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Abstract

Enterotoxaemia (pulpy kidney) is a severe condition that has a very
brief clinical course in small ruminants (young sheep and goats)
and results in unexpected deaths. Therefore, therapeutic
interventions often do not work. It is brought on by the absorption
of the Clostridium perfringens (C. perfringens) type D toxin from
the intestinal tract. This bacterium has five toxinotypes, and type D,
which produces epsilon toxin, is primarily linked to enterotoxaemia
in caprine and ovine species. This study aimed to improve the
efficacy of the immunization by investigating the toxigenicity of C.
perfringens type D and the impact of each element of its production
media on the potency of the epsilon toxin, three types of sugars
(glucose, sucrose and Dextrin) were tested with four types of
proteins (peptone, tryptone, protease peptone and N-Z casein) with
different incubation periods (18, 24 and 48 hours) to improve the
media to reach to maximum toxigenicity. Among all these trials,
sucrose with N-Z casein with 24 hours’ incubation has been
ascended the throne.
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Introduction

C. perfringens is a rod-shaped,
spore-forming, gram-positive bacteria.
Based on the generation of main toxins,
these anaerobic bacteria can be
categorized into five toxinotypes (A, B,
C, D, and E) (Petit et al., 1999).
Numerous  animals, including
sheep, goats, and cattle, have
normal gut flora that contains C.
perfringens type D isolates. (Uzal et

al., 2004). The main predisposing
factor of proliferating large amount
of epsilon protoxins (which is
rapidly activated by digestive
enzymes such as trypsin which
converts the protoxin into active
toxin that cause the disease) is
sudden change of diet (Uzal and
Kelly, 1996).

For sheep and goat the
Enterotoxaemia, overeating or
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pulby kidney disease induced by C.
perfringens type D is very
important economically. and it may
cause sudden death at various ages
(Miyashiro et al., 2007).

Epsilon  toxin  hinders the
function of venial micro-vessel
endothelium;  irreversibly  that
increases the wall permeability
(Adamson et al., 2005).

The toxin accumulates in brain
and renal distal collecting tubes and
causes bulby kidney and deaths
(Chassin et al., 2007).

The same lesions of sheep type D
enterotoxaemia have been observed
in cattle (Fairley, 2005).

To optimize C. perfringens
growth in vitro, cultivate the
bacteria in a medium supplemented
with  0.2% sucrose and 0.2%
vitamin combination. After 8 hours
of incubation, adjust the medium's
pH to 7.5-8.0. This will assist in
lowering the cost of production
(Rai et al., 2013b).

In vitro evaluation of toxin
produced is an important tool for
studying diagnosis, pathogenesis
and vaccine production of C.
perfringens. By analyzing the
toxigenicity of C. perfringens; the
culture media is found a very
effective factor in determination of
this toxigenicity (Miyakawa et al.,
2007).

This work has been done to study
the effect of some factors as (source
of proteins, sugars and different
incubation periods) and interaction
of each other for maximal growth
and stability of epsilon toxin

produced from C. perfringens type
D which is essential in vaccine
potency.

Material and Methods

Ethical approval

This study was approved by the
Agricultural  Research  Center-
Institutional Animal Care and Use
Committee (ARC- IACUC). It was
examined and overseen by the
Ethical Committee of Veterinary
Serum and Vaccine Research
Institute (VSVRI) (protocol number
ARC- VSVRI- 51- 24).

1. Experimental animal

Swiss mice, 18-22 g weight, were
obtained from the Mice Farm,
VSVRI, Abbasia, Cairo and used
for in- vivo testing of Minimum
Lethal Dose (MLD) of the toxin.

2. Strain

C. perfringens type D strain (8346)
was supplied from  National
Collection of Type Culture
(NCTC), London, UK.

3. Toxin production media

3.1. Primary culture media

The principal culture media utilized
for the propagation of the C.
perfringens type D strain was
Cooked Meat media (Oxoid, United
Kingdom).

3.2. Basal Production media
According to (Gadalla et al., 1971)
this medium consists of Peptone 3
%, Sodium chloride 0.5 %, Yeast
0.5%, Beef extract 0.5%, Di-
sodium hydrogen phosphate
anhydrous 0.2% and Dextrin 2%.
They were dissolved in distilled
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water and the pH was adjusted to
7.5.
- Trypsin TPCK treated from
bovine pancreas.
- pH was monitoring during growth
and regulated at 7.5 which used as
previously described (Philippe et
al., 2006). All cultures were grown
under anaerobic conditions in
anaerobic jars containing Gas Packs
(BD Biosciences, USA) at 37 -C
(Mendez et al., 2008).
4. Impact of some factors on
production of C. perfringens type
D Epsilon toxin
4.1. Source of proteins
Peptone 3% was replaced by
Tryptone, Proteose peptone and N-
Z casein with the same percentage.
4.2. Source of Carbohydrates
Dextrin 2% was replaced by
Glucose and sucrose with the same
percentage.
4.2. Tracing the
incubation time
Incubation time of 18, 24 and 48
hrs. at 37°C had been done.
5. Toxin assays
After an hour from putting trypsin,
1 ml of filtered supernatants from
several C. perfringens type D
cultures were sampled and assayed
for Minimum Lethal Dose (MLD)
according to (Fu et al., 2004).
6. Statistical analysis:

Data obtained in this study were
analyzed using statistical difference
by analysis of variance (ANOVA)
test using Statistix software
(version 9). Differences were
considered significant at P<0.05.

effect of

Result

As illustrated in Table (1) Glucose
with Proteose peptone in 24 and 48
hrs. gave the highest MLD
(21000.67 and 21000, respectively)
compared with those with other
proteins and there was a significant
difference (p<0.05) when using
glucose with different proteins, the
high yield of epsilon toxin was
achieved when using glucose with
proteose  peptone  (21000.67+
1.53MLD) after 24 hrs. incubation
at 37-C.

As illustrated in Table (2) Sucrose
with N-Z casein in 24 and 48 hrs.
gave the highest MLD (29000 and
26000, respectively) compared with
those with other proteins and casein
gave highest yield of epsilon toxin
(29000 MLD) with sucrose when
incubated 24 hrs. at 37-C.

As illustrated in Table (3) Dextrin
with Proteose peptone in 24 and 48
hrs. gave the highest MLD
compared with those with other
proteins. Also, there was a
significant difference when using
dextrin with different proteins, as it
was found that using dextrin with
proteose peptone and incubating it
for 24 hrs. gave high epsilon toxin
production (26000.67£1.53MLD).
The organism's toxigenicity was
assessed following the cultures' 18—
24, and 48-hour incubation periods
at 37°C. The findings indicated a
significant difference (P< 0.05)
between results of 18 and 24 hrs.
incubation times and there is no
difference between results of 24 and
48 hrs. incubation times. From
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these results it was found that the sucrose and dextrin) with different
best incubation time of epsilon types of proteins (peptone, tryptone,
toxin production is 24 hrs. Also, proteose peptone and N-Z casein)
through the previous results, it was interchangeably. It was found that
found that there is significant using sucrose with N-Z casein gave
difference (P < 0.05) when using the highest epsilon toxin yield
different types of sugars (glucose, production.

Table 1: Mean value of Minimum Lethal Dose (MLD) of modified media
using Tryptone, Proteose peptone and N-Z casein compared with Peptone
using Glucose as source of carbohydrates in different incubation periods.

Glucose
Source of Incubation period
proteins 18 hours 24 hours 48 hours
Peptone 19 + 172 20 + 1A 20+17/Ba
Tryptone 20 + 178 20.33+ 1,532 | 20.33+1.53"%
Proteose peptone 20 + 178 21.67+ 1,53 21+172
N-Z casein 15z 18P 18+ 152 18152

Means + SD in the same row and carrying different superscript are
significantly different at (P < 0.05)
(Means= x 1000)

Table 2: Mean value of MLD of modified media using Tryptone, Proteose
peptone and N-Z casein compared with Peptone using Sucrose as source of
carbohydrate in different incubation periods.

Sucrose
Source of Incubation period
proteins 18 hours 24 hours 48 hours
Peptone 20+1¢2 20+1¢@ 18+150
Tryptone 20+1¢2 20+1¢2 18+15P
Proteose 264282 264282 2433 + 1,53/
peptone
N-Z casein 29+178 20+1%2 26 + 1P

Means + SD in the same row and carrying different superscript are
significant different at (P < 0.05) (Means= x 1000)
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Table 3: Mean value of MLD of modified media using Tryptone, Proteose
peptone and N-Z casein compared with Peptone using Dextrin as source of
carbohydrate in different incubation periods.

Dextrin

Source of Incubation period
proteins 18 hours 24 hours 48 hours
Peptone 19.67+0.5852 18.33+1.53“ 17.33+1.53“

Tryptone 21+1B2 224282 18+1¢P
Proteose | g 641 534a 26.67+1.53% 25+14a
peptone

N-Z casein 254174 254142 22.33+1.535P

Means + SD in the same row and carrying different superscript are

significant different at (P < 0.05)
(Means= x 1000)

Discussion

One of the bacterial infections
that affect small ruminants that is
economically significant is
enterotoxaemia, which is caused by
C. perfringens type D. Enterotoxin

(ETX), a powerful and deadly
neurotoxin that damages
endothelium cells and induces
edema, is generated by C.

perfringens type D (Adamson et al.,
2005). The main cause of type D
enterotoxaemia is this toxin. Large
volumes of ETX are produced by
the overgrowth of C. perfringens D
in the intestines of susceptible
animals. ETX is absorbed via the
intestinal mucosa, resulting in
edema and neurological dysfunction
(Songer, 1996).

Optimization of the in vitro
growth of C. perfringens type D
under  various  physical and
chemical conditions was attempted
in an effort to lower the cost of
large-scale enterotoxaemia vaccine

production and increase the
antigenic mass in bacterial culture
(Rai et al., 2013Db). In this work, the
effect of some factors as (source of
proteins, sugars and different
incubation periods) and interaction
of each other for maximal growth
and stability of epsilon toxin
produced from C. perfringens type
D was studied to improve the
vaccine potency

Through the obtained results it
was found that Proteose peptone
and N-Z casein gave much better
Minimal Lethal Dose (MLD) than
peptone and tryptone and these
results agreed with (El-Helw et al.,
2017) who showed that using of
proteose peptone as a source of
amino acids in production medium
of C. perfringens type A alpha toxin
gave high yield of toxin. While the
obtained results disagreed with
(Demain et al., 2007) that reported
that using tryptone not only
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supported growth but also provided
higher toxin titer.

Additionally, this data
demonstrated that sucrose
outperformed the other sugars
evaluated and this agreed with (Rai
et al., 2013b) who mentioned that
Growing C. perfringens in a
production medium enriched with
sucrose will maximize its in vitro
growth. the results shown in
previous tables also come in
agreement with the results of
(Pivnick et al., 1964) who
conducted three trials using sucrose
at pH 7.5 and obtained milliliter-
level yields of epsilon toxin ranging
from 40,000 to 120,000 MLD
which means that Sucrose is better
than other sugars in C. perfringens
type D toxin production, but
disagreed with (Maaroufi et al.,
2000) who had suggested that
Dextrin improved the rate of
biosynthesis of the epsilon toxin by
10 times.

The yield of toxin was less
with glucose than dextrin (Nishida
etal., 1962).

By using different incubation
periods for toxin production (18, 24
and 48hrs) it was found in this work
that 24hr incubation time was the
best time for yield of epsilon toxin
which was better than 18 hr. and
similar to 48hr. So, it is better to
keep culture only 24 hr.; as leaving
it for 48 hrs with the same MLD
will be time consuming and this
come parallel to (Rai et al., 2013a)
who had reported that vyield of
epsilon toxin of C. perfringens type

D was achieved after 24hrs

incubation.

Conclusion

According to the obtained
results, it could be concluded that
the ideal production medium to be
used to improve the yield of epsilon
toxin of C. perfringens type D for
vaccine manufacturing was one that
had sucrose as a source of
carbohydrates and N-Z casein as a
source of protein. After a 24-hour
incubation period, this combination
reached maximal toxigenicity and
increased the yield of C.
perfringens type D epsilon toxin.
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