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ABSTRACT

Background: Caseous Lymphadenitis (CLA) is an important bacterial disease in goats,

¢ caused by Corynebacterium pseudotuberculosis. The disease is highly prevalent worldwide

Received: 12 Nov 2021 i and causes significant economic losses to the cattle industry. Currently, the treatment of this

Accepted: 01 Dec 2021 disease with antibiotics remains largely unsuccessful due to the nature of the bacteria and the
i resultant resistance to the drugs.
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Methods: Thirty apparently healthy female BALB/c mice, aged 5-6 weeks old were used to
assess the efficacy of oxytetracycline loaded in calcium carbonate nanoparticle (OTC-CS-
CaCO3NP) and toxicity of calcium carbonate nanoparticle (CS-CaCO3NP). The mice were
randomly divided into five groups of six each and were exposed to the following treatments:
Group 1: received sterile distilled water; Group 2: received 0.2 ml C. pseudotuberculosis;
Group 3: received 0.2 ml C. pseudotuberculosis and 10mg/kg OTC; Group 4: was given 0.2
ml C. pseudotuberculosis and 10mg/kg OTC-CS-CaCO,NP; and Group 5: was administered
20mg/kg CS-CaCO,NP.

Results: The clinical signs of infection with C. pseudotuberculosis in the mice were
significantly reduced after treatment with OTC-CS-CaCO,NP. The haematology results
showed an insignificant reduction in the mean RBC count, Hb and haematocrit levels in Group
2 (infected controls) compared to the mice treated with oxytetracycline loaded nanoparticles.
The biochemical analyses revealed no significant changes among the treatment groups. No
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Introduction

aseous Lymphadenitis (CLA) is one of

the leading causes of economic loss in

small cattle husbandry globally [1, 2]. In

Malaysia, the disease is commonly seen

in goats with a prevalence of 25% and in

75% of farms in Selangor area alone [3].
Upon introduction into a herd, CLA is difficult to eradi-
cate because C. pseudotuberculosis responds poorly to
antibiotic treatments. Typically, treatment in this disease
requires long-term administration of antibiotics, which
is frowned at in breeding animals for foods due to the
potential impact on the human health [1]. Other options
available for their treatment involve surgical excision
of the caseous lesions plus the superficial lymph nodes,
and flushing them with potentiated iodine solution [4].
The lancing further spreads C. pseudotuberculosis into
the environment placing other uninfected animals at
risk whereas applying potentiated iodine solution to the
lesion is associated with histotoxicity and wound heal-
ing delay [4, 5]. The spread of C. pseudotuberculosis
within the animal’s body is facilitated by Phospholipase
D (PLD) exotoxin and mycolic acid, which prevent the
bacterial destruction by phagocytes and allow them to
remain hidden in macrophages [6].

Attempt by the body to prevent the further spread of
C. pseudotuberculosis; however, results in the formation
of encapsulated caseous lesions, making the treatment
difficult to administer [7]. Therefore, the need for de-
veloping alternative treatment methods is logical in the
management of this disease [7]. Previous studies have
reported the efficacy of gold or silver nanoparticles as a
possible treatment option against C. pseudotuberculosis
[5, 7, 8]. The application of nanoparticles to treat resis-
tant infections is loading antibiotics unto nanoparticles
for drug delivery is a new development in the field of
nanomedicine [9, 10]. Several studies have shown that
calcium carbonate nanoparticles (CS-CaCO,NP) offer
many advantages in the delivery of antibiotics over oth-
er inorganic nanocarriers [11]. The advantages include
synthesis of CS-CaCO,NP from inexpensive and read-
ily available raw materials, and the ability to preserve
the loaded drug’s physicochemical characteristics in
nanoparticles [11, 12].

The delivery of antibiotics, such as ciprofloxacin,
vancomycin, gentamycin and tetracycline for targeted
delivery against Salmonella spp, Staphylococcus au-
reus, Bacillus subtillis and Shigella flexineri, using CS-
CaCO,NP has yielded promising results compared to the
free, i.e., unloaded forms of the drugs [12-15]. Also, CS-
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CaCO,NP can be made functional to improve the cel-
lular uptake, and sustained drug release [16-18]. Lastly,
CS-CaCO,NP compounds are considered biocompat-
ible and non-toxic [16, 17, 19]. Previous Studies have
investigated the OTC encapsulation in nanoparticles [20,
21]. However, oxytetracycline loaded calcium carbon-
ate aragonite nanoparticle (OTC-CS-CaCO,NP) against
C. pseudotuberculosis remains largely unexplored in
developing an effective treatment against CLA in small
ruminant animals.

Aim of the study: This study aimed to investigate the
potential of OTC-CS-CaCO,NP as a nano-antibiotic for-
mulation toward developing effective treatment against
CLA infection in mice.

Materials and Methods

Synthesis & characterization: The synthesis and
characterization of the two compounds (CS-CaCO,NP
and OTC-CS-CaCO,NP) and the in vitro release of OTC
from CS-CaCO,NP were achieved as described in our
previous article [22].

Animal inoculation: The C. pseudotuberculosis used
in this study was collected from the blood agar plates
that had been identified and confirmed in advance. The
bacteria were then sub-cultured into another blood agar
plate at 370C for 24 hours. The colonies from these
plates were further cultured in Brain Heart Infusion
(BHI) medium maintained at 37.0°C for 24 hours. The
inoculum concentration was adjusted, using sterile saline
solution (PBS 0.15M, pH 7.4) to 1x10*> CFU/mL (Mac-
Farland’s technique [23]). Each mouse received 0.2mL
of the bacterial inoculum based on the method reported
by a previous study [24].

Study design: Thirty 5-6 weeks old apparently healthy
female BALB/c mice were used in this study. Adaptation
of the mice was done for 1-week and they were provided
with clean water and Gold coin mouse pellets diet (Gold
coin feed mills, SDN BHD, Malaysia) ad libitum. The
mice were randomly divided into five groups of six each.
Group 1 represented the negative control and dosed with
0.2mL sterile distilled water. Group 2 were inoculated
with 0.2mL of C. pseudotuberculosis suspension (posi-
tive controls). Groups 3 and 4 were inoculated with
0.2mL of C. pseudotuberculosis suspension Intraperito-
neally (IP). These mice were treated with free OTC at
10mg/kg and OTC-CS-CaCO,NP at 10mg/kg IP, respec-
tively, 30 minutes post infection. Group 5 was adminis-
tered with only CS-CaCO,NP at 20mg/kg, IP.
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Clinical observations: The body weights of the mice
were taken weekly, and the associated clinical signs
were recorded. The clinical signs observed were scored,
using the method described by a previous study [24].
The scoring for the clinical signs was from zero to three
in mice, where 0=Normal; 1=Mild manifestation of
clinical signs rated as 30%; 2=Moderate clinical manifes-
tation, 60%; 3=Severe, clinical signs greater than 60%,
based on the established signs for caseous lymphadenitis
reported earlier in mice [25, 26]

Blood & tissue sample collection: After the 21-day
experiment, the mice were anesthetized with ketamine
or xylazine, and blood samples collected through car-
diac puncture. The blood samples were kept in plain and
EDTA-contained test tubes for further serum biochemis-
try and haematological analyses, respectively. The mice
were then dissected and the organs of interest harvested,
such as liver, lungs and lymph nodes. These organs were
fixed in 10% neutral buffered formalin for 48 hours be-
fore the subsequent histopathological examinations.

Haematological and serum biochemistry: The hae-
matological analyses for total Red Blood Cell count
(RBC), Packed Cell Volume (PCV), total White Blood
Cell count (WBC) and differential cells, platelet count
and erythrocyte indices (MCV & MCHC) were done,
using automatic cell counter (Horiba Medical Vet. ABC
Plus blood analyser, Scil Vet. ABC, USA). The determi-
nations of serum biochemical parameters, such as Al-
kaline Phosphatase (ALP), Aspartate aminotransferase
(AST), Alanine transaminase (ALT), urea and creati-
nine were performed, using an automated biochemical
analyser (Dimension® EXL™ 200 integrated system,
Siemens, Germany).

Antibacterial Efficacy of OTC-CS-CaCO,NP and
OTC: The therapeutic efficacy of OTC-CS-CaCO,NP
and OTC compared to untreated controls was evaluated
in lymph-node, liver, and spleen of BALB/c mice infect-
ed with C. pseudotuberculosis as described earlier [27].
The harvested organs were weighed and kept in sterile
50mL test tubes, homogenized in 0.9% sterile saline so-
lution, and centrifuged at 10,000 rpm for 10 minutes.
200uL of the homogenate was placed in sterile 96-well
plates and serially diluted in Brain Heart Infusion (BHI)
broth up to a maximum of 10° dilutions. A 0.1mL ali-
quot of the dilution was placed on BHI agar plates and
incubated for 48hr at 37°C. The Colony Forming Units
(CFU) per gram of organ was determined for the lymph
node, liver and spleen samples.

April 2022, Volume 16, Number 2

Histopathological alterations: The liver, kidneys,
lymph nodes and spleen samples were fixed in buffered
formalin for 48 hours in preparation for the histopatho-
logical examinations. The fixed tissue samples were
processed, using standard protocols and embedded in
paraffin wax dishes. About 5 micron-thick sections were
made for each tissue sample and placed on microscope
slides, dried overnight on a hotplate and stained sub-
sequently with Haematoxylin and Eosin (H&E). The
slides were examined under a light microscope (Leica
DM4M, NY USA), with Moticam Pro 282A 5.0MP
(Motic images Software Plus 2.0 TWAIN, Hong Kong)
at a magnification of 100 x.

Statistical analyses: All of the data were expressed as
the mean+tSD. The weight, haematological and serum
biochemical data were analyzed, using repeated mea-
sures and one-way Analysis of Variance (ANOVA),
respectively. The clinical signs and histopathological
scores were analyzed by Kruskal Wallis test. A P<0.05
was considered as statistically significant. All of the sta-
tistical analyses were performed, using GraphPad Prism
software, version 8.

Results

Clinical signs: Table 1 shows the mean scores of
clinical signs observed during the experiments. Move-
ment in the animal groups of G2, G3 and G4 was sig-
nificantly slower (P<0.0001) than those in G1 and G5
groups. However, the animals’ movement in G2 group
was slower than that observed in G3 (P=0.0473) and
G4 (P=0.0001) groups. There were no significant differ-
ences in the animal movement noted between G3 and
G4 groups (P>0.05). Also, there were no significant dif-
ferences in the ruffled fur test observed in G2 compared
to the G3 (P>0.05). However, a significant increase was
detected in the ruffled fur test observed in G2 group
compared that of the G4 group. As expected, G1 and G5
groups had no positive ruffled fur test.

Racing over hurdles together was observed in the mice
in groups G2, G3 and G4, respectively. However, the
hurdling in G2 was significantly higher (P<0.0001)
compared to that observed in mice in G4 group. Al-
though, there were no significant differences recorded in
hurdling between G2 and G3 groups (P>0.05). Further,
the mice in G2, G3 and G4 groups were significantly
depressed and duller compared to those in G1 and G5
groups (P<0.0001). Also, there were no significant dif-
ferences in the observed dullness and depression be-
tween G2 and G3 groups (P>0.05). However, the dull-
ness and depressive behavior were significantly higher
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in G4 group than that noted in G2 and G3 groups. How-
ever, the common clinical signs, such as diarrhoea, ocu-
lar discharge and the mortality due to C. pseudotubercu-
losis infection were not observed throughout the 21-day
experimentation.

Mice’s body weights: There was no difference among
the body weights of the mice at the first week, except
for those in G4 group which was decreased (P=0.0221)
compared to those in G1 group. By the second week of
the study, there was a weight loss noted in the mice of G2
group (P=0.0058) compared to those in G1 group. How-
ever, the mice in all other groups were not significantly dif-
ferent in their body weight (P>0.05). Furthermore, at the
third week, there were additional weight losses recorded
in G2, G3 and G4 groups (P=0.0001, 0.0001 and 0.1013,
respectively) compared to those in G1 group. However,
mice in G4 group still exhibited higher body weights
(P>0.05) compared to those in G2 and G3 groups. By the
third week, the body weights of mice in group G5 had
increased significantly (P=0.0067) compared to those in
G2 and G3 groups. There was no significant difference
between the body weights of mice in groups G4 and G5
at the end of the third week (Figure 1).

Hematologic results: The erythrogram and platelet
counts of the mice infected with C. pseudotuberculosis
and treated with OTC-CS-CaCO,NP are shown in Table
2. The results revealed that the means for RBC, Hb, PCV,
MCV and MCHC values were not significantly differ-
ent in all mice groups (P>0.05). Although the means for
RBC, Hb and PCV in group G4 was numerically higher
than those in G2 and G3 groups, the mice in G5 group
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had higher means for RBC count and PCV as compared
to those in G1 group.

Leucocyte differential counts following inoculation
& treatment: There was a significant increase (P<0.05)
in the means for total WBC, lymphocyte, neutrophil, eo-
sinophil, and monocyte counts in G2 group compared to
those in other groups. However, the results of the leuco-
cyte counts showed no statistical differences among the
mice in G1, G2, G3 and G4 groups (Table 3).

Biochemical profiles following inoculation &
treatment: The results revealed that the biochemi-
cal profiles of the mice were not significantly differ-
ent based on the inoculation of C. pseudotuberculosis
and treatments with OTC, OTC-CS-CaCO,NP and
CS-CaCO,NP (P>0.05), except the urea, for which G4
group was significantly lower than those in other groups
(P=0.0116; Table 4).

Antibacterial efficacy of OTC-CS-CaCO,NP
and OTC: The efficacy of treatment with OTC-CS-
CaCO,NP in lymph nodes, liver and spleen samples of
the infected mice with C. pseudotuberculosis compared
to OTC and untreated infected controls are shown in Fig-
ure 2. The results demonstrated a log reduction of 0.8 in
the lymph nodes, 0.9 in the liver and 1.0 in the spleens
samples of the mice treated in G4 group compared to
those in G2 group. Further, in G3 mice, there was a log
reduction of 0.4, 0.6 and 0.4 in the lymph nodes, liver and
spleens, respectively. Mice in group G4 had significantly
lower bacterial loads in their organs compared to those
in G2 group (**P=0.0009, *P=0.0153 and **P=0.0049).

o - B2 m Gl
- G2
- G3
. G4
= GS
WK 2 WK3

Figure 1. Body weights of BALB/c mice from weeks 1-3 of treatment

At week 3, G4 had a higher body weight in comparison to G2 and G3 (The value represent Mean+SD (=3); *, ** signify statistical sig-
nificance at P<0.05). (G1=Negative control, G2=0.2mL C. pseudotuberculosis, G3=0.2mL CP+OTC 10mg/kg, G3=0.2mL CP+OTC- CS-

CaCO,NP 10mg/ kg, G5=CS-CaCO,NP 20mg/kg).
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Figure 2. Efficacy of OTC-CS-CaCO,NP and OTC treatment in lymph node, liver and spleen of C. pseudotuberculosis-infected

BALB/c mice compared to the untreated control

Histopathological evaluation of mice following inoc-
ulation & treatment: The microscopic examinations of
the liver samples for G2 group revealed moderate to fre-
quent numbers of inflammatory cells, and congestion of
portal vein and sinusoids (Figure 3B). The liver samples
from mice in group G3 exhibited moderate number of
inflammatory cells with dilated and congested sinusoids
(Figure 3C). The mice in G4 group showed improved
hepatic cellular architecture compared to those in G3
group with mild dilation and congestion of sinusoids
(Figure 3D). The cellular architecture of the lungs was
maintained at normal level in the G1, G4 and G5 groups
(Figures 4A, 4D & 4E). The mice in G2 group exhibited
alveolar vessels congestion similar to those found in G3
mice (Figures 4B & 4C).

The histopathological evaluations of the mesenteric
lymph nodes revealed areas of necrosis and pericapsular
fibrosis in group G2 mice (Figure 5B). Pericapsular fi-
brosis were also observed in the lymph node of the mice
in G3 group (Figure 5C). However, the lymph nodes ar-

chitecture in G1, G4 and G5 groups was maintained at
normal level (Figures 5A, 5D & 5E).

Discussion

In the present study, an animal model was used to
assess the efficacy and toxicity of OTC and OTC-CS-
CaCO,NP against C. pseudotuberculosis infection. The
BALB/c mice have been reported to be the most suscepti-
ble mouse strain to infection with C. pseudotuberculosis
[28]. Also, the intraperitoneal route produced the clinical
signs of the disease in this animal strain [25, 26]. The
Clinical signs, weight loss and histopathology are used
as the major markers to evaluate the disease severity and
the progression in these animals [29, 30].

The mice in groups G2 and G3 showed significant dif-
ferences in the clinical signs of abnormal movement,
ruffled fur, hurdling together, depression and dullness
after the 21-day experimental treatments post inocula-
tion compared to those in G4 group. Our results agree
with those of earlier researchers [25, 31] who also found

Table 1. Mean score of clinical signs observed in BALB/c mice for 21 days post inoculation with C. pseudotuberculosis

MeanzSD
Clinical Sign
G1 G2 G3 G4 G5
Movement 0.0040.00 3.0040.00° 2.00+0.00° 0.86£0.20° 0.00+0.00
Ruffled fur 0.00£0.00 2.5740.12° 1.43+0.11° 0.6740.11° 0.00£0.00
Hurdling together 0.00£0.00 2.5240.20° 1.43+0.12° 0.5240.11° 0.00£0.00
Depression & Dull- 0.0040.00 2.571£0.12° 2.00+0.00° 0.33+0.11¢ 0.00£0.00

ness

(G1: Negative control; G2: 0.2mL C. pseudotuberculosis; G3: 0.2mL CP+OTC 10mg/kg; G3: 0.2mL CP+OTC- CS-CaCO,NP 10mg/kg;
G5: CS-CaCO,NP 20mg/kg). Rows with different superscript a, b and c are significantly different (P<0.05).
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Figure 3. Photomicrographs of section of liver from C. pseudotuberculosis inoculated BALB/c mice treated with OTC-CS-

CaCO3NP

(a) G1 showing normal architecture of the hepatocytes (green arrow), (b) G2 showing congested and dilated sinusoids (blue arrow),
congested portal vein (red arrow) and inflammatory cells (yellow arrow), (c) G3 showing congested and dilated sinusoids (blue ar-
row), congested portal vein (red arrow) and inflammatory cells (yellow arrow), (d) G4 showing mild congestion of portal vein (red
arrow) and dilated sinusoids (blue arrow), and (e) G5 showing normal hepatic architecture. H & E, Scale bar 100 pm.

(G1: Negative control; G2: 0.2mL C. pseudotuberculosis; G3: 0.2mL CP+OTC 10mg/kg; G3: 0.2mL CP+OTC- CS-CaCO3 NP 10mg/

kg; G5: CS-CaCO3 NP 20mg/kg).

significant clinical signs following the intra peritoneal
inoculation of whole C. pseudotuberculosis bacteria in
experimental animals. Although one study [31] has re-
ported other clinical signs, such as diarrhoea and eye
discharges, which were not observed in our study. These
might be due to differences in the volume and dilution of
the inoculum used. The increased severity of the clinical

signs in group G2 could be attributed to thriving bacte-
rial colonization in the body and spreading through the
lymphatic tracts to the rest of the animals’ body [29]. The
decline in the clinical signs and severity in both G3 and
G4 groups may also be due to the antibacterial effect of
OTC against the bacteria. Moreover, the decreased se-
verity in the clinical signs noted in group G4 compared to

Banke Idris S. et al. Efficacy and Toxicity of Oxytetracycline-loaded Nanoparticles. IJT. 2022; 16(2):99-112
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Table 2. Haematological parameters of BALB/c Mice 21 days post inoculation with C. pseudotuberculosis and the treatment

MeantSD
Parameter
Gl G2 G3 G4 G5

RBC (x 10%%/L) 8.36+1.450 7.55+1.340 7.62+0.380 8.24+0.19 8.50%0.25
Hb (g/L) 142.33+10.88 126.80+9.49 127.30+7.06 133.30+1.88 141.3045.12

PCV (L/L) 0.37+0.03 0.33+0.02 0.34+0.02 0.38+0.004 0.38+0.01
Platelets (x10°/L) 651.50+158.6 640.80+39.19 778.30+59.52 924.30+103.6 570.80+197.4

MCV (FI) 44.00+2.08 44.0+1.29 44.80+0.95 46.50+0.65 45.00+2.08

MCHC (g/L) 387.80+14.83 383.80+9.64 372.0016.67 349.00+4.11 369.0+4.80

(G1: Negative control, G2: 0.2mL C. pseudotuberculosis, G3: 0.2mL CP+OTC 10mg/ kg, G3: 0.2mL CP+OTC-CS-CaCO,NP 10mg/ kg, G5:

CS-CaCO,NP 20mg/ kg)

Table 3. Leucocyte differential counts of BALB/c Mice 21 days post inoculation with C. pseudotuberculosis and the treatment

MeanzSD
Parameter
Gl G2 G3 G4 G5

Total WBC x 10°/L 3.65+0.31° 7.03+1.78° 4.88+0.54° 3.85+0.17° 2.9+0.73*
Lymphocyte x 10°/L 2.60+0.280° 4.60+0.91° 3.84+0.470° 2.8340.109° 2.24+0.510°
Neutrophil x 10°/L 0.69+0.066* 1.62+0.681° 0.75+0.019* 0.67+0.061° 0.39+0.131*
Eosinophil x 10°/L 0.11+0.014* 0.21+0.106° 0.14+0.045* 0.11+0.046* 0.09+0.038*

Basophil 0.00+0.000 0.00+0.000 0.00+0.000 0.00+0.000 0.00+0.000
Monocyte x 10°/L 0.21+0.008° 0.52+0.235° 0.26+0.012° 0.20+0.013° 0.16+0.048°

(G1: Negative control; G2: 0.2mL C. pseudotuberculosis; G3: 0.2mL CP+OTC 10mg/kg; G3: 0.2mL CP+OTC- CS-CaCO,NP 10mg/kg;
G5: CS-CaCO,NP 20mg/kg). Rows with different superscript a, b are significantly different (P<0.05).

Table 4. Biochemical parameters of BALB/c mice 21 days post inoculation with C. pseudotuberculosis and the treatment

MeanSD
Parameters
G1 G2 G3 G4 G5
ALP (U/L) 155.80+17.72 173.20+£63.36 227.50+9.29 247.50%9.22 152.50+53.88
AST (U/L) 312.50+59.4 308.50+40.54 233.30+22.84 246.80%56.21 207.50+35.82
ALT (U/L) 41.30+5.06 52.80+8.99 45.80+6.33 35.80+2.87 42.0+4.39
Creatinine (umol/L) 26.50+0.65 28.80+0.48 28.50+1.55 28.50+1.55 28.00+0.71
Urea (mmol/L) 9.90+0.28° 10.93+0.59° 11.10+1.06° 7.400.52° 9.20+0.67°
Albumin (g/L) 28.80+0.60 31.13+0.54 30.73+0.33 29.90+0.29 31.50+1.81
Globulin (g/L) 21.70+0.37 23.20+1.77 24.20+0.49 22.20+0.56 18.70+3.38

(G1: Negative control; G2: 0.2mL Corynebacterium pseudotuberculosis; G3: 0.2mL CP+OTC 10mg/kg; G3: 0.2mL CP+OTC- CS-CaCO3NP
10mg/kg; G5: CS-CaCO3NP 20mg/kg). Rows with different superscript a, b are significantly different (P<0.05).

Banke Idris S, et al. Efficacy and Toxicity of Oxytetracycline-loaded Nanoparticles. IJT. 2022; 16(2):99-112



http://ijt.arakmu.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en

April 2022, Volume 16, Number 2

—

| m— |
““;;“ Iranian Journal of Toxicology
ARAK UNIVERSITY OF MEDICAL SCIENCES

Figure 4. Photomicrographs of section of lung from C. pseudotuberculosis inoculated BALB/c mice treated with OTC-CS-

CaCO3NP

(a) G1 showing normal lung architecture; (b) G2 showing congestion (yellow arrow); (c) G3 showing congested blood vessel lumen
(yellow); (d) G4 showing normal lung tissue; (e) G5 showing normal lung morphology. H & E, Scale bar 100 pm.

those in G3 represents the sustained release of OTC from
CS-CaCO,NP, hence the pronounced antibacterial effect
evident in G4 group. Another study [15] compared free
tetracyclines and tetracycline-loaded calcium phosphate
nanoparticles against Shigella flexneri 2a in similar mice
groups. The authors reported a significant reduction in
the clinical signs of the animals infected with Shigella.

Changes in body weight are used to express the entire
loss in the body on in vivo experiments versus the exper-
imentally produced diseases [26]. A 10% body weight
loss serves as a humane outcome for C. pseudotubercu-
losis studies in mice [26]. As observed in this study, the
mice in group G2 lost significant weight due to infection
with C. pseudotuberculosis. This may be attributed to re-
duction in appetite secondary to the infection. Another
study [31] has reported that lack of appetite was also
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Figure 5. Photomicrographs of section of lymph node from C. pseudotuberculosis inoculated BALB/c mice treated with OTC-CS-

CaCO3NP

(a) G1: showing normal lymph node architecture (b) G2: showing necrosis (yellow arrow) and pericapsular fibrosis (red arrow) (c) G3:
showing pericapsular fibrosis (red arrow) (d) G4: showing normal lymph node (e) G5: showing normal lymph node morphology. H

& E: Scale bar 100 um.

(G1: Negative control; G2: 0.2mL C. pseudotuberculosis; G3: 0.2mL CP+OTC 10mg/kg; G3: 0.2mL CP+OTC-CS-CaCO3 NP 10mg/kg;

G5: C5-CaCO3 NP 20mg/ kg).

seen in animals treated with whole C. pseudotuberculo-
sis bacteria. Furthermore, weight loss is associated with
under-nourishment in mice exposed to bacterial infec-
tions that lead to sepsis [32]. The same reason could
account for the body weight loss seen in group G3 up
to the third week of the study. In contrast, in G4 group,
the increase in body weight might have occurred due to

changes in the mice’s appetite that were affected less by
the infection. The increase in the body weight of mice in
G5 group might be due to the non-toxic calcium carbon-
ate in the nanoparticle [33], hence the recorded increases
in the body weights in that study.
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In this study, the infected mice with C. pseudotuber-
culosis did not die possibly because of the bacterial
stabilization. Further, pathogenic intracellular bacteria,
such as C. pseudotuberculosis, alter the host immune
defence against establishing an infection [23]. Hence
the reason why the disease persists for a long time in
the infected animals [34]. Bacterial stabilization or adap-
tive resistance by facultative intracellular bacteria, such
as Corynebacterium and Mycobacteria is an important
phenomenon used to study the course of infections with
pathogens. The bacteria, C. pseudotuberculosis, has
been studied in CBA mice for up to two months [23].
The disease persists long in the mice due to adaptive re-
sistance induced by CD4 T-helper cells and cytokines to
induce the bactericidal effects of macrophages [23]. The
BALB/c mice have functional CD4 T-cells which are im-
portant in maintaining C. pseudotuberculosis infection,
which is why the mice did not die in the current study.

The RBC, Hb, and PCV values did not differ from
the normal levels reported by another study conducted
in BALB/c mice [7]. The erythrocyte evaluation in the
present study showed a reduction in the means of RBC,
Hb and PCV in groups G2 and G3 compared to those
in other groups. This could be attributed to the effect of
C. pseudotuberculosis infection as described an earlier
study [31]. The reduced platelet count found in group
G2 compared to those in G3 and G4 groups might be due
to hypersplenism and sequestration of platelets in the
spleen as observed in the gross pathology of the spleens
in group G2. The higher platelet values seen in the G4
group may be attributed to recovery from CLA. This is
because in diseases associated with septicaemia, one of
the first sign of patient recovery is improvement in the
platelets count [35]. The findings of the present study
also agree with those reported by earlier research [36].
In that study, inoculation of mice with mildly virulent
strain of C. pseudotuberculosis did not cause significant
changes in the RBC, Hb, and PCV levels in C3H/Hel
mice. The erythrocytes’ counts from this study showed
that there were minimal changes in the blood profile as
there were no statistical significances in the erythrocyte
indices (MCV & MCHC), suggesting that the mild anae-
mia noted in groups G2 and G3 was due to normocytic
normochromic anaemia.

The values for the means of WBC counts have been re-
ported to be within the normal range for female BALB/c
mice as described by earlier studies [7, 37]. The reported
findings are consistent with our results documented for
G1, G4 and G5 groups. Further in our study, the differ-
ential leucocyte counts for all groups indicated that the
lymphocytes consisted approximately 80% of the total
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white blood cell counts whereas the neutrophils were
about 20%. These results agree with those reported by a
study [38] that reported their mice generally had higher
ratios of lymphocytes (70%-80%) to neutrophils (20%-
30%). Interestingly, the WBC and neutrophils in the G2
group were higher, suggesting an ongoing infection due
to C. pseudotuberculosis. The high WBC and neutrophil
counts were also reported in BALB/c mice infected with
C. pseudotuberculosis whole bacterium and PLD toxin
in a previous study [31]. The treatment administered to
mice in G3 and G4 groups was possibly able to control
the infection induced by C. pseudotuberculosis, hence
the reason for the lower neutrophils and WBC counts.

The analysis of the blood chemistry is an important di-
agnostic measure which reflects the physiological health
in an animal [38]. In the present study, the liver biochem-
ical status was evaluated by assaying the AST, ASP and
ALT levels whereas the kidneys biochemical status was
evaluated the creatine and urea levels. There were no sig-
nificant differences across the groups for their AST, ASP
and ALT. Although, there were slight variations within
the groups, this was not enough to categorically diagnose
liver pathology. Moreover, the AST and ALP values may
have arisen from other sources like muscle stress during
injection of bacterial inoculum and the treatments, hence
the need to determine liver injury with ALT specific to
the liver [39]. The ALT levels were higher in groups G2
and G3 than in G4 group. This is in line with the results
reported by a previous study [31]. Increases in ALT is
an indication of bacterial invasion to the liver in G2 and
G3 groups. The slight reduction of ALT in G4 group is
suggestive of improved antibacterial activity of OTC-
CS-CaCO,NP over free OTC. The reduced ALT levels
in G5 group indicates that CS-CaCO,NP did not induce
hepatocellular damage in the mice, consistent with the
results of previous studies [17, 19].

The concentrations of urea in the present study in G1,
G4 and G5 groups were found to be within the normal
range (6.99 mm/L to 9.99 mm/L) consistent with the re-
port of an earlier study [40]. Though both G2 and G3
groups experienced dehydration, the slight elevation in
urea concentration in G3 compared to G2 may be due to
a combination of dehydration and the OTC induced oxi-
dative stress [41]. In group G4, the urea level was signifi-
cantly reduced which may probably be due to the most
prominent advantage of loading antibiotic into nanopar-
ticle. This preparation increases the intra cellular drug
concentration and reduces the drug toxicity, as opposed
to that reported for the free antibiotic [42]. The normal
urea and creatine levels in the G4 group suggest the effi-
cacy and nephroprotective effect of OTC-CS-CaCO,NP.
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The plasma urea levels in G5 group agree with the re-
sults of a former study [17] where it was within the range
recorded for the controls, without significant histological
changes observed in the kidneys.

An insignificant effect that was found for the creatinine
concentrations in all of the animal groups where the val-
ues fell to within the normal range in the mice (28.17-
48.62 umol/L) [43]. Also, there were no significant dif-
ferences in the albumin and globulin concentrations of
the mice, which disagree with the findings of a former
study [31]. The differences may have arisen from the dif-
ferent degree and extent of liver damages in both studies.

The infection dose used in the efficacy study, based on
a former work [23], showed that C. pseudotuberculosis
could be repeatedly recovered from the lymph nodes, liver
and spleen of the infected mice. The significant reduction
in C. pseudotuberculosis counts in the G4 group com-
pared to that of G2 group may be due to the gradual and
sustained release of OTC-CS-CaCO,NP in the mice over
time, increased OTC plasma concentration, prolonged
half-life (5.67hr), and increased mean residues of OTC-
CS-CaCO,NP. The lower reduction in G3 group implies
that there was less concentration of free OTC in their cir-
culation. Loading antibiotics to nanoparticles have been
reported by other studies to enhance their efficacy [26, 42].

The striking histological findings in mice infected with
C. pseudotuberculosis were septicaemia, congestion, in-
filtration of inflammatory cells, necrosis and distortion of
tissue architecture. The histological changes in the liver,
lungs and lymph nodes, as noted in G2 and G3 groups,
were characteristic of C. pseudotuberculosis infection
[44]. Other pathological signs were the accumulation of
inflammatory cells in the alveolar spaces of the lung and
liver surfaces, respectively, and congestion [25, 31]. In
the lymph nodes, the pericapsular fibrosis, necrosis and
enlargement of the splenic noodle present in the G2 and
G3 groups could be attributed to the intracellular effects
of C. pseudotuberculosis. Upon entry into the blood
stream, the lymph nodes and spleen filter the bacteria,
which can persist within macrophages [44]. The macro-
phages cannot destroy the bacteria; thus, the body prevent
further spread of infection by developing pyogranuloma
[44]. The reduced severity or absence of lesions in the
G4 group compared to those in G3 group indicates that
OTC-CS-CaCO,NP is effective against C. pseudotuber-
culosis. The in vivo antimicrobial mechanism of OTC-
CS-CaCO,NP may be suggested as encapsulating OTC
into CS-CaCO,NP thus enhancing the entry of OTC into
C. pseudotuberculosis via destruction of cell envelope as
reported in our previous publication [45].
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The administration of 20mg/kg of CS-CaCO,NP to
the mice did not induce any toxici changes hematologi-
cally, biochemically and/or histopathologically. These
agree with the findings reported by two previous stud-
ies [17, 19]. Following the intra peritoneal injection of
CS-CaCO,NP, it is absorbed into the blood as ionized
calcium and the remaining parts bind to other biochemi-
cal matrices that are excreted in faeces and urine [17].
Generally, CaCO,NP has a wide safety margin and is
considered biocompatible [19].

Conclusions

This study demonstrated the potential of CS-CaCO,NP
for delivering therapeutic concentrations of OTC against
intracellular bacteria, such as C. pseudotuberculosis
with no detectable evidence of toxicity. The OTC-CS-
CaCO,NP showed better antibacterial activity than the
free form of OTC in BALB/c mice, infected with C.
pseudotuberculosis. This effect was demonstrated by the
significant reduction of C. pseudotuberculosis counts in
the lymph nodes, liver and spleen of BALB/c mice had
been treated with OTC-CS-CaCO,NP. Our findings pro-
vided the experimental evidence that CS-CaCO,NP did
not induce toxic haematological, biochemical and/or his-
topathological changes in BALB/c mice. Finally, OTC-
CS-CaCO,NP has a considerable potential to be used as
an antibacterial agent against C. pseudotuberculosis in
BALB/c mice.

Limitations of the study: The limitation of this study
was the inability to further evaluate the efficacy of OTC-
CS-CaCO,NP against C. pseudotuberculosis infection in
goats.

Recommendations for future research: It is recom-
mended to follow the course of caseous lymphadenitis
and OTC-CS-CaCO,NP treatment in BALB/c mice by
tagging OTC-CS-CaCO,NP with a chemical agent/dye
that is detected, using in vivo imaging systems which
enables the monitoring of disease progression and treat-
ment. Also, it would be informative to determine the mo-
lecular mechanisms of actions of OTC-CS-CaCO,NP in
vitro and in vivo.

Ethical Considerations

The study complied with the rules and regulations of
Institutional Animal Care and Use Committee (IACUC)
in University Putra Malaysia where the study was con-
ducted (Registration #: UPM/IACUC/AUP/R050/2018).
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