ i+ |+

+ [+ [+ 1+

Fermentation of

+

Glucose

-+

Sucrose
Lactose
Maltose

Galactose
Fructose
Trehalose +

+ 1+ [+

+ (positive) - (neQative) '
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Table 2. Distribution of Aeromonas hydrophifa in different tissues and organs of
clinically diseased Tilapia nilotica and Catfish (Clarias gafiepinus),

Fish Crgan Skin Tail . Ascitic
Gill Liver Kidney Spleen
species — ulcer &Fin Auid
ﬁ[apfa No 12 11 7 9 8 -5 6
nilotica % | 20.68 18.96 12.06 15.51 13.79 8.62 10.34
I
No 11 9 6 7 5 | 4 3
Catfish _ |
% 24.44 20.00 13.33 15.55 11.11 8.88 6.66
Total 23 20 13 16 13 9 g
Mean % 44.66 38.83 25.24 31.06 25.24 17.47 17.47

Tabie 3. Mortality rate among Tilapia nilotica- and Catfish (Clarias gariepinus)
~ inoculated with Aeromonas hydrophita.

- Route of T 4 dose of ini No of | No of Mortality
and dose of injected ortali
= 2 g injection ype ’ - injected -y Dead |
w X 8 material %
C @ (U] - fish fish
o.2ml of 5X10° cfu of '
I 1.P. o 10 9 90
' Aeromonas hydrophila '
o.2ml of 5X10° cfu of '
1 ILM. 10 8 80
o 3 Aeromonas hydrophila
: 5 |
= =( I LP.+I.M. | 0.2 ml of ste_rile broth 5+5 0 0

o0.2ml of 5X10° cfu of g
I 1.p. 10 8 80

Aeromonas hydrophila
o.2mt of S5X10° cfu of
I I.M. 10 7 70
£ Aeromonas hydrophila - . '
8 (I | LP.+LM, | 0.2 mi of sterile broth 545 0 0
Antibiogram sensitivity test:-

The antibiogram sensitivity test revealed that Aeromionas hydrophila is sensitive
to ciprofloxacin (CIPs) at a concentration of (5 mg) as shown in Photo. (7). These
results were mentioned also by Abou El-Atta and Wafeek, (2005).

Control of pathogenic bacterial growth using Origanum vulgare:
. The antibacterial sucstance produced by Origanum vulgare exhibited various
degrees on inhibitions of A. hydrophila growth (Table 4} and Photo (8).




560 EFFICIENCY AND CHARACTERIZATION QF AN ANTIBACTERIAL SUBSTANCE FROM
(ORIGANUM VUL GARE) AGAINST AEROMONAS HYDROPHILA IN
SOME FRESHWATER FISHES.

Extraction, Precipi'tation and Purification of ant_ibactérial activities:-

The coarsely powered shoot parts of Origanum viigare (200 g) were extracted
with 95 % ethanol for 6 hours in a Soxhiet, then the extract was filtered using
Whatman filter paper No. 1 after cooling. The excess of crude extract was evaporated
under vacuum using rotary evaporator. The residual syrup was dissolved in least
amount of DMSO and filtered. The filtrates were tested for their antibacterial activity
{Table5). The coarsely powered shoot parts of Origanum vulgare (2060 g) were
extracted with 95 % ethanol for 6 hours in a Soxhlet, then the extract was filtered
using Whatman filter paper No. 1. Similar results were recorded by Anna ef a/,
(2004). Only one fraction was obtained with petroleum ether (b.p. 40-60°C) by
centrifugation at 5000 rpm for 15 minute. Crude deep green powder was tested for
their antibacterial activities by using cup diffusion method. Separation of the
antibacterial agent into individual components has ‘been carried out by thin layer
chromatography (TLC).

The obtained resuits revealed two bands at R; 0.46 and 0.87. One band at R,
0.46 exhibited obvious inhibitory effects against the grOWth bacterial strains.'

The puriﬂcation of the antibacterial substance was carried out by using silica gel
column chromatography. The active fractions were concentrated. The maximum
activity was recorded at fraction No, 9&10 (T. able. 6). These results were simifar that
mentioned by Tohamy et a4 (2006)

The excess of crude extract evaporated under vacuum using rotary evaporator.
The extract was concentrated and treated with petroleum ether (b.p. 40-60°C) for
precipitation process where only one fraction was obtained in the form of deep green
ppt. o

Separation of antibacterial substance into individual components has heen tried
by thin-layer chromatography using a solvent system composed o'f chloroform and
methanol (24:1, v/v) as developing solvent. The band with R value of 0.46 and 0.78
there is one band at R, 0.46 exhibited obvious inhibitory effects against the growth
bacteria strains. For the purpose of purification process, the antibiotic were allowed to
pass through a column chromatography packed with silica gel and eluting solvent was
composed of chloroform and methanol (10:1, v/v), fifty fractions were collected and
tested for their activities. The maximum activity was recorded at fraction No. 9&10.
Similarly, many workers used a column chromatography packed with silica gel and an
eluting solvent composed of various ratios of chleroform and methanol. Similarly; Yoko
et al, (2001) and Ueno et af, (2002),
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Physico-Chemical properties of the antibacteriat substance:

The physical characteristics of the antibacteriai substance denored a melting
paint are 175°C and soluble in, ethanol, water, chloroform, DMSO and methanol but
insoluble in, petroleum ether, n-Butano!, hexane and benzene.

A-Elemental analysis:

The elemental analytical data of the antimicrobial substance indicated that:

C=46.31; H=6.31; N= 4.85; 0= 42.53 and S= 0.0 B
This analysis indicate a suggested empirical formula of: Cy; Hyg OBN,-
The spectroscopic characteristics of antibacterial substance revealed the presence of
the maximum absorption peak in UV. at 188 nm, infra-red absorption spectrum
represented by 22 peaks and Mass-spectrum showed that the molecular weight is-294.
B- Spectroscopic characteristics: |

The ultraviolet (UV) absorption spectrum. of the ahtibacterial substance recorded
a maximum absorption peak at 188 nm (Fig.1). The infrared {IR) spectrum of the
antibacterial substance showed characteristic band corresponding to 22 peaks (Fig.2).
The Mass spectrum of antibacterial substance showed that the molecular weight at
294 (Fig.3) and NMR-spectrum has been also investigated (Fig. 4).

Total of phenoclic compounds:

Based on the absorbance value of the methanol extract solution, reacted with
Folin — Ciocalteu reagent an compared with the standard soclutions of gallic acid
equivalents as described above, the amount of total phenolics was estimated as 235
ug/ml dry extract {24%,w/w). The amount of total phenolics constituent of the
methanol extract of O. vulgare was estimated as 235 ug/ml dry extract (24%, w/w).
Similar results were recorded by Sahin et a/, (2004) o

The physico-chemical -characteristics of the purified antibacterial substance
revealed that, the melting point are 175°C and soluble in, ethanol, water, chioroform,
DMSO and methanol but insoluble in, petroleum ether, n-Butanol, hexane and
benzene. Similar results were recorded by Ueno et al, (2002) , Anna, et al, (2004),
Sahin ef af, (2004) and Kosar et af.,( 2005).

C- Biological activities of the purified antibacterial sdbstance:-

Data of the antibacterial spectrum of antibacterial agent indicated that the
antibacterial agent is fairly active against Gram-positive and Gram negative bacteria
{Table7). The MIC of antibacterial agent under study exhibited various activities
against gram positive and gram-negative bacteria. Similar investigations and results
were attained by Atta, et a/ (2003) Sahin, ef al (2004), Kosar, ef aj (2005) and
Tohamy et a/.,(2006).
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CONCLUSION
From the results mentioned above the antibacterial substance extracted from
Origanum vulgare can be used for control of bacterial diseases caused by Gram
positive and Gram negative bacteria instead of chemical antibiotics for their safety for
human and environment.
Table 4. Mean diameters of inhibition zones (mm) caused by 1004l of the antibacterial

activities from Origanum vulgare in the agar plate diffusion assay (The
diameter of the used cup assay was 10 mm).

Test 6rganism - *Mean diameters of
S - inhibition zones {mm)
Aerorrionas hydrophila 32
Table 5. Extraction of antibacterial substance of Grfgéndm Vu/gére. |
_ _ *Mean diameters of inhibition zones
Extract Type , (mm})
, Aeromonas hydrophila
Crude aqueous extract S ) 0.0
Ethyl Acetate , - 10
Ethyl Alcohol : . A 33
Acetone IR - 28
Chloroform E : 0.0

* Mean values of 3determinations. |

Table 6. Isclation, ‘precipitation and purification steps of antibacterial substance from
Origanum vulgare

*Mean diameters of
Step - : S inhibition zones (mm)
Aeromonas hydrophila
1Isolation - - 32£0:15
2-Precipitation 31+ 0.20

3-Purification by Column chromatography -~ | = 28% 0.23 -
* Mean values of 3determinations. : ' '
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Table 7. Antibacterial spectrum of the Purified antibacterial substance by applyiig ihe

cup method assay.

Organism

1-Gram Positive Bacteria:

Micrococcus lutes,
Staphylococcus aureus,
Staphylococcus haemolvticus
Bacillus subtilis

Bacilius pumilus

Sarcina maxima

2-Gram Negative Bacteria
Escherichia colf

Kiebsiella pneumonia
Salmoneliz typhi,

3-Bacteria isolated from Fish
Aeromonas hydrophiia

Code

ATCC 9341
NCTC 7447
NCTC 29968
NCTC 1040
NCTC 8214
ATCC 33910

NCTC 10416
NCIMB 9111
ATCC 10145

MIC (ug/ml)
concentration

11.7
11.7
15.6
20.8
20.8
7.8

234
31.25
62.5

60.5

Phote 1. O. nifoticus clinicaily showed scale losses behind the head, roughed scales, haemorrhage at the
base of the fin and slight exophthalmia.

Photo 2. Q. aifoticus clinically showed fryed & sloughed tait and fin rot
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Photo 3. &, mioticus internally showed enlarged liver, gall bladder, congested kidney and splaen.

oy e
:1%15--..,...-;.,1‘ 5
-

Photo (4 & 5) €. garigpinus clinically showed loss of barbles, erosion and ulcer espedially at the lateral and
ventral surface of the body .

Photo 6. C gariepinus internally showed congested liver, spleen, kidney the intestine haemorrhaged and
free from food.
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Photo 7. Antibiogram sensitivity test on MUller,s Hinton agar media showed zone of inhibition around the
antibiotic discs.

Photo 8. The antibacterial substance produced from Origanum vuigare exhibited various degree of inhibition
on A. hydrophila growth.
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Fig. 1. The mass spectrum of the purified antimicrobial substance produced by

Origanum vulgare.
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Fig. 2. The UV spectrum of the antimicrobial substance produced by

| Origanum vulgare.
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574 EFFICIENCY AND CHARACTERIZATION OF AN ANTIBACTERIAL SUBSTANCE FROM
(ORIGANUM VULGARE) AGAINST AEROMONAS HYDROPHILA IN
SOME FRESHWATER FISHES.
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