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ABSTRACT
To investigate if Aluminium-Magnesium Silicate
(AMS) could make drugs regain effects against
resistant pathogens, its effect was tested on sulphadimidine against sulphadimidine-resistant
Escherichia coli. Two groups of chicks infected
with sulphadimidine-resistant E. coli were treated at sulphadimidine dose rate of 1 g/litre of
drinking water, with sulphadimidine and with an
AMS-sulphadimidine drug formulation, respectively. Two other groups were similarly treated at
sulphadimidine dose rate of 0.75 g/litre, while
the fifth group served as control. Mean titres of
the bacterium in bile of the chicks were compared. Titres, 119,200 ± 55,800 CFU/mL of the
group treated with sulphadimidine at rate of 1 g/
litre and 14,800 ± 1700 CFU/mL of the group
treated at rate of 0.75 g/litre, did not vary from
33,200 ± 5200 CFU/mL of the control (P > 0.05)
but 295,200 ± 106,400 CFU/ml of the group
treated at rate of 1 g/litre, with the AMS-sulphadimidine drug was significantly (P < 0.05) higher
than that of the control while 5200 ± 1400
CFU/mL of the group treated at dose of 0.75 g/litre, with the AMS-sulphadimidine drug, reduced
significantly (P < 0.05).
Keywords: Resistant Pathogens; Escherichia coli;
Sulphadimidine; Aluminium-Magnesium Silicate;
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1. INTRODUCTION
Development of resistance against drugs by disease
causing microrganisms has become a major concern both
in veterinary medicine and in humanbeings [1]. Bacteria
are among the pattogens that often develope resistance
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against drugs and among bacteria, Escherichia coli is
often involved in drug resistance [2].
Most cases of E. coli infections of humanbeings are
contracted from foods of animal origin [3,4]. Though E.
coli is part of normal flora of gastrointestinal tract of
animals and humanbeings [3], under adverse conditions,
some strains become pathogenic [4,5]. Ewers et al. [2]
had reported that over 80% cases of cystitis in humanbeings are due to E. coli.
In poultry, infection by pathogenic E. coli is of great
significance, world wide. It is responsible for a number
of conditions in poultry [6]. The most common conditions associated with avian collibacillosis include, septicemia, peritonitis and salpingitis in breeders. In comercial broilers, collibacillosis is often associated with airsacculitis, septicemia and cellulitis [7]. Because collibacillosis is a zoonosis, avian collibacillosis is of economic
importance, because, it leads to condemnation of chicken
at meat inspection.This is in addition to increased mortality and decreased performance of poultry [8].
The practice of adding antimicrobials in feeds of animals, as growth promoters, leads to development of resistance by avian E. coli. These drug resistant infections
often find their way into the human food chain [9], thus
increasing public health importance of avian collibacillosis.
Sulphadimidine and the other sulphonamides were the
first chemotherapeutic agents employed for systemic
treatment and for prevention of bacterial infections in
humans and animals [10]. Sulphonamides have wide range of antimicrobial activity against gram-positive bacteria, gram-negative bacteria and protozoans. However,
strains of bacteria resistant to the sulphonamides have
become common, thus diminishing usefulness of this
class of antibacterial agents [11].
Each molecule of Aluminium-Magnesium Silicate
(AMS) is composed of submicroscopic platelets, 1 nm
thick [12]. So, AMS is made of nanoparticles [13]. Faces
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of the platelets possess negative electrical charges, while
the edges have the positive charges [12]. So, when in
solution, AMS hydrates to form three dimentional colloidal structures which stabilize any drug AMS is in
combination with [14]. For this reason, it has been in use
as stabilizing agent for drugs used in treatment of animals and humanbeings for many decades [15]. To stabilize drugs means to make the drugs retain their chemical
nature [16]. Also, it has been reported that AMS is a zeolite and that zeolites have ability to absorb water and
drugs without change in their crystal structures. This
leads to prolonged bioavailability of the drugs [17].
When high concentrations of drugs remain in blood of
treated animals for a long time or when bioavailability of
drugs is prolonged, their actions improve [18].
A synthetic AMS has been used to improve ability of
Chloroquine phosphate to reduce Plasmodium berghei
parsitaemia [19], ability of Ampicillin trihydrate to improve clearance of Salmonella gallinarium [20], ability
of sulphadimidine to reduce coccidia oocysts per gramme of faeces of infected chicks [21] and ability of piperazine citrate to reduce eggs of Helignosomoides bakeri
in faeces of infected mice [22].
It was therefore, thought usefull to use the synthetic
AMS to retain high concentration of sulphadimidine in
blood of treated chicks. This may make sulphadimidine
regain its antibacterial effect against the resistant E. coli.
When AMS was used to stabilize Ampicillin trihydrate
to test its effect on ability of the antibiotic to inhibit
Salmonrlla gallinarum, it had no significant effect on the
bacterium in the in vitro studies. But in vivo, it was able
to increase ability of Ampicillin to clear S. gallinarium
infection from 81% to 98% [20]. It was concluded that
AMS improves actions of drugs in vivo but has no effect
in vitro [20]. This improved effects of drugs is a result of
ability of the AMS to reduce rate of metabolic degradation of the drugs in blood of treated animals which prolongs bioavailability of the drug [17,18]. AMS does not
increase potency of drugs in vitro [20]. Any test of ability
of AMS to improve actions of drugs against resistant pathogens should therefore be by in vivo studies with live
animals [20].

2. MATERIALS AND METHODS
Twentyfive cockerel chicks were infected with a sulphadimidine-resistant E. coli isolate. Each chick was
given (per os) 0.1 mL of a sample of the bacterium that
had bacterial titre of 15,000,000/mL [5].
Six days post infection, the chicks were randomly divided into five groups.Two groups were treated at sulphadimidine dose rate of 1 g/litre with a 100% sulphadimidine powder and with a drug formulation of 20% sul
phadimidine in AMS, respectively. Two other groups
were also treated with the 100% sulphadimidine and with
the AMS-sulphadimidine drug formulation at sulphadiCopyright © 2012 SciRes.

midne dose rate of 0.75 g/litre. The fifth group served as
untreated control.
After 5 days of treatment, the chicks were sacrificed.
Muscles and organs of each chick were exposed and observed for gross lessions. Also 0.1 mL of bile of each
chick was collected to determine titre of the E. coli in
bile of the chicks. To the 0.1 mL of bile, 0.9 mL of normal saline was added to get a 1:10 dilution. Then 0.1 ml
of the 1:10 bile dilution was transfered to 0.9 mL of
normal saline so that a 1:100 dilution of each bile sample
was made. Then 0.05 mL of each diluted bile was plated
on Mcconkey agar and incubated at 37˚C for 24 hours.
Colonies of E. coli in the culture were identified by their
cultural characteristics, cultural morphology, staining
characteristics and microscopic morphology. The E. coli
colonies (X) were then counted under the microscope. E.
coli colonies per mL of bile of each chick was calculated
as titre of the bacterium in the bile by the formular:
Bacterial titre  Colony forming units per mL of bile 


X
 10, 000 CUF mL.
5

Means of the E. coli colony forming units in bile of
the four groups of infected chicks, treated with sulphadimidine and with same sulphadimidine stabilized in
the synthetic AMS and that of the control group were
compared for statistical differences by Analysis of Variance.

3. RESULTS
Clinical signs seen in chicks infected with resistant E.
coli included mild diarrhea and huddling together. There
was no mortality even in the untreated group and no
gross lesion was observed in the E. coli infected chicks.
Mean bacterial titre of the untreated chicks was 33,200
± 5200 CFU/mL, while mean bacterial titres for the
treated groups were 119,200 × ±55,800 CFU/mL,
295,200 ± 106,400 CFU/mL, 14,800 × ±1700 CFU/mL,
and 5200 ± 1400 CFU/mL for the groups treated with 1
g/litre (sulphadimidine), 1 g/litre (sulphadimidine in
AMS), 0.75 g/litre (sulphadimidine) and 0.75 g/litre (sulphadimidine in AMS), respectively.
There was no significant difference (P > 0.05) between
33,200 ± 5200 CFU/mL of the control and 119,200 ±
55,800 CFU/mL of the group treated at sulphadimidine
rate of 1 g/litre and 14,800 ± 1700 CFU/mL of the group
treated at sulphadimidine rate of 0.75 g/litre. Bacterial
titre, 5200 ± 1400 CFU/mL of the group treated at sulphadimidine rate of 0.75 g/litre with the AMS-sulphadimidine drug, was significantly (P < 0.05), less than
the 33,200 ± 5200 CFU/mL of the control group while
295,200 ± 106,400 CFU/mL of the group treated at sulphadimidine rate of 1 g/litre with the AMS-sulphadimidine drug was significantly (P < 0.05) higher than that
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of the control.
Bacterial titres of the sulphadimidine-resistant E. coli
in bile of infected chicks, treated with sulphadimidine
stabilized in Aluminium-Magnesium Silicate are as on
Table 1.

4. DISCUSSION
That treatment with sulphadimidine had no significant
effect on the bacterial titre in bile of treated chicks both
at dose rate of 1 g/litre and at 0.75 g/litre confirms that
the E. coli isolate used for the experimental infection was
resistant to sulphadimidine.
Stabilizing sulphadimidine in Aluminium-Magnesium
Silicate caused bacterial multiplication in chicks treated
at dose rate of 1 g/litre but at dose rate of 0.75 g/litre, it
produced significant reduction in the bacterial titre.
Drugs have both the desired effects and side effects.
Sulphadimidine has been reported to cause immunosuppresion in young chicks at high doses [11]. It appears that
at the higher dose, AMS potentiation of sulphadimidine
made its side effect more prominent than whatever antibacterial effect it had on the resistant E. coli, while at the
lower dose, it potentiated the antibacterial effect more
than the side effect.
Immunosupression, as a side effect of sulphadimidine,
occures at high doses of the drug (22). So, stabilizing
sulphadimidine with the AMS may have increased the
drug’s effect so much that 1 g/litre became overdose thus
increasing immune suppression.Since the E. coli was resistant to sulphadimidine, suppressing immune response of the chicks meant the infection was free, both from
the chicks’ immune responses and from antibacterial effects of the drug, hence the bacterial multiplication that
occured.
Reduction of the bacterial titre from 33,200 CFU/mL
to 14,800 CFU/mL when the resistant infection was
treated with sulphadimidine alone at reduced dose rate of
0.75 g/litre suports the suggestion that the flareup noticed
when the infection was treated with the AMS-stabilized
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sulphadimidine at the higher dose was due to side effect
of the drug, because sulphadimidine-induced immune
suppression occures only at high doses of the drug [23].
Nanoparticles enhance delivery of chemotherapeutics to
desired targets [13]. So, a combination of prolonged bioavailability of sulphadimidine, enhanced delivery of the
drug to targets by the AMS (nanoparticles) and reduction
in immune supressive side effect of sulphadimidine by
reducing the dose, may be responsible for the antibacterial effect of sulphadimidine against the E. coli isolate
which was resistant to it
Bacterial titre of 5200 ± 1400 CFU/mL recorded in the
group of chicks treated with the AMS-sulphadimidine
drug, at dose rate of 0.75 g/litre was significantly less
than the mean titre of the untreated group of chicks. This
suggests that the AMS potentiated only antibacterial action of sulphadimidine at the lower dose rate. So, the
drug became effective even against the isolate that was
resistant to it.
Reduction of titre of the resistant E. coli from 33,200 ±
5400 in the control, to 5200 ± 1400 CFU/mL in the
group treated with the AMS-stabilized sulphadimidine at
dose rate of 0.75 g/litre is 84% bacterial clearance.
Treatment of Salmonella gallinarum-infected chicks
with 10 mg/kg Ampicillin which is recomended dose of
the drug achieved 81% bacterial clearance [20]. Ezeibe et
al. [22] have also reported that when mice infected with
Helignosomoides bakeri were treated with piperazine at
the recomended dose of 110 mg/kg, the helminth Eggs
Per Gram (EPG) of faeces reduced by 83%. If these recomended doses of drugs achieve these levels of reduction of infections and they are accepted as effective
treatments, it means that the 84% reduction in infection
of the resistant E. coli is also an effective treatment of the
infection. So, AMS may have made sulphadimidine regain its antibacterial effect against the resistant E. coli
infection.
In addition to the therapeutic effect achieved with this
lower dose of sulphadimidine, it is also of economic sig-

Table 1. Titre of sulphadimidine-resistant Escherichia coli in bile of infected chicks treated with sulphadimidine stabilized with
Aluminium-Magnesium Silicate.
Chick

E. coli Colony Forming Units Per mL of Bile (CFU/mL)
1 g/litre
Sulph

0. 75 g/litre

Control

Sulph-AMS

Sulph

Sulph-AMS

1

72,000

56,000

12,000

8000

40,000

2

340,000

604,000

18,000

2000

42,000

3

32,000

400,000

20,000

6000

12,000

4

72,000

360,000

12,000

8000

36,000

5

80,000

Mean

119,200 ± 55,800

560,000
ac
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295,200 ± 106,00

12,000
c

14,800 ± 1740

2000
a

5200 ± 1400

36,000
b

33,200 ± 5400a
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nificance as reduction in amount of active drugs needed
for teatments would lead to reduction in costs of treatments. There is also a public health benefit to be derived
from use of lower doses of drugs to achieve effective
treatment of infections in food animals because, it will
lead to reduction in amount of drug recidues in tissues of
treated animals. Reduction in amount of drug recidues in
tissues of food animals will reduce incidence of development of drug resistance by pathogens in humanbeings
who eat meat, eggs and milk of the animals.
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