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Abstract
An effect of the exposure to chloramphenicol (CAP) at doses used therapeutically was studied in 
pigs at the age of slaughter. Pigs were treated with CAP intramuscularly (20 mg/kg b.w. two times 
every 24 hours). Histomorphometrical and immunohistochemical analyses of small intestine and 
liver were done. CAP increased the thickness of myenteron and submucosa, and the length of villi; 
decreased the depth of crypts in the duodenum and jejunum. CAP influenced the Auerbach plexus. 
A decrease in cell proliferation, an increase in the number of apoptotic cells and T lymphocytes 
in the CAP-treated pigs were observed. CAP induces hepatotoxicity, neurotoxicity and disturbed 
intestinal epithelium. It can be concluded that short exposure of pigs to CAP at doses used thera-
peutically results in disturbed digestion and absorption process in the intestine.
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Chloramphenicol (CAP) is an antibiotic originally derived from the bacterium 
Streptomyces venezuelae (1947) found in soil. It has a broad spectrum against gram-
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positive and gram-negative bacteria, anaerobic bacteria, and rickettsias. Despite nu-
merous side effects like bone marrow toxicity, lymphocytopenia, neutropenia, ano-
rexia, vomiting, diarrhea, depression, peripheral neuritis and hepatitis, CAP is still 
used in parenteral treatment in humans, as well as in eye-drops (Friedman et al., 
1998; Brady and Weil, 2002; Nielsen et al., 2013). An absorption of CAP in adult hu-
man beings is rapid and extensive after an oral dose (Yunis, 1973). CAP passes into 
breast milk, can cross the placenta and has a tendency towards accumulation in the 
liver and other tissues (Friedman et al., 1998; Shukla et al., 2013).

In United Europe, CAP is placed on the list of pharmacologically active substanc-
es for which the MRPL (Minimum Required Performance Limit) level is determined 
and since 1994 the use in veterinary medicine is forbidden in all food-producing ani-
mals to prevent residues of CAP in foodstuffs of animal origin (Hanekamp and Cal-
abrese, 2007; EC, 2010; Shukla et al., 2013). In muscle of pigs (27 kg) treated with 
CAP via feed twice daily at a dose of 25 mg/kg b.w. for 3 days, CAP was detected 
(40–270 μg/kg) in animals killed after 10 days. In liver and fat, CAP was detected 
in some animals even on day 21 (EFSA, 2014). The exposure of animals to CAP at 
doses formerly used therapeutically (typically 25–50 mg/kg b.w. per day) results in 
residues of CAP in meat (EFSA, 2014). 

Since 2002 CAP also is banned in Ukraine, but despite the prohibition its resi-
dues are occasionally found in foodstuffs of animal origin such as milk and honey 
(Yanovych et al., 2013). The investigation of causes of CAP residues ingress into milk 
products does not always detect the non-authorized use of this antibiotic for the treat-
ment of animals. For this reason, the causes of the presence of CAP in the tissues 
of animals are sought after. The source of CAP in organism of farm animals could 
be the feed contaminated by soil, because CAP is obtained from soil microorganism 
Streptomyces venezuelae (Yanovych et al., 2013). Also, plants occurring in straw or 
diet of farm animals may be the source of CAP ingress into animal organisms and 
foodstuffs of animal origin (Berendsen et al., 2010; Yanovych et al., 2013; Nordkvist 
et al., 2016). The presence of non-compliant residues is also a consequence of not 
respecting the principles of good farm practice or good veterinary practice. CAP is 
still used in non-food-producing animals. Thus, the most common cause of non com-
pliance of concentration of CAP in animal tissues is the use of it in those species for 
which they are not intended and not respected grace period. Therefore, it seems that 
there is still a risk of exposure of human being to CAP in edible tissues or foodstuff 
of animal origin. 

To our knowledge, there is no information in the literature concerning the altera-
tion in intestinal epithelium or liver tissue after even short exposure to CAP. These 
findings and the lack of particular knowledge on the exposure to CAP give afresh  
a reason to the broad study of the influence of CAP on living organism. The aim of 
the present study was therefore to investigate if the short treatment at low therapeutic 
doses of CAP could cause any alteration in intestinal epithelium and liver in a pig 
model.
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Material and methods

Ten castrated male pigs were used in the study. Used research material con- 
sisted of tissues and organs derived from 6 castrated porkers at the age of 6 months 
which were treated with CAP at the dose of 20 mg/kg body weight two times eve-
ry 24 hours (intramuscularly) before slaughter. For comparison, analogous tissues  
and organs from 4 pigs which were not CAP-treated were used. The experiment was 
approved by The Local Ethics Committee in the State Scientific Research Control  
Institute of Veterinary Medicinal Products and Feed Additives (SCIVP), Lviv, 
Ukraine.

All the pigs were held under standard rearing conditions with constant access to 
fresh water. Pigs through the fattening were fed with commercial diet (twice a day) 
supplied in accordance with the stage of production cycle and age as recommended 
(Table 1).

After slaughter, two 10-mm long segments of the small intestine from the duo-
denum (5 cm distal to the pylorus) and 50% of the total intestinal length were taken 
from each animal. Fragments of liver (0.5 cm3) were also obtained from each ani-
mal. All samples were subjected to histological procedure and staining as previously 
described (Kisielinski et al., 2002; Abu Eid and Landini, 2003; Suvara et al., 2013; 
Tomaszewska et al., 2014). The morphometric variables which were analyzed also 
were previously described (Abu Eid and Landini, 2003; Suvara et al., 2013; To-
maszewska et al., 2012). A total number of 5 measurements of each parameter per 
pig was performed (a total number of 30 and 20 measurement for CAP and control 
group, respectively).

Apoptotic cells were counted per square millimeter of tissue (in Hoechst eosin-
stained sections); the criteria for recognizing apoptotic cells were those outlined as 
described previously (Lizard et al., 1995). 

The following parameters of liver tissue were analyzed: per mm2 – hepatocyte 
number, number of hepatocyte nuclei, number of double nucleated hepatocytes, total 
number of hepatocyte nuclei, other cells, total cells; intercellular space as an area 
(%); fractal dimension of intercellular space (D); average size of nuclei, perimeter 
of nuclei, Feret diameter and circularity (Śliwa et al., 2009; Tomaszewska et al., 
2015 a, b, 2017). A total number of 5 measurements of each parameter per pig was 
performed (a total number of 30 and 20 measurements for CAP and control group, 
respectively).

Immunohistochemistry
Immunohistochemical staining was performed using monoclonal rabbit anti-pig 

antibodies against CD3 epsilon chain of T cells (Abcam, Cambridge, UK, dilution 
1:200; to mark T lymphocytes in the small intestine wall); polyclonal rat anti-pig 
antibodies against Ki-67 (Abcam, Cambridge, UK, dilution 1:50; to indentify pro-
liferating cells); rabbit polyclonal to 200 kD neurofilament heavy subunit neuronal 
marker (Abcam, Cambridge, UK, dilution 1:200; to localize Meissner and Auerbach 
plexuses). Immunohistochemical procedure is described previously (Tomaszewska 
et al., 2012).
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Table 1. Diet composition for pigs in the study

Diet composition Prestarter Starter Grower-finish
Ingredient

wheat middlings (%) 53.00 41.50 15.00
barley middlings (%) – 30.00 36.00
soybean meal (%) – – 10.00
rye middlings (%) – – 32.00
rape middlings (%) – – 4.00
Panto Ferkelgold F 2501 (%) 22.00 – –
Panto Multivit-Premix M 512 (%) – 3.50 –
Panto Multivit-Premix M 393 (%) – – 3.00
corn, grain (%) 25.00 10.00 –

Composition
dry matter (%) 87.66 87.28 87.30
crude protein (%) 16.96 16.66 16.00
ME (MJ/kg) 14.01 13.00 12.63
crude fibre (%) 2.72 3.56 4.03
crude fat (%) 1.98 1.98 1.75
ash (%) 4.60 5.86 5.65
starch (%) 47.60 45.34 43.60
Ca (%) 0.64 0.82 0.79
P (%) 0.48 0.48 0.48
available P (%) 0.08 0.14 0.15
Na (%) 0.17 0.25 0.21
Mg (%) 0.20 0.20 0.19
carbohydrates (%) 4.37 3.49 3.54
Lys (%) 1.17 1.00 0.93
Met (%) 0.55 0.33 0.30
Met + Cys (%) 0.79 0.65 0.63
Trp (%) 0.18 0.19 0.19
Thr (%) 0.74 0.63 0.57
vitamin A (IE) 15.840 14.000 12.000
vitamin D (IE) 1.760 1.750 1.200
vitamin E (mg) 99.00 140 75.00
vitamin C (mg) 33.00 – –
vitamin K (mg) 2.20 1.40 0.90
vitamin B1 (mg) 2.20 1.40 0.90
vitamin B2 (mg) 6.60 4.24 2.70
vitamin B6 (mg) 4.40 4.20 2.70
vitamin B12 (μg) 33.00 35.00 –
nicotinic acid (mg) 33.00 – –

1The protein-vitamin-mineral concentrate (1 kg): crude protein 38.0%, ash 14.5%, L-lysine 3.8%, crude 
fibre 3.75%, crude fat 3.5%, Ca 2.7%, P 1.0%, Na 0.7%, vitamin A 72,000 IU, vitamin D3 8,000 IU, vitamin E 
450 mg, Cu 600 mg, endo-1,4-β-xylanase 1,200 FXU, 3-phytase 2,000 FTU, Ca (H2PO4)2, lactic acid, formic 
acid, aromas.

2The vitamin and mineral premix (1 kg): Ca 21.0%, P 3.0%, Na 6.0%, L-lysine 7.0%, threonine 1.0%, 
Mg 2.0%, methionine 2.0%, vitamin A 400,000 IE, vitamin D3 50,000 IE, vitamin E 4,000 mg, Cu 5,000 mg, 
3-phytase 16,650 FTU, salinomycin-Na 1,000 mg.

3The vitamin and mineral premix (1 kg): Ca 22.5%, P 3.5%, Na 5.5%, L-lysine 6.5%, Mg 2.0%, methionine 
1.0%, vitamin A 400,000 IE, vitamin D3 50,000 IE, vitamin E 2,500 mg, Cu 1,000 mg, salinomycin-Na 1,000 mg.
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Microscopic images of the immunohistochemistry reactions were subjected to 
further analysis and the variables analyzed included: regarding Ki-67 – the number 
of proliferating cells/0.01 mm2 of the gland surface and the proliferating cell index as 
the number of proliferating cells in relation to all the gland cells (%); regarding neu-
rofilament detection – the cross section area of the nerve ganglion, sphericity, perim-
eter, and mean diameter, and regarding T cells: the total number of T cells per mm2 of 
tissue. A total number of 5 measurements of each parameter per pig was performed  
(a total number of 30 and 20 measurements for CAP and control group, respectively). 

Statistical analysis
All results are expressed as means ± SD (standard deviation). Differences between 

means were tested with the Student-T test. Normal distribution of data was examined 
using the W. Shapiro-Wilk test and equality of variance was tested by the Brown-
Forsythe test. When there was no normal distribution and/or unequal variance of data, 
we had to use the Mann-Whitney U test to test the differences between the means.  
A p-value less than 0.05 was considered statistically significant. All statistical analyses 
were carried out by means of Statistica 12 software (StatSoft, Inc., Tulsa, OK, USA).

Results

At slaughter, CAP-treated pigs weighed 99.4±3.8 kg and did not differ from the 
non-treated animals (95.0±4.7 kg, P>0.05).

Table 2. Effect of chloramphenicol treatment on the histomorphometry of duodenum in pigs
Parameter C1 CAP2

Myenteron thickness (μm):
longitudinal lamina 403±63 714±49*
transversal lamina 503±35 681±103*

Submucosa thickness (μm) 94±28 128±17*
Mucosa thickness (μm) 862±50 680±80*
Enterocyte number/100 µm of villus 20.9±6.7 16.2±1.5*
Villi epithelium thickness (µm) 38.3±13.4 38.0±4.5
Villi length (µm) 566±145 478±130
Villi thickness (µm) 37.3±17.4 28.5±25.8
Total villi number/mm 6.1±2.0 6.3±0.5
Crypts depth (μm) 286±49 198±30*
Crypts width (µm) 46.5±7.9 107.8±14.9*
Active crypt number/mm 5.4±1.0 7.4±0.7*
Inactive crypt number/mm 2.9±1.4 1.2±0.2
Total crypt number/mm 8.4±0.9 7.4±0.7*
Small intestine absorptive surface (µm2) 3.1±0.9 5.8±1.3*
Ki number/0.01 mm2 of the gland surface 40.6±10.5 28.2±3.1*
Ki index 41.8±6.5 32.5±2.4*

Data given are Mean ± SD, * P < 0.05. 
1C – control group, no chloramphenicol.
2CAP – animals treated with chloramphenicol.
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The histomorphometric analysis of the duodenum and jejunum and nerve plex-
uses is presented in Tables 2, 3, and 4, respectively. CAP administration resulted in 
an increase in the thickness of the myenteron (longitudinal and transversal in both 
parts of intestine about 73% and 45%, respectively) and submucosa (about 41%; 
P<0.001). Mucosa thickness decreased about 21% in duodenum (P<0.001), while 
increased about 60% in jejunum (P<0.001). The length of villi increased in the CAP-
treated pigs in jejunum about 67% (P<0.001) and decreased about 15% in duodenum 
(P=0.03). The depth of crypts was lower in both the duodenum and jejunum (about 
42%; P<0.001), although their width and the number of active crypts rose in the 
duodenum (131% and 37%, respectively; P<0.001). Absorptive surface increased in 
duodenum by 87% (P<0.001) and in jejunum by 30% (P<0.001). What is more, ad-
ministration of CAP influenced the size of nerve plexuses and resulted in an increase 
in the Auerbach plexus diameter in the duodenum (44%; P<0.001) and an increase in 
the perimeter, diameter, and area of the Auerbach plexus in the jejunum (135%, 85%, 
230%, respectively; P<0.001).

Table 3. Effect of chloramphenicol treatment on the histomorphometry of jejunum in pigs

Parameter C1 CAP2

Myenteron thickness (μm):
longitudinal lamina 253±41 432±77*
transversal lamina 436±30 669±33*

Submucosa thickness (μm) 129±38 189±41*
Mucosa thickness (μm) 480±75 770±80*
Enterocyte number/100 µm of villus 15.3±1.9 16.3±2.3
Villi epithelium thickness (µm) 24.8±3.9 24.4±2.8
Villi length (µm) 419±142 701±140*
Villi thickness (µm) 112±12 116±9.7
Total villi number/mm 7.5±1.2 6.7±0.9
Crypts depth (μm) 226.2±35.2 124.1±18.5*
Crypts width (µm) 59.3±16.8 61.6±13.1
Active crypt number/mm 7.3±1.4 7.1±0.9
Inactive crypt number/mm 2.1±1.1 3.2±2.1
Total crypt number/mm 9.2±1.3 8.7±1.6
Small intestine absorptive surface (µm2) 7.8±2.1 10.2±2.0*
Ki number/0.01 mm2 of the gland surface 71.0±15.9 54.5±2.4*
Ki index 49.3±6.9 37.7±1.6*

Data given are Mean ± SD, * P<0.05.
1C – control group, no chloramphenicol.
2CAP – animals treated with chloramphenicol.

The number of T cells in the duodenum did not differ significantly between the 
control (1460 ± 442 cells per mm2 of tissue) and CAP-treated animals (1162 ± 435 
cells per mm2 of tissue). The analysis showed a significantly higher number of T 
lymphocytes in the jejunum in the CAP group (2836 ± 627 cells per mm2 of tissue) 
compared with the control group (1148 ± 353 cells per mm2 of tissue; P<0.001) 
(Figure 1). 
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Table 4. Effect of chloramphenicol treatment on the histomorphometry of nerve plexuses in duodenum 
and jejunum of pigs

Parameter C1 CAP2

Duodenum
Auerbach plexus

area (µm2) 19512±14443 29439±17106
perimeter (µm) 922±563 967±360
mean diameter (µm) 112±24 161±30*
sphericity 0.77±0.18 0.86±0.13

Meissner plexus
area (µm2) 3938±4137 3763±3844
perimeter (µm) 572±584 384±271
mean diameter (µm) 49±20 48±18
sphericity 0.04±0.02 0.06±0.04

Jejunum
Auerbach plexus

area (µm2) 2184±2209 7202±3693*
perimeter (µm) 181±110 426±137*
mean diameter (µm) 44.5±23.8 82.4±21.6*
sphericity 0.35±0.28 0.22±0.12

Meissner plexus
area (µm2) 2402±1942 2039±1675
perimeter (µm) 299±131 311±214
mean diameter (µm) 42.7±19.5 35.6±13.3
sphericity 0.10±0.13 0.03±0.02

Data given are Mean ± SD, * P<0.05.
1C – control group, no chloramphenicol.
2CAP – animals treated with chloramphenicol.

The Ki index was decreased in the CAP group in the duodenum and in the je-
junum (about 23%; P=0.004 for duodenum and P<0.001 for jejunum). Moreover, 
the number of proliferating cells also decreased in the CAP-treated pigs (P<0.001) 
(Tables 2 and 3; Figure 1). 

After administration of CAP, an increase in the number of apoptotic cells was ob-
served (P<0.001). There were 151% more apoptotic cells in the duodenum and 19% 
more apoptotic cells in the jejunum in comparison to the control group.

The histomorphometric analysis of the liver is presented in Table 5. It revealed 
a significant decrease in the numbers of hepatocytes by 24%, hepatocyte nuclei by 
30%, and an increase of other cells by 70% in the group of pigs treated with CAP. 
The degree of the diversity of the cell outline increased after CAP by 7% (P<0.01). 

Further examination revealed 13% less apoptotic cells in the liver of pigs treated 
with CAP in contrast to the control group (P<0.001).

The histological examination of the control liver tissue showed normal architec-
tural hepatocytes with more or less centrally located mainly one nucleus. 
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Figure 1. Upper row: Representative pictures of the immunohistochemical reactions for Ki-67 carried 
out on formaldehyde-fixed sections from the jejunum of pigs from the control group (A) and from the 

CAP group (B). C – control section for antibody
Lower row: Representative pictures of the immunohistochemical reactions for CD3 carried out on  
formaldehyde-fixed sections from the jejunum of pigs from the control group (C) and from the CAP 

group (D). F – control section for antibody

Table 5. Effect of chloramphenicol on the histomorphometrical parameters of liver in pigs 

Parameter C1 CAP2

Hepatocyte
hepatocyte number/mm2 2034±297 1548±165*
hepatocyte nuclei number/mm2 1758±363 1230±153*
double nucleated hepatocyte number/mm2 337±131 320±109
total hepatocyte nuclei number/mm2 2434±263 2152±238
other cell/mm2 547±212 932±222*
total cell number/mm2 2590±339 2460±498
intercellular space (%) 10.1±4.6 12.3±3.3
fractal dimension 1.54±0.07 1.65±0.07*

Nuclei of hepatocyte
nuclei average size (µm) 51.7±12.3 43.6±4.8*
perimeter (µm) 20.8±5.2 20.9±4.9
feret (µm) 7.4±1.7 7.5±1.7
circularity 0.75±0.09 0.75±0.08

Data given are Mean ± SD, * P<0.05.
1C – control group, no chloramphenicol.
2CAP – animals treated with chloramphenicol.
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Microscopic assessment of the liver structure in the CAP-treated pigs showed no 
marked differences in the distribution of portal triads and terminal hepatic venules 
in the tissue compared with the control group. However, slight fatty degeneration, 
ballooning, and vacuolization in the livers were observed. No fibrosis was observed 
in the liver.

Discussion

Modern intensive farming methods and the associated high density of animals 
cause still rising demand for veterinary medicines, including antibiotics (EMA, 
2012). These substances are widely used in human or veterinary medicine for ther-
apeutic and prophylactic purposes or to protect the public health by limiting the 
spread of zoonoses (Greger, 2007; EFSA and ECDC, 2015 a, b). On the other hand, 
improper use or overuse of antibiotics in agriculture as well as human or veterinary 
medicine led to the emergence and spread on a very large scale of antibiotic-resistant 
microorganisms with more efficient mechanisms of resistance (Phillips et al., 2004; 
Hammerum and Heuer, 2009). The overuse of antibiotics in livestock led to their 
presence in food products (edible tissues) obtained from food-producing animals 
(Shea, 2003; Khanna et al., 2007). It should be noted that among these antibiotics is 
CAP which is still used as a growth promoter or bacteriostatic agent in some coun-
tries (Shalaby et al., 2006; Shukla et al., 2013).

However, our analysis showed that there was no impact of CAP on body weight 
in pigs at slaughter age. Still, it cannot be unambiguously excluded that the use of 
CAP promotes animal body weight gain. Sanchez-Martínez et al. (2008) have shown 
that fish supplemented with antibiotic exhibit a significant increase in weight gain 
which suggested a growth promoting action despite negative effects on the immune 
system of fish (Guardiola et al., 2012). Sanchez-Martínez et al. (2008) have also 
shown significant increase in weight gain and decrease in food conversion ratio, 
which could be beneficial for the producer, but it is linked with the presence of re-
sidual antibiotics in fish tissue and fish products (Samanidou and Ewaggelopoulou, 
2007). It should be emphasized that other structural analogs of CAP with more activ-
ity against bacteria are also used as growth promoter (Cannon et al., 1990). It seems 
that the effect of antibiotic growth promoter depends upon the kind of animals and 
type of antibiotic used.

The current results showed that short CAP treatment increased wall of small in-
testine in pigs. The use of CAP or other antibiotics may lead to proliferation of patho-
genic bacteria re-homing and releasing their toxins. Among those activated bacte-
rias that invade the host leading to complications could be Proteus or Pseudomonas 
(Dhama et al., 2014). 

In our study the activity of bacteria in gastrointestinal tract was not investigated, 
but after CAP treatment an increase of the number of active crypts was observed, 
probably in response to the change in the balance of intestinal microflora and their 
composition. In crypts there are specialized epithelial cell populations such as Paneth 
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cells which secreted antimicrobial peptides. The number of T cells in the intestine of 
the CAP-treated pigs also increased. 

To our knowledge, there are numerous studies with CAP analysis and monitoring 
in food of animal origin in different countries suggesting a high risk of illegal use of 
CAP in farms (Shen et al., 2009; Mehdizadeh et al., 2010; Tajik et al., 2010). For this 
reason, it is difficult to discuss our other results because there is a lack of any study 
describing histomorphometric alteration in intestinal epithelium. Our study showed 
that CAP decreased mitosis in the intestinal crypts and slowed down proliferation. 
CAP treated pigs also showed a tendency to a decrease in the number of enterocytes. 
This is an important element in the contact digestion. Furthermore, CAP showed 
negative effect on nervous system in small intestine. These changes might influence 
the processes of proliferation, differentiation, and regeneration of the intestinal epi-
thelium. 

Biotransformation of CAP takes place mainly in the liver besides kidneys, where 
CAP reaches the highest residue levels. It correlates with the present results of the 
histomorphometric analysis. These changes can indicate considerable damage of 
liver tissue. The influence of CAP on the liver resulted in an increased number of 
other cells than hepatocytes. This change could be caused by the increased number of 
phagocytic cells indicating an inflammatory process. Our results are consistent with 
other studies showing liver toxicity after CAP treatment (Gaikowski et al., 2012; 
Ahmadizadeh et al., 2013).

In general, the problem of the influence of pharmacologic treatment of farm ani-
mals on the nutritional value of meat and its products, and its safety for human health 
is still open for discussion (Grela et al., 2013).

Conclusion
It can be concluded that short exposure of pigs to CAP at doses used therapeuti-

cally results in disturbed digestion and absorption process in the intestine. Our re-
sults showed the negative impact of CAP-treatment on histological structure of the 
intestine, liver and innervation of small intestine. CAP induces hepatotoxicity, neu-
rotoxicity and disturbed intestinal epithelium.
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