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Introduction

Abstract:

BACKGROUND: Calf diarrhea is an important disease that
is caused by different pathogens including bacteria, virus
and parasites and is associated with economic losses. OBJEC-
TIVES: In this study, we evaluated the antibacterial activities
of Zatacin (Z. multiflora aerial part ethanol extract), colistin,
co-Trimoxazole and enrofloxacin against clinical isolates of
Salmonella sp, E. coli and Campylobacter sp isolated from
diarrheic calves. METHODS: Disc diffusion method and mi-
crobroth dilution assay were used for antimicrobial evalu-
ation. RESULTS: In disc diffusion method, the antibacterial
activity of Zatacin increased dose dependently. The sensitiv-
ity of different isolates of E. coli, Salmonella sp and Campy-
lobacter sp to Zatacin was almost the same. The antibacterial
activity of Zatacin was lower than that of enrofloxacin but
it was higher than co-Trimoxazole and colistin. The means
of MIC values of Zatacin for E.coli were higher than that of
Campylobacter sp and Salmonella sp but its means of MBC
values for E. coli were lower than that of two other bacte-
ria. CONCLUSIONS: Zatacin can be used as an antimicrobial
agent in treatment of infectious causes of calf scours instead
of antibiotics with undesired adverse effects on animal and
humans.

Salmonella sp, Campylobacter sp and
Escherichia coli are the specific bacterial
agents of dairy and beef calf diarrhea. Di-
arrhea in dairy and beef cattle is the leading
cause of mortality and morbidity in cattle
industries. Diarrhea is the result of increase
in bacterial colonization 5 to 10000-fold
in duodenum, jejunum and ileum of cattle
(Isaacson et al., 1978). Increase in coloni-
zation of small intestine has been associ-
ated with impaired glucose, xylose and fat
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absorption (Youanes and Herdt, 1978). Di-
arrhea is caused in all species of domestic
animals including young animals, pregnant
and lactating animals and bacteremia, acute
septicemia, abortion, arthritis and respirato-
ry diseases may occur.

The main therapies in calf diarrhea are
fluid therapies, antibiotics and nursing care.
The use of antibiotics in treatment of the
disease carries the risk of bacterial flora and
developing drug resistance to important
anti-bacterial agents such as colistin, enro-
floxacin and co-trimoxazole.
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Zatacin is a natural herbal product made
from ethanol extract of Zataria multiflora
Boiss aerial part for treatment of calf di-
arrhea. Z. multiflora is an aromatic plant
belonging to Labiatae family and has been
traditionally used for treatment of infectious
diseases. There are many researches on their
pharmacological activity as its traditional
uses include antinociceptive effects (Hos-
seinzadeh et al., 2000; Jaffary et al., 2004;
Ramezani et al., 2004), anti-inflammatory
effects (Hosseinzadeh et al., 2000, Ashtaral-
Nakhai et al., 2007), immune stimulation
(Shokri et al., 2006), antioxidant activity
(Sharififar et al.,2007; Babaie et al., 2007),
and their antimicrobial activities (Misaghi
and AkhondzadehBasti, 2007; Sharififar et
al., 2007; Fazeli et al.,2007; Moosavy et al.,
2008; Khosravi et al., 2008; Mahboubi and
Ghazian Bidgoli, 2010). The aim of this in-
vestigation was to evaluate the in vitro anti-
microbial activities of Zatacin against clini-
cal isolates of Escherichia coli, Salmonella
sp. and Campylobacter sp from diarrhea in
calves.

Materials and Methods

Disc antibiotics: Co-Trimoxazole (Sul-
pha/Trimethoprim) COT 25 mcg (23.75/1.25
mcg); Enrofloxacin EX 10 mcg, Colistin
(Methane Sulphonate) CI 10 mcg; Co-Tri-
moxazole Ezy MIC Strips (COT 0.016-256
mcg ml'), Enrofloxacin powder, Colistin
Ezy MIC Strip (C10.016-256 mcgml™') were
provided by HiMedia Laboratories Pvt. Ltd.

Bacterial strains: Salmonella sp (12 clin-
ical isolates), Campylobacter sp (12 clinical
isolates) and Escherichia coli (12 clinical
isolates) were isolated from clinical cases
of diarrhea in newborn calves. The bacte-
rial isolates were confirmed by biochemical

264

Mahboubi, M.

tests. All strains were cultured on nutrient
agar and incubated in suitable condition at
37 °C overnight. 1-2 colonies of each strain
were dissolved in normal saline and turbid-
ity was adjusted to 0.5 McFarland spectro-
photometrically (Optical density 600 was
0.6).

Disc diffusion assay: The antibacteri-
al activities of Zatacin and antibiotic discs
(co-trimoxazole, enrofloxacin, colistin)
were evaluated by disc diffusion assay. The
above bacterial suspensions were cultured
on Muller Hinton Agar by sterile swab and
blank discs or antibiotic discs were put on
cultured plates. The different dilutions of
Zatacin were put on blank discs (5, 10, 15
and 20 pl). The plates were incubated at 37
°C overnight and then the diameters of inhi-
bition zone in millimeter (in triplicate) were
measured. Inhibition zone diameters were
expressed as millimeter +standard deviation
(mm=SD) (Mahboubi et al., 2015).

Antibacterial activity of Zatacin by mi-
crobroth dilution assay and E-test: One
milliliter of Zatacin contained 0.63 mg phe-
nolic compounds (thymol and carvacrol).
A serial concentration of Zatacin was pre-
pared in purified water (15-0.015 mg ml™").
100 pl of each serial dilution was added
to each well of 96 micro plates. Bacterial
suspension was diluted in broth medium
(Muller Hinton Broth or Brucella broth) to
reach the 1x10° CFUmI'. 100 pl of dilut-
ed bacterial suspension was added to each
well. The plates were shaken for 30 min and
then incubated at 37 °C overnight. Then, the
first well with no growth was determined
as MIC value, and the well that showed no
growth on solid media as MBC value. 100
ul of tetrazolium chloride (0.02%) was add-
ed to each well to confirm the results. All
experiments were done in triplicate. The
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Table 1. The inhibition zone diameters (mm) of Zatacin against calf diarrheal pathogens by disc diffusion assay. * = ul/disc,**

based on the observed means at level 0.05, there were seven subsets, a was the most sensitive compound followed by b,c,.....

E. coli Salmonella Campylobacter total

Means+SE Min-Max Means+SE Min-Max Means+SE Min-Max Means**
Zatacin* (5) 7.57+0.25 6.1-10.4 6.8+0.14 6.1-8.6 6.2+0.05 6.1-8.1 6.74¢
Zatacin* (10) 10.5+0.43 6.45-14.8 10.9+0.39 7.1-18.8 9.24+0.16 6.1-17.6 10.2f
Zatacin* (15) 14.02+0.6 0.1-20.15 16.2+0.34 12.1-20.9 14.6+0.47 8.1.19.90 14.9¢
Zatacin* (20) 17.9+0.67 11.5-22.1 20.6+0.39 16.7-25.4 19.9+0.3 15.4-24.8 19.6°
Colistin 16.5+0.19 14.8-19.1 16.1+0.45 12.6-21.8 16.9+0.36 11.7-21.4 16.6¢
co-Trimoxazole 15.1£0.06 6.1-30.7 15.742.01 6.1-30.6 9.53+1.09 6.1-33.9 13.02¢
Enrofloxacin 28.5+1.2 12.3-35.2 29.2+0.58 23.1-34 28.2+0.78 13.2-32.9 28.6°

Table 2. The antimicrobial activity of antimicrobial agentsagainst clinical isolates of calf diarrhea by micro-broth dilution
assay and E-test. The reported MIC and MBC values have been expressed as the means+SE of MIC or MBC against clinical

isolates.
Zatacin (mg/ml) Co-Trimoxazole(pg/ml) Enrofloxacin(pug/ml) Colistin(pg/ml)
MIC MBC MIC MBC MIC MBC MIC MBC
E. coli 0.60+0.1 1.1£0.05 1.48+1.26 1.48+1.26 1.25+0.45 2.3+0.9 0.85+0.06  0.85+0.06
Salmonella 0.445+0.0 5.2+0.5 4.243.9 8.4+4 0.29+0.05 0.5+0.12 1.2+0.12 1.2+0.12
Campylobacter  0.445+0.0 2.2+0.4 192463 192463 0.88+0.4 1.7+0.9 1+£0.17 1£0.17

results were analyzed by SPSS 17.0 (SPSS
for Windows; SPSS Inc, Chicago, IL) and
expressed as meanstSE (Mahboubi et al.,
2015). The MIC values of enrofloxacin
were determined by micro broth dilution
while the MIC values of colistin and co-tri-
moxazole were determined by disc diffu-
sion method with their E- Strips.

Results

The antibacterial evaluation of Zatacin
(5, 10, 15 and 20 pl/disc) against 36 clinical
isolates of E. coli, Salmonella sp and Cam-
pyvlobacter sp. in comparison with colistin,
co-trimoxazole and enrofloxacin by disc
diffusion method showed that the mea-
sured inhibition zone diameters for higher
concentration of Zatacin against all strains
were larger than the lower concentrations.
On the other hand, the antibacterial activ-
ity of Zatacin increased dose dependently.
The sensitivity of different isolates of E.
coli, Salmonella sp and Campylobacter sp.
to Zatacin was almost the same but higher
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concentrations of Zatacin had larger inhibi-
tion zone diameters against clinical isolates
of Salmonella sp. The inhibition zone diam-
eters of enrofloxacin on clinical isolates of
E. coli, Salmonella sp and Campylobacter
sp. were larger than the inhibition zone di-
ameters of Zatacin even in concentration of
20 upl/disc, while the inhibition zone diam-
eters of co-trimoxazole on clinical isolates
of E. coli and Salmonella sp were equal to
the inhibition zone diameters of Zatacin (15
ul/disc). The inhibition zone diameters of
co-trimoxazole on clinical isolates of Cam-
pylobacter sp were comparable to 10 pl/
disc Zatacin. The inhibition zone diameters
of colistin on 36 clinical isolates of E. coli,
Salmonella sp. and Campylobacter sp. were
comparable to 15 pl per disc Zatacin (Table
1).

Antimicrobial activity evaluation of
Zatacin against the clinical diarrheal bacte-
ria by micro broth dilution assay revealed
that the mean of MIC values for different
clinical isolates of E. coli were higher than
this amount for Salmonella sp. and Campy-
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lobacter sp. The mean of MBC for clinical
isolates of Salmonella sp were two-fold
toward Campylobacter sp (2.15 versus 5.2
mg/ml), while the mean of MBC value for
clinical isolates of E. coli was 1.13 mg/ml.
In other words, with respect to MIC and
MBC values of Zatacin against different
clinical isolates of bacteria, Zatacin had a
higher bactericidal effect against clinical
isolates of E. coli, followed by Salmonella
sp and Campylobacter sp (Table 2).

Discussion

Calf diarrhea is the most important cause
of death in dairy and beef calves. E. coli is
the single most important cause of bacterial
diarrhea in most newborn calves and is trans-
mitted from environment. Sa/monella sp in-
fects the calves at six days of age or older.
Antibiotic treatment of infected calves with
salmonella sp damages the Salmonella or-
ganism and releases a toxin that will poison
the animal, resulting in endotoxic shock.
The administration of electrolyte solutions
and antimicrobial agents plays an important
role in treatment of calf diarrhea. Regard-
less of the appearance of the antimicrobial
resistant bacteria among calves, the use of
some antibiotics has been prohibited in food
producing animals due to the occurrence of
non-dose related anemia and concerns re-
garding the mutagenicity or carcinogenici-
ty of related product in humans (Constable,
2004). The aim of this study was to evaluate
the in vitro efficacy of herbal preparation
with the commercial name of Zatacin (Bar-
1ijEssence Pharmaceutical Co. Kashan, Iran)
against bacterial diarrhea infection. Zatacin
is made from the ethanol extract of Z. mul-
tiflora flowering aerial part. Some studies
have evaluated the antimicrobial effects of
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Z. multiflora ethanol extract against differ-
ent kinds of microorganisms (Owlia et al.,
2006; Fazeli et al., 2007). It has been report-
ed, Z. multiflora aerial parts ethanol extract
(80%) with 21% extract yield exhibited the
antibacterial activity against Bacillus ce-
reus, Staphylococcus aureus, Escherichia
coli, Proteus vulgaris and Shigella flexeneri
with MIC values 0.4% (v/v), while S. typhi
was less sensitive than others with MIC val-
ue 0.8% (Fazeli et al., 2007).

The antimicrobial activity of Z. multiflo-
ra ethanol extract against S. aureus ATCC
25923 was %25 (Owlia et al., 2006). There-
fore, hydro alcoholic extract of Z. multiflora
aerial parts exhibited the antibacterial activ-
ity against Gram positive and Gram nega-
tive bacteria.

Furthermore, Z. multiflora aerial part eth-
anol extract with LD, 3.47 g/kg has shown
the anti-inflammatory effect against acute
and chronic inflammation (Hossein zadeh et
al., 2000).

In this investigation we evaluated the
antibacterial activity of Z. multiflora aerial
part ethanol extract (Zatacin) against clin-
ical isolates of E. coli, Salmonella sp. and
Campylobacter sp from calf diarrheal infec-
tion. In disc diffusion method, the inhibition
zone diameters of Zatacin were lower than
that of enrofloxacin, while Zatacin (20 pl/
disc) had higher inhibition zone diameters
than that of colistin and co-Trimoxazole.
Campylobactersp and Salmonella sp had
higher inhibition zone diameters for Zata-
cin than that of E. coli. Also, in micro broth
dilution assay, with respect to the means of
MIC values, clinical isolates of E. coli had
less sensitivity to Zatacin than Campylo-
bacter sp and Salmonellasp (0.601 versus
0.445 mg/ml), but in evaluating the MBC
values, E. coli exhibited more sensitivity to
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Zatacin than Campylobacter, and Salmonel-
la sp.

Z. multiflora contains alkanes, fatty acids,
phytosterols, hydroxycinnamic acid, fla-
vonoids, tannins, resins and saponins (Sa-
jed et al., 2013). Furthermore, Zatacin has
been standardized by thymol and carvacrol.
Thymol and carvacrol as terpenoid com-
pounds of Z. multiflora essential oil have
high antimicrobial activity (Mahboubi and
Ghazian Bidgoli, 2010). The higher anti-
bacterial activity of thymol than carvacrol
was reported against E. coli (Bassolé et al.,
2010). Thymol disrupts the outer and inner
membranes and interacts with membrane
proteins and intracellular targets (Xu et al.,
2008), periplasmic enzymes (Juven et al.,
1994). The synergistic activity of thymol
and carvacrol has been reported (Zhou et
al., 2007). Therefore, the antimicrobial ac-
tivity of Zatacin against bacterial infections
involved in calf diarrheal diseases may be
related to the components that are found in
Z. multiflora aerial parts ethanol extract and
especially to thymol and carvacrol or syn-
ergistic effects of compounds. Regardless
of its antimicrobial activity, Zatacin may
have antinociceptive (Hosseinzadeh et al.,
2000; Jaffary et al., 2004; Ramezani et al.,
2004), anti-inflammatory (Hosseinzadeh et
al., 2000, Ashtaral Nakhai et al., 2007), and
immune modulating effects (Shokri et al.,
2000).

Conclusion: Therefore, Zatacin may
be used as a natural antibacterial agent in
treatment of calf diarrheal diseases that are
caused by Gram negative bacteria such as
E. coli, Salmonella sp or Campylobacter
sp instead of chemical antibiotics with no
reported side effects for human and calves.
Furthermore, it is essential to demonstrate
its efficacy in farms.
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