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Abstract
Background Brucellosis is a common disease between humans and livestock, and treatment and relapse
of this disease is one of the major challenges. The aim of this study was to evaluate the therapeutic
effect of doxycycline-loaded solid lipid nanoparticles (DOX-SLN) on acute and chronic brucellosis and its
effect on serum level of 25-OH-Vitamin D, C-reactive protein (CRP) and biochemical parameters.

Methods Double emulsion method was used for synthesis of nanoparticles. Serum levels of vitamin D,
CRP, total protein, albumin and globulin were measured in rats with brucellosis. The therapeutic effect of
DOX-SLN was compared with that of free doxycycline.

Results The mean size, Zeta potential, PDI, drug loading and encapsulation e�ciency of the synthesized
nanoparticles were 299±34 nm, -28.7±3.2 mV, 0.29±0.027, 11.2±1.3%, and 94.9±3.2%, respectively. Serum
vitamin D levels in rats with chronic brucellosis decreased compared to healthy rats. CRP increased in the
acute and chronic stages of brucellosis. Serum levels of total protein and albumin were similar in both
stages of the disease but serum globulin levels was increased.

Conclusion According to the results, serum level of vitamin D was increased in rats after treatment with
DOX-SLN. The use of DOX-SLN as an alternative drug for the treatment of chronic brucellosis is
recommended.

Background
Brucella is a facultative intracellular coccobacilli, spore-free, capsule-free and nonmotile gram-negative
bacillus of various types and, at least, four of them are pathogenic in humans, including Brucella
melitensis, Brucella abortus, Brucella suis and Brucella canis [1].

Because of the high ability of Brucella bacteria to survive and hide within cells after treatment, relapse of
brucellosis will occur after a few months due to a weakened immune system [2]. Most relapse occur
within the �rst six months after treatment with clinical �ndings milder than the initial course of the
disease, although some patients, in particular, show mild clinical relapse [2]. It should be noted that the
mechanism of host immune response to brucellosis may be varied, depending on the host and strains of
Brucella. The goal of any treatment for brucellosis in humans is to �ght the symptoms, reduce the
complications and ultimately prevent its relapse. Since, it is di�cult to completely eradicate the
microorganism, antibiotic compounds are prescribed to produce a long-term synergistic effect [3,4].

Low stability in the intracellular environment or degradation by lysosomal enzymes results in the
ine�ciency of antibiotics administered against intracellular microorganisms. However, the wide
distribution of these drugs does not reach the organism fully and its presence in non-infectious tissues
apart from their intrinsic toxicity may lead to adverse effects [5].
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Despite the emergence of a signi�cant number of new antibiotics, the treatment of intracellular
pathogens still represents a challenge in pharmacy [6]. Nowadays, with the preparation of
pharmaceutical nanoparticles, unique properties can be achieved that will increase the performance and
variety of its drug forms. Accurate formulation of nanoparticles results in their higher stability and can
increase the rate of dissolution and reaches biological levels, which will accelerate their therapeutic effect
and improve their bioavailability [7,8].

At this time, the need to develop drug delivery systems that can overcome these problems seems very
urgent. These carrier systems should be non-toxic, capable of accepting su�cient amounts of drug, and
in addition capable of targeting and controlling drug release [9]. Solid lipid nanoparticles as a carrier
system have been investigated for many applications. Many drugs have been successfully incorporated
into the SLN with a variety of uses. These drug delivery systems controls the release of drugs and
increase the chemical stability of drugs[10,11].

Regardless of the role of vitamin D in calcium homeostasis, it has an essential role in the innate and
acquired immune system. This effect is exerted by vitamin D receptors on many immune cells [12,13].
This vitamin has the role of regulating the level of immunity and serum levels of this micronutrient affect
the susceptibility and outcome of many infections. There is ample laboratory evidence of a correlation
between serum vitamin D levels and the risk of infectious diseases. Vitamin D has been shown to
increase phagocytosis of macrophages and increase the production of cathelicidin antimicrobial peptide
and accelerate killing of intracellular bacteria. On the other hand, the INF1-dependent antimicrobial
pathway in human macrophages is associated with appropriate serum levels of vitamin D [14,15].

Due to the fact that brucellosis affects the vital organs of the body, including the liver, spleen, joints, etc.,
their function is impaired and increases or decreases various enzymes and proteins in the body[16]. In
some studies, using electrophoresis of proteins in the serum, serum levels of proteins change during
infectious diseases that are associated with long-term in�ammation. C-reactive proteins are acute phase
reactants. In 99% of healthy adults, the concentration of CRP in the serum is less than 1 mg/L. The rapid
increase in CRP is observed in most infectious diseases[17].

The aim of this study was to evaluate the therapeutic effect of doxycycline-loaded solid lipid
nanoparticles (SLN) on acute and chronic brucellosis and its effect on serum levels of vitamin D, CRP and
proteins in in vivo condition.

Methods
Infection of rats and treatment with drugs and nanoparticles

The nanoparticles used in this study are SLNs loaded with doxycycline (DOX-SLN) which was previousely
synthesized by Double Emulsion Method [18]. Size, zeta potential and PDI of nanoparticles were
determined. Drug loading and encapsulation were evaluated by HPLC. Drug release and drug stability, up
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to 1 year after synthesis, were evaluated. FTIR, DSC and FESEM microscopy methods were used to
con�rm the chemical and physical properties of the synthesized nanoparticle [18].

Male Wistar rats with an age ranged from 6 to 8 weeks and 250(±30) g weight were purchased from the
breeding center of the animal facility of Hamadan University of medical sciences.

Rats were infected by intraperitoneal injection of 1.5 × 106 CFUs of B. melitensis. After 10 days of
infection (acute stage of infection) and 5 weeks of infection (chronic stage of infection), the rats were
divided into 4 groups [19]. For performing the acute stage; the rats were infected ten days, one group of
rats was kept untreated as positive controls and the other two groups (�ve rats per group) were treated
with three different doses of (1) free doxycycline (2.5 mg/kg), (2) DOX-SLN (2.5 mg/kg) at days 11, 13
and 15 post infection and healthy rat [20].

For performing chronic stage; the rats were infected for 5 weeks, no treatment was conducted on one
group and the rats in this group were regarded as positive controls, while the other two groups (ten rats
per group) were treated with ten doses of (1) free doxycycline (2.5 mg/kg), (2) DOX-SLN (2.5 mg/kg) for
10 days (once daily) and healthy rat [20].

After the second day of the last dose, rats were anesthetized and blood samples were taken from 10 cc
syringes. CBC and serum and plasma samples were prepared for subsequent tests.

Ethics statement

All experiments involving animals were performed according to the guidelines for maintenance,
surveillance and usage of laboratory animals published by the National Institute of Health United State
(NIH publication No.85-23, revised 1985). Moreover, the study was approved by the ethics committee of
the Hamadan University of Medical Sciences (No: IRUMSHA. REC. 1395066). In order to be adopted to the
new environment, all rats were transported to the laboratory one week before the beginning of
examinations. All operations able to induce anxious and pain in rats were performed in another room
separated from where rats were kept. Rats were anesthetized using a mixture of ketamine (100mg/kg)
and xylazine (10mg/kg), then, the liver and spleen tissues and whole blood sample were taken from
them. At the end of the study, rats were sacri�ced with a specialized rodent guillotine and animal
carcasses were disposed in a lime pit.

Serum level of vitamin D

25-OH-Vitamin D Elisa kit (PGI-IRAN) was used to determine serum level of vitamin D, the procedure was
performed according to the kit protocol [21].

Serum CRP level

NycoCard (Norway) kits were used to determine the CRP levels in rats of different study groups.
Immunochemical assay was used for the quantitative determination of CRP in serum of different rats
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[22].   

Serum levels of total protein, albumin, and globulin

After serum isolation from blood samples, the levels of total protein, albumin and globulin were
determined using the audit kit (Ireland) and automatic analyzer (Hitachi 911, Japan) with photometry
method [7].

Statistical analysis

The mean ± standard deviations of serum level of vitamin D, CRP, total protein, albumin and globulin in
acute and chronic stage of brucellosis were determined. The analysis of variance (ANOVA) and Duncan’s
multiple range test were used to compare the positive control group with experimental groups. Pearson’s
correlation analysis was used to obtain the relationships between the parameters examined in the
groups. The con�dence level was regarded as 95% and P<0.05 which was considered statistically
signi�cant.

Results

DOX-SLN characteristics
The mean size, Zeta potential, PDI, drug loading and encapsulation e�ciency of the synthesized
nanoparticles are as 299±34 nm, –28.7±3.2 mV, 0.29±0.027, 11.2±1.3%, and 94.9±3.2%, respectively.

Serum vitamin D levels
Serum vitamin D levels in the control group were signi�cantly lower than the control group (P <0.05), but
this difference was not statistically signi�cant (P> 0.05). At this stage, treatment with rats using free
doxycycline and DOX-SLN did not increase their vitamin D levels and did not reach negative control
levels. At the chronic stage of disease, the decrease in serum vitamin D level in the positive control group
was statistically signi�cant compared to the negative control group. (P = 0.04). There was no signi�cant
difference in the doxycycline and DOX-SLN treated rats (Figure 1, Table 1, 2).

Serum CRP level
CRP was increased in both acute and chronic stages in the positive control group. (P = 0.001). Treatment
of rats using free doxycycline and DOX-SLN in both acute and chronic stages reduced CRP compared to
the positive control group, although this decrease was not statistically signi�cant. In the DOX-SLN
recipient group, CRP levels were lower in the chronic stage of brucellosis than in the free doxycycline
recipient group (Figure 2). Since healthy rats had a CRP of less than 3, there was a signi�cant difference
between the serum CRP level and rats with brucellosis (P = 0.000).



Page 6/15

Serum level of total protein, Alb and globulin
Serum total protein level in the positive control group rats was not signi�cantly different from that in the
negative control group (p> 0.05). In the acute phase of the disease, total protein increased 0.5 g/dl in the
positive control group compared to the negative control group. In the rats treated with free doxycycline
and DOX-SLN, there was no difference in serum total protein level (Figure. 3). No difference in the serum
albumin levels was observed in the acute and chronic groups (Fig. 4). Serum globulin level in the positive
control group rats was equal to 1.1 g/dl compared to the negative control group rats (p = 0.001). In the
acute phase of brucellosis, the serum globulin level of DOX-SLN-treated rats was lower than the positive
control group, but there was no difference in the serum levels of globulin with the free doxycycline-treated
rats. In the chronic phase of the disease, elevated serum globulin levels were also observed in untreated
(positive control) rats compared to the negative control rats (Figure. 5).

Discussion
Chronic infections such as brucellosis impose a heavy economic burden on the society [23]. Intracellular
bacteria are protected from antibodies, complement and some antibiotics when they are inside the cells,
as well as new physicochemical conditions within the cells induce strategic (structural and metabolic)
changes in the bacteria that cause resistance to antibiotics [24]. Antibiotic activity may change due to the
acidic conditions of the phagosomes as well as the lack of antibiotics access to the organelles within the
cells, so the �nal antibiotic exposure to the pathogens may not occur. For this reason, the need for
antibiotic-containing nanoparticles that can be modi�ed under these conditions and remain for a longer
time and slowly and continuously targeting the target organ and microorganism of drug delivery [25,26].
The aim of this study was to evaluate the therapeutic effect of DOX-SLN on acute and chronic brucellosis
and to determine the effect of nanoparticle on serum levels of vitamin D, CRP, total protein, albumin and
globulin in healthy and brucellosis rats treated with free doxycycline and DOX-SLN.

In the present study, serum levels of vitamin D in the acute phase were reduced in the positive control
(untreated rats) compared to the negative control (healthy rats). Kurtaran and colleagues investigated the
association between serum level of vitamin D and brucellosis [27]. Their results showed that in patients
with brucellosis, the serum level of vitamin D was 23.3 ng/ml, which was 6.9 ng/ml on average lower
than healthy subjects. They concluded that brucellosis causes a decrease in the serum level of vitamin D.

Gharebaghi   et al. compared serum levels of vitamin D in patients with tuberculosis (caused by
Mycobacterium tuberculosis, an intracellular bacterium) compared to healthy controls [28]. Their results
showed that the serum level of vitamin D in the patient group was 15.07 ng/dL signi�cantly lower than
the serum level of vitamin D in the control group (healthy subjects) with 16.88 ng/dL, which is consistent
with our study. Also, Ataei et al. examined the serum levels of vitamin D in people with hepatitis C [29].
Their results showed that in healthy subjects the serum level of vitamin D was 29.6 ng/dl and in patients
was 26.23 ng/dL which is similar to the results of this study.
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Based on the current knowledge of vitamin D metabolism, there are many reasons for the very high
prevalence of vitamin D de�ciency in patients with chronic liver disease and cirrhosis. One of the causes
of vitamin D de�ciency in chronic hepatic patients is hepatic hydroxylation and extra hepatic increase in
vitamin D uptake. It is clear that many patients with chronic liver disease and cirrhosis have inadequate
levels of serum vitamin D [30].

In the present study, elevated serum levels of vitamin D were observed after treatment with DOX-SLN in
the chronic stage of the disease. This provides a good therapeutic effect of DOX-SLN compared to free
doxycycline. Since nanoparticles consistently release the drug in the bacterial site, and as liver tissue
improves after treatment with DOX-SLN, vitamin D levels increase in the serum of rats.

In the present study, serum CRP levels were increased in both acute and chronic stages in the positive
control group compared with the negative control group. Navarro and his colleagues measured the CRP
levels before and after brucellosis treatment [31]. Their �ndings showed that CRP measurement is a very
good indicator for the diagnosis of brucellosis, as the changes in CRP before and after treatment were
quite signi�cant, which is consistent with our study. Demirdag et al., examined the serum levels of acute
phase proteins and cytokines in patients with brucellosis [32]. Their �ndings showed that in patients with
acute brucellosis, the serum level was 52.5 CRP, which decreased to 11 mg/L after treatment. Their
�ndings showed a correlation between serum levels of INF–1 and TNF-α with serum levels of CRP. CRP is
a speci�c type of protein produced in the liver that occurs during the course of acute in�ammation of
infections.

Evaluation of serum protein levels in rats with brucellosis showed that serum total protein level in the
positive control group rats was not different from the negative control in the chronic phase of Brucellosis.
No signi�cant difference was observed in serum levels of albumin in different treatment groups in acute
and chronic stages. But the serum level of globulin was increased in the diseased rats. Całkosiński, and
his colleagues conducted a study on Pleurisy, an in�ammatory disease [33]. The results of serum levels
of proteins in the acute phase of the disease and at speci�c intervals showed that serum albumin levels
decreased during the course of the disease, while serum levels of globulin increased. As well as total
serum protein levels were constant, this �nding is consistent with our results. According to the results of
this study, vitamin D decreased in brucellosis patients and increased CRP and globulin. DOX-SLN has an
acceptable therapeutic effect as an alternative to the brucellosis treatment compared to free doxycycline,
increasing serum levels of vitamin D and lowering CRP and globulin in the chronic phase of the disease.
Therefore, application and use of nanoparticles can lead to better treatment and decrease the relapse of
brucellosis.

Abbreviation
CRP: C-reactive protein; SLN: Solid Lipid Nanoparticles; DOX-SLN: Doxycycline-loaded Solid Lipid
Nanoparticles; PDI: Polydispersity index; FTIR: Fourier-transform infrared spectroscopy; DSC: Differential
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scanning calorimetry; NPs: Nanoparticles; FE-SEM: Field emission scanning electronic microscope; HPLC:
high-performance liquid chromatography.
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Tables
Table 1: Comparison of vitamin D, total protein, albumin, globulin and CRP between

different groups of rat in acute brucellosis

up/parameter Vitamin D
 (ng/mL)

Total protein
(g/dL)

Albumin
(g/dL)

Globulin
(g/dL)

CRP
(mg/L)

tive control 25.6 ± 2.2 7 ± 0.1 2.9 ± 0.1* 2.5 ±
0.07**

15.3 ±
1.2**

e doxycycline 26.7 ± 3.1 6.7 ± 0.1 3 ± 0.08 2.4 ± 0.1* 13.7 ±
0.9**

X-SLN 27.5 ± 1.2 6.5 ± 0.09 2.9 ± 0.1 2 ± 0.1* 13.9 ±
1.13**

ative control 30.2 ± 3.0 6.5 ± 0.2 3.5 ± 0.09 1.4 ± 0.09 0.00
ults are represented as mean ± SD

< 0.05 and ** p < 0.001, significantly compared to the negative control

 

Table 2: Comparison of vitamin D, total protein, albumin, globulin and CRP between
different groups of rat in chronic brucellosis
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oup/parameter Vitamin D 
(ng/mL)

Total protein
(g/dL)

Albumin
(g/dL)

Globulin
(g/dL)

CRP
(mg/L)

sitive control 18.1 ± 1.9* 6.6 ± 0.2 3.0± 0.09 2.4 ± 0.1** 10.1 ±
0.9**

e doxycycline 20.4 ± 2.9 6.5 ± 0.1 3.1 ± 0.1 2.1 ± 0.09* 9.2 ±
1.1**

X-SLN 22.1 ± 0.9 6.4 ± 0.2 3..3 ± 0.3 1.8 ± 0.2* 4.1 ±
1.6**

gative control 29.6 ± 2.1 6.5 ± 0.09 3.4± 0.2 1.5± 0.1 0.00
sults are represented as mean ± SD
< 0.05 and ** p < 0.001, significantly compared to the negative control

Figures

Figure 1

Serum level of Vitamin D in the acute and chronic stage of brucellosis
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Figure 2

Serum level of CRP in the acute and chronic stage of brucellosis
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Figure 3

Serum level of total protein in the acute and chronic stage of brucellosis

Figure 4

Serum level of Albumin in the acute and chronic stage of brucellosis
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Figure 5

Serum level of Globulin in the acute and chronic stage of brucellosis


