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Abstract: Aim of this study was to evaluate the influence of zinc chelates injected into abdominal cavity 
on viability of peritoneal macrophages. Three organic acids (EDTA, DTPA, NTA) were used as zinc 
carriers. 24 female rats were employed in this study. The rats were divided into 5 groups: 6 received 
intraperitoneal injection of 2 mL 40 mM Zn-EDTA (group E), 6 received intraperitoneal injection of 2 
mL 40 mM Zn-DTPA (group D), 6 rats received intraperitoneal injection of 40 mM 2 mL Zn-NTA 
(group N), 3 rats received 2 mL of normal saline (group K4–6) and 3 rats (group K1–3 for control) were 
intact. On the day after injection all rats were sacrificed and peritoneal lavages were performed and cell 
viability analysis was done. The macrophages were divided in two morphologically different groups – 
group of smaller monocytes-like macrophages (ML) with kidney-shaped nuclei and pseudopodia  
on their surface, and a group of macrophages with spherical nuclei and many vacuoles in the cytoplasm 
(vacuolized macrophages, VM). Apoptosis of ML macrophages of the peritoneum in rats administrated 
with Zn-DTPA was almost similar to apoptosis of cells in intact animals. This means that properties  
of this chelate are very close to homeostasis of rats´ abdominal cavity. The apoptosis significantly 
increased in group E compared to K1–3. There was a significant difference between groups K1–3  
and K4–6. As for necrosis the values for K1–3 and Zn-DTPA are again very close. The most damage  
of cells was caused by Zn-EDTA chelate. Apoptosis of vacuolized macrophages was significantly higher 
in groups K4–6, E and N. Necrosis of vacuolized macrophages was significantly higher in groups  
K4–6 and N. The Zn-DTPA chelate looks to be the mildest carrier for Zn into the organism. The present 
study showed that the zinc-organics acid chelates are not toxic or irritating tissues after being injected 
into rat´s abdomen. The Zn-DTPA had the smallest influence to the peritoneal macrophages.  
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INTRODUCTION 
The peritoneal cavity provides an easily accessible site for the harvesting of moderate numbers 

of resident, non-manipulated macrophages (Zhang et al. 2008). Macrophages play an important role  
in the immune system. These cells originate from the myeloid cell lineage (Wynn et al. 2013) and are 
present in all tissues. Macrophages show substantial morphological and phenotypic heterogeneity  
and have diverse physiological functions. They participate in proper tissue development  
and homeostasis. After injury or pathogen invasion, they recognize danger signals, change their 
morphology and start to secrete cytokines and other immunomodulators to attract circulating immune 
cells and coordinate the immune response (Moon et al. 2013). Under inflammatory conditions, 
circulating monocytes migrate into target sites and differentiate into inflammatory dendritic cells  
and macrophages (Geissmann et al. 2010). They mediate pathogen and damaged cell clearance, trigger 
specific immune responses and, lastly, terminate inflammatory processes. Macrophages also coordinate 
resolution, tissue re-modelling and repair (Mosser et al. 2008, Zhang, Mosser 2008). Depending on local 
or systemic stimuli like the presence of specific cytokines, macrophages perform different tasks and can 
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stimulate or inhibit various aspects of tissue metabolism. In addition, the same cells can repeatedly 
change their functional phenotype and adjust their activity to current demands determined by the local 
microenvironment (Porcheray et al. 2005, Biswas et al. 2012). When stimulatory factors disappear, 
macrophages return to their basal, resting state, and such functional plasticity is unique among the cells 
of the whole immune system. Zinc is a fundamental nutritional component required for normal 
development and maintenance of the immune function in humans and animals.  

A wide range of pathologies develop as a consequence of zinc deficiency, such as growth defects, 
hypogonadism, dermal and immune alterations, and neurological dysfunctions (Maret, Krezel 2007). 
Zinc protects tissues from reactive oxygen radicals. The present study considers the use of zinc-organic 
acid (Zn-EDTA, Zn-DTPA, Zn-NTA) chelates as a source of zinc for organisms via determination  
of influence of intraperitoneal administration of zinc chelates to peritoneal macrophages viability. 

MATERIAL AND METHODS 
Animals and reagents 

This study employed 24 female rats, each weighing 210-240 g. All rats were maintained in an air 
conditioned area and were provided with water and laboratory chow ad libitum.  The rats were divided 
into 5 groups: 6 received intraperitoneal injection of 2 mL Zn-EDTA (group E), 6 received 
intraperitoneal injection of 2 mL Zn-DTPA (group D), 6 rats received intraperitoneal injection of 2 mL 
Zn-NTA (group N), 3 rats received 2 mL of normal saline (group K4–6) and 3 rats (group K1–3 - 
control) were intact. The dosage of chelates was 2 mL in each rat and was arbitrarily determined by 
considering the fact that the maximum of intraperitoneal injection in animals is 10 mL.kg-1 (Turner et 
al. 2011). The concentrations of the chelates were selected based on prior cytotoxic tests. The dosage  
of chelates and normal saline was the same. Injection of chelates and normal saline was carried out  
by an experienced member of the research team.  

Each rat was anesthetized with ether. Prior to injection, each rat was placed in a supine position 
and the skin was scrubbed with 99.9% alcohol. A 23-gauge needle attached to a 2 mL syringe was 
inserted on the right lower side of the navel and 2 mL chelate or normal saline was injected into the 
peritoneal cavity. The entire procedure was performed under general anaesthesia in each rat. On the day 
after injection all rats were sacrificed and peritoneal lavages were performed. 18-gauge needle attached 
to a 20 mL syringe was inserted on the left lower side of the navel and 20 mL of normal saline was 
introduced into the abdominal cavity. A gentle massage of the abdomen was done and then at least 13 
mL of material from each rat was aspired. All the samples were put into centrifuge at 1500 rpm for 10 
minutes so we got 24 compact masses of peritoneal cells. We used 1.5 mL of supernatant to re-suspend 
each pellet.  

 
Cell viability analysis 

3 mL of CellWash were added to each sample and another centrifugation for 10 minutes at 1500 
rpm followed. The pellets were re-suspended again. Macrophage apoptosis and necrosis was detected, 
using flow cytometry, according to the protocol provided with the Annexin-V-FITC Apoptosis 
Detection Kit (Sigma Aldrich, USA). The cells were analysed using the BD LSR Fortessa Flow 
Cytometer (Becton Dickindon, San Jose, USA) by counting 1500000 events. In quadrant analysis, the 
percentage of apoptotic and necrotic Final dot plots was evaluated using BD FACSDiva software 
(Becton-Dickinson, San Jose, USA). The results were evaluated by Student´s pair T-test. P values were 
considered statistically significant if  P<0.05, P<0.01 and P<0.001. The data were processed using 
GraphPad Prism® - a commercial scientific 2D graphing and statistics software by GraphPad Software, 
Inc., California.  

http://www.sciencedirect.com/science/article/pii/S0308814612004190#b0090
https://en.wikipedia.org/wiki/Statistics_software
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RESULTS AND DISCUSSION 
Figure 1 Peritoneal macrophage apoptosis         Figure 2 Peritoneal macrophage necrosis 
     
 
                                                

                                                                 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Apoptosis of vacuolized macrophages        Figure 4 Necrosis of vacuolized macrophages 
            
       
                     
 
 
                            
 
 
 
 
 
 

 
 
 
 
Of the 24 rats, no infection or other complications in the abdominal wall were found. There were 

no colour changes of peritoneum or other macroscopic abnormalities. The macrophages were divided  
in two morphologically different groups – group of smaller monocytes-like macrophages (ML)  
with kidney-shaped nuclei and pseudopodia on their surface, and a group of macrophages with spherical 
nuclei and many vacuoles in the cytoplasm (vacuolized macrophages, VM). 

Apoptosis of ML macrophages of the peritoneum in rats administrated with Zn-DTPA (group D) 
was almost similar to apoptosis of cells in intact animals (K1–3). This means that properties of this 
chelate are very close to homeostasis of rats´ abdominal cavity. The apoptosis significantly increased  
in group E compared to K1–3 (P<0.01). There was a significant difference between groups K1–3  
and K4–6 (P<0.001).  

As for necrosis the values for K1–3 and Zn-DTPA are again very close. The most damage of cells 
was caused by Zn-EDTA chelate.  

Significant differences: control group  
(K1–3) compared to saline group (K4–6) 
and experimental groups E, D, N (*P<0.05, 
**P<0.01).  

Significant differences: control group  
(K1–3) compared to saline group (K4–6) and 
experimental groups E, D, N (**P<0.05).  

Significant differences: control group  
(K1–3) compared to saline group (K4–6) 
and experimental groups E, D, N (*P<0.05).  

Significant differences: control group  
(K1–3) compared to saline group (K4–6) 
and experimental groups E, D, N (**P<0.01, 
***P<0.001).  
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Apoptosis of vacuolized macrophages was significantly higher in groups K4–6, E and N (P<0.05) 
compared to control group (K1–3). Necrosis of vacuolized macrophages was significantly higher  
in groups K4–6 and N (P<0.05 resp. P<0.001). The Zn-DTPA chelate looks to be the mildest carrier  
for Zn into the organism. 

There is a large difference between the control groups. This corresponds with the fact, that 
“normal saline” or “physiological saline” frequently is used as neutral and physiological fluid. But it is 
not a physiological solution at all. The osmolality of this fluid is slightly higher than that of body fluids, 
the concentrations of sodium and chloride (both 154 mEq.L-1) are higher. Furthermore, the pH of 0.9% 
NaCl solution is acidic (5.0–6.0). The first description of tissue toxicity of 0.9% NaCl solution dates 
back to the beginning of the 20th century (Cushing 1901). Intraperitoneal injection  
of the unphysiological and bioincompatible fluid may damage the mesothelial cells that line  
the abdominal cavity which may influence macrophages adhered to the abdominal wall. 

CONCLUSION 
The present study showed that the zinc-organics acid chelates are not toxic or irritating tissues 

after being injected into rat´s abdomen. The Zn-DTPA had the smallest influence to the peritoneal 
macrophages. The apoptosis and necrosis of these cells was almost the same in group K1–3 (control) 
and the group which received 2 mL of Zn-DTPA. There were significant differences in apoptosis  
and necrosis between in groups K1–3 and K4–6. 
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