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The development of nanomaterials has increased 
dramatically during the past decade[1]. However, 
currently only very few studies focus on the 
disposition of nanomaterials in vivo as well as 
the time taken to completely eliminate them in 
the organisms[2,3]. Researchers intended to study 
nanomaterial biocompatibility need to understand 
what happens to these after administered to living 
organisms. Predicting disposition of a nanomaterial 
is very important in the process of developing new 
nanomaterials for theranostic use in human beings[4]. 
All preclinical studies on nanomaterials should require 
a pharmacokinetic study in order to predict and 
understand the disposition once the nanomaterial enters 
the organism, when it is finally completely eliminated, 
and how safe its use is overall. The fate and disposition 

of any nanomaterial should be based on its properties, 
site of administration, formulation, and dosage[5]. For 
this reason, it is necessary to explore biocompatibility, 
tolerance and characterize the pharmacokinetic profile 
of each synthetized nanomaterial.

An important parameter to consider in pharmacokinetic 
studies is the estimated mean time a drug resides in the 
body within specific tissues; the mean residence time 
(MRT) can help assess the extent of its efficacy and 
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tolerability[6]. For nanomaterials, this parameter is also 
quite essential because the residence time specifies 
how long it stays in the organism and the estimated 
time period during which it might identify a pathogenic 
microorganism, tumor cells or molecular markers for 
diagnostic purposes, as well as for delivering drugs 
or genes in therapeutic treatments. Several studies 
have demonstrated that nanomaterials are delivered 
to several organs and that these even cross biological 
barriers[7-10]. In addition to this, these have selectivity 
for specific tissues and remain within for long periods 
of time, which are ideal properties if they are used 
to carry drugs, antibodies or vaccines. Few studies 
reported analysis of nanoparticle disposition and how 
long these remained inside the tissues before completely 
eliminated after a single dose administration[11].

These past few years, our group has synthesized and 
carried out in vitro and in vivo studies of cadmium 
sulphide nanoparticles coated with sugar polymers, and 
found that these were biocompatible and well tolerated 
in rodents[12,13]. Our in vitro studies showed dextrin-
coated cadmium sulphide (CS-DX) nanoparticles were 
efficiently delivered at the cellular and subcellular 
levels[14]; additional studies have confirmed effective 
tissue distribution and safety in rodents after multiple 
administrations over a short period of time. Given the 
great tolerability observed in previous studies using 
experimental animals, those findings suggested that 
nanoparticles would be rapidly eliminated without 
producing any biochemical alterations. 

The characteristics that have been shown to have 
the CS-DX nanoparticles suggest that they have the 
potential to be used for imaging for research and clinical 
purposes. However, in order to use them with this last 
purpose it is necessary to know their disposition and 
their elimination time and also to identify their side 
effects after multiple doses. Therefore, the present 
study had two goals. First goal was to characterize 
CS-DX nanoparticles’ disposition after a single dose 
administered to rats and detailed analysis of a series 
of pharmacokinetic parameters, such as the Cmax, Tmax, 
AUC0-t, AUC0-∞, Ke and MRT, along with biochemical 
parameters while nanoparticles remained in the rats. 
Rats were observed for a period of 90 d after a single 
dose administration in order to investigate when these 
were completely eliminated. The second goal was to 
address the biocompatibility of CS-DX nanoparticles 
after daily administration for 30, 60 and 90 d. 
Biochemical parameters and morphology of certain 
tissues were studied. 

MATERIAL AND METHODS

All chemicals for the preparation of nanomaterial 
were purchased from Sigma-Aldrich unless otherwise 
stated. Commercial diagnostic kits to estimate alanine 
aminotransferase (ALT), aspartate aminotransferase 
(AST), alkaline phosphatase (ALP), glucose, 
cholesterol and triglycerides (TG), urea, creatinine 
and uric acid were purchased from ELITech, Mexico. 
Male Wistar rats weighing 110-130 g were obtained 
by Envigo S.A. (Mexico). All rats were kept in a 
controlled environment and allowed food (Standard 
Purina Chow Diet, Mexico) and water ad libitum. 
The rats were fasted for 12 h prior to treatment. 
Experimental protocols were designed in accordance 
with the International Guides for practice in animals[15]. 

CS-DX nanoparticles:

Cadmium sulphide nanoparticles using dextrin as a 
capping agent was prepared according to the process 
described previously[13]. Briefly, cadmium sulphide 
nanoparticles were prepared in aqueous solution. 0.02 M 
CdCl2), 0.5 M KOH, 0.5 M NH4NO3, and 0.2 M 
CS(NH2)2 were added and the mixture was stirred 
and heated at 80°. Similar conditions were applied to 
dextrin with 3 % concentration at pH 11. The solution 
immediately turned a light yellow color, indicating the 
initial formation of a CS nanoparticle. The temperature 
of the mixture was kept at 75° and maintained at 
this temperature for 60 min. The nanoparticles were 
separated by centrifugation at 6000 rpm during 60 min, 
and deposited in solid form from the solution; finally, 
they were washed several times with deionized water 
and dried at 40° for 24 h. 

CS-DX nanoparticle disposition analysis:

Rats were randomly divided into two groups, control 
group (n=5) animals were treated with a single ip dose 
of phosphate buffered saline (PBS, 200 μl) and the CS-
DX nanoparticle group (n=65) was treated with a single 
ip dose of 100 μg/kg CS-DX nanoparticles prepared in 
200 μl of PBS. Animals were sacrificed 3, 6, 12, 18, 24, 
48, 72, 150, 300, 600, 960, 1440 and 2160 h (90 d) after 
administration. Five animals were used per time point. 
A post-mortem macroscopic examination was carried 
out to search for macroscopic alterations. Tissues 
were collected and preserved in 10 % neutral-buffered 
formalin fixative after time samples were processed for 
a histopathological inspection. Serum samples were 
also obtained and maintained at –75° for biochemical 
analysis. Nanoparticle disposition and pharmacokinetic 
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analysis employed fluorescence quantitative analysis. 
Liver, kidney, lung, heart, striated muscle, spleen, 
thymus, brain, and testis were examined. Tissues (50 mg) 
were homogenized with lysis buffer (20 mM HEPES, 
2 mM EGTA, 50 mM β-glycerol phosphate, 5 mM 
sodium fluoride, 50 μM DTT, 100 mM PMSF). The 
fluorescence was quantified by spectrophotometry 
(Perkin Elmer) using the excitation wavelength of  
485 nm.

Tissues were treated as mentioned above, but samples 
were not stained and tissues were rinsed with 1 mg/ml 
solution of sodium borohydride as a blocking agent 
to reduce autofluorescence. To obtain clear images 
regarding the disposition of nanoparticles, unstained 
tissue samples were analysed under an epifluorescence 
microscope. The amount of nanoparticles was 
estimated by measuring fluorescence intensity by 
spectrophotometry in tissue homogenates; the intensity 
of fluorescence was expressed as arbitrary units 
(AU). Individual tissue concentration-versus actual 
time curves were built to derive non-compartmental 
pharmacokinetic parameters. The pharmacokinetic 
parameters obtained included, Cmax, Tmax, AUC0-t, 
AUC0-∞, T½, Ke and MRT, according the next  
Eqns.[16,17], Ke = –(lnC1–lnC0)/t; AUC0-t = AUCt

0 = 
C0+C1/2(t1–t0)+C1+C2/2(t2–t1)+…Cn-1+Cn/2(tn–tn-1)K; 
AUC0

∞ = Cf/Ke; MRT = AUMC0
∞/AUC0

∞. 

Maximal concentration (Cmax) was considered as 
maximal concentration achieved by CS-DX. Time 
of maximum concentration (Tmax) was considered 
as the time at which Cmax was achieved by CS-DX 
nanoparticles. The analysis of biochemical parameters 
was performed using colorimetric methods. The study 
included glucose, triglyceride, cholesterol, AST, ALT, 
PA, urea, creatinine and uric acid level quantitation 
using commercial kits and following manufacturer 
protocols.

Biocompatibility of CS-DX nanoparticles in rats:

Twenty four male Wistar rats weighing 110-130 g were 
assigned to one of four groups: (1) control group rats 
(6 animals) were treated daily with an ip dose of PBS 
(200 μl) for 90 d; (2) the CS-DX nanoparticle group  
(18 animals) was treated daily with an ip dose of  
100 μg/kg CS-DX nanoparticles during 30, 60 or  
90 d. After said periods, the animals were sacrificed as 
described. Tissue samples were processed and observed 
under a light as well as epifluorescence microscope to 
carry out a histopathological analysis. A biochemical 
analysis of blood samples was also performed. 

Statistical analysis:

The data were expressed as the mean±SD and 
statistically analysed using the t-test, and ANOVA 
calculated with the help of the SPSS 10.0 software 
(SPSS Inc., Chicago, Ill., USA). Differences were 
considered significant at p<0.05.

RESULTS AND DISCUSSION

During the study, rodents were closely monitored 
to ensure they did not suffer side effects from the 
nanoparticles. Safety assessments consisted of daily 
observations, body weight and food consumption. 
A rigorous evaluation was made in order to find out 
alterations in, motor apparatus (ataxia, tremors, arching, 
rolling, tonic extension or clonic seizures), central 
nervous system (anaesthesia, sedation, depression 
or hypnosis), and physical aspect (lacrimation, 
exophthalmos, piloerection, salivation or diarrhoea). 

Fig. 1 shows the disposition of nanoparticles seen as 
concentration-time profile and measured as fluorescence 
intensity (AU) in liver, kidney, heart, lung, spleen, 
thymus, muscle, brain and testis. The Tmax, or observed 
time to reach the maximum nanoparticle concentration 
in tissues (Cmax) was mostly between d 1 and 2 (24-48 h), 
although it remained in muscle at 6.25 d (150 h). 
The profile curve and pharmacokinetic parameters 
were different for each tissue studied. The Cmax was 
more intense in liver (65,739 AU) and, consequently, 
both AUC0-t and AUC0-∞ were higher here than in the 
other tissues (Table 1), reaching Tmax on d 3 (72 h). 
Nanoparticle levels remained high in liver for 40 d, 
gradually decreasing; however, at 90 d, significant 
levels of fluorescence were still detected. Interestingly, 
the calculated MRT for liver was of 69 d with a t½ = 
48 d (elimination half time). The concentration-time 
profile in lung, kidney, heart, spleen, muscle and 
thymus was low compared with liver, particularly in 
thymus (Cmax 7339, 6018, 3679, 4386, 2515 and 573 
AUs, respectively). MRT was different for each tissue: 
kidney 9.3 d; heart 16 d; lung 14.8 d; spleen 10.4 d, 
and muscle 59 d. The t½ was below 12 d in kidney, 
heart, lung, and spleen (fig. 1 and Table 1); the muscle 
had an elongated t½ (41.3 d). Interestingly, we also 
found nanoparticles in brain and testis. The intensity 
of fluorescence was low in the brain (6561), with a 
MRT=8.5 d and a t½=5.9 d. However, fluorescence 
intensity was very high in testis (16,810 AUs), 
with a MRT = 83.3 d and t½ = 58 d. Fig. 2 shows a 
representative slice from tissues analysed under light 
and epifluorescence microscope in stained and non-
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stained samples, respectively; microphotographs were 
taken during the maximum fluorescence time (tmax) 
and at 90 d. CS-DX nanoparticles were identifiable 
because they emited green colored fluorescence 
(fig. 2). The fluorescence intensity was different for 
each tissue. The histopathological analysis revealed 
morphological alterations in testis due to the presence 
of nanoparticles. The changes were characterized by a 
reduction of Leydig cells, changes in interstitial tissue 
and seminiferous ducts.

The biochemical analysis showed that CS-DX 
nanoparticles induced changes in almost all analysed 
parameters. Fig. 3 shows the variations observed 
throughout the 90 d of the study, glucose, TG and ALP 
had important variations. Changes were observed since 
the first hour until 45 d. However, glucose and ALP 
subsequently reached normal values by the end of the 
study (90 d). Triglyceride levels, on the other hand, 
remained high at 90 d. Slight changes were found in 

AST, ALT and urea. No changes were observed in 
cholesterol, uric acid and creatinine.

Fig. 4 shows representative tissue slices obtained from 
rats treated daily during 30, 60 and 90 d captured 
under an epifluorescence microscope. All time periods 
resulted in a homogeneous distribution of nanoparticles 
in all analysed tissues. The intensity of fluorescence 
increased as the treatment time increased. Fig. 5 shows 
representative slices from tissue stained with H and E. 
Images from liver, kidney, and brain did not show any 
morphological alterations, and tissues are quite similar 
to control. However, microphotographs from the lung 
region evidenced the presence of an inflammatory 
infiltrate after 90 d of treatment; on the other hand, 
testis showed atrophy and degenerative changes  
90 d after receiving the CS-DX nanoparticles. Table 
2 shows the quantification of biochemical parameters 
at 30, 60 and 90 d. No alterations were found in rats 
treated daily with CS-DX nanoparticles for 30 d. 
Animals treated daily with CS-DX nanoparticles for 
60 d showed elevated AP (73 %) and urea (41 %) 
levels when compared to the control group (p<0.05). 
However, only urea levels remained elevated (28 %) 
after 90 d of treatment. No changes were observed in 
either cholesterol or creatinine levels during all time 
periods.

In pharmacology, disposition indicates the fate of 
a drug inside the body, it represents the sum of all 
absorption, distribution, metabolism and excretion 
(ADME) processes[18]. Although nanomaterials are not 
drugs, these must nevertheless pass through the same 
ADME processes once administered to the organism. 
But it could be assumed these processes are more 
complex given the physical, chemical and optical 
properties of nanomaterials. MRT on the other hand[6], 
help understand the effect span for direct-acting 
molecules. In the case of nanomaterials, the average 
time nanoparticles reside in the organism or the average 
time in which they leave it.
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Fig. 1: Single dose time-concentration profiles of CS-DX 
nanoparticles in tissues in rats
Time-concentration profiles of distribution of CS-DX 
nanoparticles in tissues over a period of 90 d after a single 
intraperitoneal administration to rats. Each point represents 
the mean±SD of 5 animals. (▬♦▬) Spleen, (-----) thymus, 
(▬▬) kidney, (▬▬) heart, (▬▬) brain, (▬▬) testis, (▬▬) 
lung, (▬▬) muscle

Tissue Cmax (AU) Tmax (h) AUC 0-t (AU *h) MRT (d) T½ (d) Ke (h
-1)

Liver 65 739±1621 72 26 484 058±74650 69±8 48±6 0.0006±0.00008
Kidney 6018±1257 24 519 582±8348 9.3±9 6.41±0.8 0.0045±0.0009
Heart 3679±552 72 3 637 750±45 823 16.0±7 11.1±3 0.0026±0.0007
Lung 7339±2070 48 3 794 373±72859 14.8±6 10.31±4 0.0028±0.0006
Spleen 4386±468 48 1 147 335±93 856 10.4±7 7.04±2 0.0041±0.0009
Brain 6561±1427 24 1 487 975±69784 8.5±4 5.9±0.8 0.0049±0.0005
Testis 16 810±5426 48 11 677 942±79 385 83.3±3 58±12 0.0005±0.00001
Muscle 2515±896 150 1 582 380±99 563 59±8 41.3±17 0.0007±0.00002

TABLE 1: PHARMACOKINETIC PARAMETERS OF CS-DX NANOPARTICLES AFTER A SINGLE DOSE

Each value represents the average±SD, n=5
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The present study assessed the disposition and 
biocompatibility of CS-DX nanoparticles administered 
as a single and multiple doses, respectively. There 
are currently very few reports on disposition and 
pharmacokinetics of nanomaterials. Given their size 
and reduced amounts in blood, this is sometimes easier 
to quantify in tissues[19,20]. Some researchers have 
developed theoretical mo1 rats and that their presence 
in the brain and testicles confirmed that these can cross 
barriers. Traces of nanomaterials have been detected 
in long-term studies after administering a single dose 
without producing toxicity. Cr3+-doped zinc gallate, 
Zn1.1Ga1.8Sn0.1 O4:Cr3+ (ZGO) was administered 
intravenously over a period of 60 d and no toxicity was 
observed[21]. Orally administered heparin-conjugated 
deoxycholic acid conjugates also showed no alterations 
in histology after 45 d[22]. Nanomaterial presence in some 
tissues has also been previously reported, including 
traces of iron-dopes silica nanoshells in lung and liver 
after 10 w of their administration[23]. Carboxylated 
and pegylated few-layer graphene sheets were found 
within liver and spleen after 3 mo without producing 
toxicity[24]. These studies and the present study indicate 
nanomaterials have the capacity to remain for a long 
period of time in the organism without necessarily 
producing toxicity. This may be due to their inherent 
properties.

Modifications in glucose, triglyceride and ALP levels 
throughout the study were detected, suggesting 
possible liver damage. Most studies have focused on 
quantifying nanoparticle levels or identifying their 
distribution in tissues, while few have analysed their 
effects on physiological functions. One would expect 
that, lacking morphological alterations, the tissues 
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Fig. 2: Photomicrographs of distribution and localization of 
CS-DX nanoparticles in rat tissues 
Distribution and localization of CS-DX nanoparticles in tissues 
from rats treated with a single dose of 100 μg/kg was studied 
using fluorescence microscopy images that showed the presence 
of nanoparticles through emission of green color. These images 
are from A. liver, B. kidney, C. heart, D. lung, E. brain and F. 
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would be functional. While the present study detected 
variations in biochemical parameters with in the initial 
24 h, it would seem that, after a long period of time, 
organs tend to adapt to the presence of nanomaterials 
and recover their functionality, an hypothesis confirmed 
by our biocompatibility studies.

Subchronic and chronic treatment with CS-DX 
nanoparticles demonstrated that these nanomaterials 
were well-tolerated. No functional or histological 
alterations were found in tissues from rats administered 
daily doses during 30 d. At 60 d, no morphological 
alterations could be seen in any analysed tissues even 
though there was an increase in ALP and urea levels, 
suggesting functional alterations in liver and kidney. 
There was significant toxicity data in animals treated 
daily for 90 d, which showed degenerative changes in 

the testis and inflammation in lungs. Additionally, urea 
levels remained elevated at this time. Previous studies 
reported have shown that CS nanoparticles coated with 
polymers are able to cross biological barriers such as 
the hemato-encephalic and hemato-testicular ones[12,13]. 
Histologically speaking and given the observations 
made on rats, it seems the brain is not sensitive to 
these nanomaterials. However, the testicles appeared 
to be a particularly sensitive organ to toxic agents 
and drugs as well as nanomaterials. Nanomaterial 
toxic effects to testicular cells have been reported. 
Bara and Kaul reported that ZnO nanoparticles 
affected steroidogenesis and provoked alterations in 
phagosomes and lysosomes in Leydig cells[25]. Habas 
et al. found that silver-nanoparticles were able to 
enter sertoli cells and induce apoptosis and oxidative 
damage altering molecular pathways associated with 
that process[26]. It has also been reported that mice 
treated with carbonaceous nanoparticles showed 
changes in sperm viability, morphology and motility[27]. 
Nanomaterial-induced reproductive toxicity induced 
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Fig 4: Photomicrographs of rat tissue sections with distribution 
and localization of CS-DX nanoparticles
Animals were treated daily with a dose of 100 μg/kg for 30, 
60 and 90 d. Variations in the intensity of green fluorescence 
in each tissue are evident. Magnification 20X. (A) Liver, (B) 
kidney, (C) lung, (D) brain, (E) testis
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Fig. 5: Tissue histological sections from rats treated daily with 
CS-DX for 30, 60 and 90 d
A chronic inflammatory process in lungs after 90 d of treatment 
was observed (black arrows). Atrophy and degenerative 
changes in testis after 90 d were observed (blue arrows). Tissue 
samples were stained with H and E. Margnification 20X. (A) 
Liver, (B) kidney, (C) lung, (D) brain, (E) testis
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by is now a topic of interest for several researchers. 
Recently, several reports have evidenced nanomaterial 
toxicity in different reproductive organs[28-32]. 

Toxicity induced by nanomaterials administered not 
by airway has been previously reported. Wang et al. 
reported an inflammatory process in the lungs after 
oral administration of halloysite nanotubes to mice, 
suggesting nanomaterials might accumulate in the 
lungs, and induce fibrosis[33]. On the other hand, other 
studies have revealed many histological changes in 
the lung, cellular infiltration and thrombosis in fetuses 
following an intravenous injection to pregnant rats[34], 
follicular atresia in female mice[35], and malformation 
and injury to different organs[36]. These results and others 
suggest that, regardless of the route of administration, 
lung tissue captures and retains nanoparticles, thus 
suffering the concomitant toxic effects.

Although the present study revealed several 
biochemical alterations during the first hour after the 
administration of a single dose of CS-DX nanoparticles 
and some of these remained throughout the 90 d, it 
is striking that, after the administration of multiple 
doses, the functionality of the organs showed no 
deterioration. On the contrary, some of the alterations 
were reversed. As previously indicated, it seems that, 
after administration, the organs adapt to the presence of 
nanoparticles and these remain there without producing 
toxicity in the tissues. 

It has been mentioned that cadmium induces several 
toxic effects to cells and can affect DNA, RNA and 
proteins[37-39]. Even exposure to cadmium-containing 
nanoparticles could lead to disturbances in cellular 
homeostatic mechanisms[40-42]. Present results 
demonstrated that CS-DX nanoparticles did not cause 
severe damage to rats receiving nanoparticles, nor 
did they produce death. The findings of this study 

suggested that CS nanoparticles protected with dextrin 
control toxicity related to cadmium leakage.

It was observed that CS-DX nanoparticles have a wide 
distribution and a very long MRT without producing 
significant toxicity. The multi-dose study showed these 
nanoparticles were biocompatible and only produced 
selective toxicity after administration for very long 
time periods. Due to the high intensity of fluorescence 
emitted by the CS-DX nanoparticles, it was possible 
to clearly visualizes the tissue morphology; therefore 
these have the potential to be used in bioimaging 
in diagnostic and treatment activities. Although 
nanoparticles have shown to have selective toxicity 
further research is needed to ensure nanoparticles are 
safely and efficiently used in medicine.
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