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ABSTRACT

The focus of this research was to investigate how tannin extract from
black tea influenced the hematological and histopathological evaluations of
male rabbits fed a mycotoxin-contaminated feed, including 17 ppb aflatoxin, 5
ppb ochratoxin and 2 ppb fumonisin. A total of 28 local male rabbits were
allocated into four groups, the first of which was a control group. The second
was fed a Mycotoxin-contaminated meal. The third was given a Mycotoxin
feeding with tannin extracts (125mg/mL per head) administered orally, while
the fourth was fed a Mycotoxin contaminated diet with tannin extracts (250
mg/ mL per head) given orally. The findings revealed that tannin extracts
seemed to have a significant positive impact on haematological results,
particularly RBCs and WBCs, throughout the period; however, the 250 mg/mL
dose showed no significant differences in Hb levels. Nonetheless, as compared
to the Mycotoxin group, the histopathological sections of tannin extract
demonstrated a reduction in the toxicity of the Mycotoxin diet on the liver and
kidney tissues; conversely, the tissue sections of the control animals showed
no abnormalities. In male rabbits fed contaminated Mycotoxin diets, tannin
extract from black tea was found to have a favourable impact on hematological
activities and vital organs such as the liver and kidney.
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INTRODUCTION

Tannins are referred to as water-soluble polyphenols that are present in
many plant feeds. Tannins have different effects on health. Besides the
antioxidant and antimicrobial activities, tannins are also used as antiseptics
and astringents (Dakheel et al., 2020). Black tea contains a large molecular
weight of tannins, which has broad-spectrum and specific medicinal effects as
an antioxidant, anti-inflammatory and anti-cancer, and antimicrobial
(Khasnabis et al., 2015).

Mycotoxin contamination of food and feed (such as fumonisin, aflatoxin,
and ochratoxin A) decreases the nutritional value, consistency and protection
of food and feed in the same way. These naturally occurring toxic compounds
frequently contaminate agricultural commodities posing a hazardous risk to
humans and animals (Haque et al, 2020). Unfortunately, there is little
information on the impact of tannins on the clinical symptoms of these toxins
in the blood parameters of rabbits. Rabbits can display perplexing clinical
indications, and additional information may be obtained from laboratory
studies. Furthermore, as information is gathered and researchers become
more aware of diagnostic and prognostic hematologic signs, the lack of
metabolic data for pet rabbits is changing (Cullere and Zotte, 2018).

Mycotoxicosis in rabbits is characterized by a 20-60% reduction in
feeding, which can result in acute or chronic diseases, Mycotoxicosis, is based
on the mycotoxin concerned, its concentration, exposed length, accumulative
effects, and mycotoxin synergisms (Gimeno et al, 2011). Thus, this work
aimed to determine the effects of tannin extract, from black tea, on
hematological and histopathological tests of male rabbits fed on a Mycotoxin
diet.

MATERIALS AND METHODS

Experimental design

Twenty-eight healthy local male rabbits (average weight 1322 +100g and
aged 5-6 months old) were randomly allocated into four groups; the first
group was daily fed freely on water and basal diet as a control (C). The second
group was fed on a diet that contained Mycotoxins, which was named (T1),
The third group (T2) was fed on a Mycotoxins diet plus administered with
tannin extracts orally (125 mg/ mL per head), as well as the fourth group (T3)
was fed on mycotoxin diet plus giving oral administered of tannin extracts,
(250 mg/ mL per head). This experiment was continued for 63 days. Ethical
permission was obtained by the College of Veterinary Medicine/ University of
Baghdad.
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Tannin Extraction

An aqueous extract of tea tannins was given to the rabbits orally. The
assessment of insoluble tannins was done using Butanol-HCI (Sigma-Aldrich)
reaction to insoluble plant materials; the colorimetric reaction has used an
oxidative de-polymerization of tannins to produce red anthocyanidins. These
methods have been described by Mueller-Harvey (Mueller-Harvey, 2001).

Mycotoxin detection analysis

The mycotoxin detection analysis of a concentrated diet was achieved
using HPLC/ MS at a group of the Veterinary Center/ Laboratory and Science
Unit/ Baghdad-Iraq. The results shown that the diet was contaminated with
different mycotoxins including aflatoxin (17 ppb), ochratoxin (5 ppb) and
fumonisin (2 ppb); the rabbit diet was naturally contaminated with these
Mycotoxins.

Hematological tests

The blood samples were taken three times during the experiment (at 0, 30
and 60 days), which were withdrawn in the morning before treatments were
given. These samples were withdrawn from the heart after sterilization at the
site of blood drawn by using disposable syringes sterilized. The samples were
kept in (5mL) tubes that contain an anticoagulant EDTA (ethyl diamine-
tetraacetic acid).

Histopathological protocol

After anaesthetizing rabbits using ether (diethyl ether / CAS 60-29-7), the
animals were labelled. The liver and kidneys of the animals were removed and
cleaned in distilled water before being put in 10% Formalin and dehydrated
with an increasing concentration of alcohol (50, 70, 90, and 100 %). The
"Clearing" procedure was then completed with Xylol, followed by the casting,
and embedding processes. Hematoxylin and eosin were used to investigate
pathological changes after the paste was placed on cleaned glass slides
(Junqueira, et al., 1979).

Statistical Analysis

SAS (2012) program (Statistical Analysis System) was used to determine
the effect of statistical values on the study parameters. A least significant
difference (LSD) and one-way ANOVA were applied to compare significant
means.
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RESULTS

Blood hemoglobin (Hb)

The treated groups and control demonstrated no differences in Hb values
between them at (P=0.05) from 0 day throughout 30th and 60th days, as
shown in Table 1.

Table 1. Effect of different concentrations of tannin extracts on the blood hemoglobin
(Hb) (g/ dD

Groups/

. Control T1 T2 T3 LSD
Times

0 day 10.00+0.74 10.05+£0.90 10.10+0.38 10.03+£0.40 0.15NS
30t day 13.82+0.28 12.90+1.04 11.90+1.50 13.44+0.16 1.95NS
60t day 13.76+0.18 13.24+0.25 13.56+0.15 13.98+0.22 0.80 NS

(NS) indicates no significant differences (P=0.05) between groups at the same time; data are
means +SEM

Erythrocytes (RBCs)

The results of RBCs of different groups showed fluctuating significant
differences (P<0.05) in the average of red blood cells (Table 2). Those groups
recorded no significant differences between them on the 1st day. Whereas the
30th day and 60t day recorded different values (P<0.05) compared with the 1st
day.

Table 2. The effect of different concentrations of tannin extracts on the Erythrocytes
(RBCs =x10°6 / pL)

Groups/ Control T1 T2 T3 LSD
Times

0 day 5.50 £0.34 5.45£0.33 5.52+£0.38 5.49 £0.42 0.1 NS
30t day 6.10 £0.14 5.60 £0.47 5.58£0.35 6.11 £0.36 0.55NS
60t day 5.90x0.312  5.510.12b 5.53+0.13b 6.12 +0.402 0.35*

The small letters refer to significant differences between groups (P<0.05). Also, (NS) indicates
no significant differences; data are means +SEM.

Leukocytes (WBCs)

On the 30t and 60t day of the experiment, the high concentration tannin
group significantly showed a lower number of Leukocytes (WBCs) (P<0.05)
compared to the other groups; moreover, the mycotoxin group has also been
found the highest value, on the 30t and 60th day of the experiment compared
with the other groups in the experiment.
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Table 3. Effect of different concentrations of tannin extracts on the Leukocytes (WBCs
=x103 /pL)

Groups Control T1 T2 T3 LSD
Times
0 day 5.50 £0.6 5.00 £0.8 5.30+0.9 5.60 +0.7 0.70 NS

30t day 6.14 +1.022 6.85 £1.22 6.27 £1.42 5.29 £8.40P 0.82*
60t day 6.57 £1.11a 6.80 +1.32 6.10 £9.222 5.35 £0.2b 0.71*

The small letters refer to significant differences between groups (P<0.05). Also, (NS) indicates
no significant differences; data are Means +SEM.

Histopathological study

Liver sections

Figure (1/A) showed that the control rabbits revealed normal
parenchyma, no pathological lesion on each lobule of the liver, and a normal
central vein with a normal hepatic cord under light microscopy.

The most lesion recognized in liver infected with mycotoxin shown in
figure (1/B) as proliferation and infiltration of mononuclear cells in the portal
area and liver parenchyma cells, and congestion of hemolytic blood in sinusoid
lead to the presence of hemosiderin-like pigments, as well as, for necrotizing
of a high number of hepatocyte also showing degeneration changes and
deposition of fibrin-like materials with the proliferation of fibroblast, as well
as showing fatty change like in hepatocyte and also there is hemorrhage.

In figure (1/C), the severity of degenerative changes appears less than in
the infected wall, but the degenerative changes appear in hepatocytes
(granular degeneration) and infiltration of inflammatory cells (mononuclear
cell). However, in figure (1/D), the hepatocyte appeared normally, but there is
infiltration of inflammatory cells (mononuclear cells) in the portal area and
parenchyma of the liver, as well as, showing focal granulomatous lesion in the
liver parenchyma those adjacent to normal liver lobules (central vein with
hepatic cords).

Tannin has anti-inflammatory activities mediated by the alteration of
tissue cells. In figure (1/D), tannin improved the liver function related to
infiltration of inflammatory cells (mononuclear cells) in the portal area and
parenchyma, plus detecting the focal granulomatous in the liver parenchyma,
which is adherent to normal liver lobules (central vein with hepatic cords).
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Figure 1. Histopathological section of liver tissues in the male rabbits treated; (A) a
control group that shows (normal structure) no abnormal lesion noted in the central
vein (White arrow) and hepatic cord (Red arrow); (B) a T1 group shows infiltration of
inflammatory cells (mononuclear cells) in the portal area (Red arrow) and the necrosis
of hepatocytes (Black arrow), as well as the congestion of sinusoids (White arrow); (C) a
T2 group shows degenerative cells (white arrow); (D) a T3 group shows infiltration of
inflammatory cells (mononuclear cells) forming focal granulomatous lesion in liver
parenchyma (Black arrow) adjacent to normal liver lobules as central vein (white
arrow) with hepatic cords (Red arrow).

Kidney sections

The tissues of the kidney similarly exhibited no abnormal alterations for
the kidney. The rabbits in the control group had normal tissue and structure
and no lesions; they were fed clean food and water regularly, and their kidney
tissues were unaffected (Figure 2/A).

Infiltration of inflammatory cells (mononuclear cells) in the kidneys of
diseased rabbits fed a mycotoxin diet, as well as fibrosis and thickening of
blood vessel walls infiltrated by foamy cells, and blood vessel congestion with
hemorrhage. The glomeruli tuft was fragmented, and the epithelial lining of
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urinary tubules was degenerative and necrotizing in other sections (Figure

2/B).

Figure 2. Histopathological section of kidney tissues in the male rabbits treated; (A) a
control group shows (normal structure) no lesion or abnormal structure in the glomeruli
(Red arrow) and the tubules (White arrow); (B) a T1 group shows the vacuolation of
glomeruli tuft (Black arrow) and degenerative (Red arrow) plus necrotizing of epithelial
lining urinary tubules (White arrow); (C) a T2 group shows the mesangial cells of
glomerular tuft and widening of bowman space (Red arrow), as well as the degenerative
changes in epithelium lining of urinary tubules infiltration of an inflammatory cells-
mononuclear cell (white arrow); (D) a T3 group shows the mild vascular degeneration
(Red arrow), as well as the vaculation of mesangial cells of glomerular tuft (white
arrow).

Figure (2/C) demonstrated the severity looks less than vacuolation of the
mesangial cells of glomerular tuft and widening of bowman space in addition
to degenerative changes in the epithelium lining urinary tubules infiltration of
inflammatory cells (mononuclear cell).

Mild degenerative changes can be seen in this group that epithelial cells
lining urinary tubules showing mild vascular degeneration, as well as mild
vacuolation of mesangial cells of the glomerular tuft (Figure (2/D).
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DISCUSSION

According to Stock et al. (2000), tannin, like flavonoids, may produce a
rise in mean corpuscular hemoglobin concentration, especially in a group that
was orally administrated high concentration of tannin extraction, which is
responsible for the increase of RBCs in all treated rabbits after 30 and 60 days
compared to a group of low tannin concentration (125 mg/ml). In T3 group,
the high tannin concentration (250mg/mL) reduced the mycotoxins negative
effect as resulted from the absence of weakness and anemia, effects already
described by otehr researchers (Magouz et al. 2020). High concentration of
tannin considerably improved the hematological traits as compared with both
mycotoxin and low concentration tannin groups. Flavonoids attach to the
membrane of RBCs, reducing lipid peroxidation and, as a result, trigger
'hypotonic lysis." Tryptophan residue probably is where these antioxidant
effects take place. Antioxidant phytochemicals, such as tannins, on the other
hand, have been found to protect against oxidative damage. As a result,
antioxidant tannins may be effective in preventing the degradation of red cell
membranes as well as protecting against mycotoxin (Dakheel et al., 2021).

The oral administration of high tannins concentration (as 250 mg/mL) for
the group of experimental subjects receiving mycotoxin treatment may be
responsible for the lower WBC count in the blood. According to Abdel-Wareth
and Seddik (2014) results, the white blood cells (WBCs) are a crucial part of
the host defence system because they defend the body from bacteria, fungi,
parasite diseases, and viruses. In the current study, the difference in the
leukocyte profile was found between the two treatment groups of those
rabbits infected by mycotoxin plus (125 mg/mL) or (250 mg/mL); these
findings are similar with Hidanah et al. (2018).

Furthermore, in T2 and T3 groups with lower mycotoxin levels, the total
number of leukocytes decreased. This suggests that the irritating reaction
caused by mycotoxin infection has ceased as a result of tannin extracts'
capacity to suppress the mycotoxin, as tannin extract has also been
documented to have antifungal action (Goloshvili et al, 2021).

Histopathological sections

The liver has fundamental roles in the metabolism of drugs and a plant
product and thus is at a high risk of damage (Juodeikiene et al, 2018). These
pathologic changes observed in the histology of the liver could be due to the
contamination of the diet with mycotoxin and may also induced severe
damage to the liver structures (Ejiofor et al, 2021). In the low tannin group
(T2) the histopathological changes in liver and kidney were more evident than
in the organs of the animals receiving the highest concentration of tannins (T3

group).



A.A. Abdulhussein et al. 115

The severity of degenerative changes in liver tissue seems to become less
severe due to the tannin effect. Such histopathological changes were also
reported by another author following various herbal extract administrations
in experimental animals (Ruan et al., 2019).

The protective effect is attributed to its antioxidant and free radicals
scavenging properties; tannin has the ability to scavenge oxygen free radicals
and to inhibit the lipid peroxidation. The various degrees of histopathological
changes in the organs of rabbits administrated orally tannins showed their
suppressive effects against the mycotoxins. This is consistent with similar
reports on the protective effect of antioxidants (as curcumin contains
flavonoids) onthe cell walls of young ducks fed a contaminated diet by
Ochratoxin-induced impairment of intestinal barrier function and
histopathological changes (Saeed et al, 2012).

The greater part of absorbed mycotoxins is removed with urine, but
residues are accumulated in the liver, kidneys and muscles and pose a threat
to animal and human health (Kovalsky et al, 2016). The exposure to
mycotoxins results into infiltration of inflammatory mononuclear cells in the
kidney of intoxicated animals; these changes are associated with fibrosis and
thickening of the blood vessels walls by foamy cells infiltration, congestion of
blood vessels, fragmentation of glomeruli truft and degenerative and necrossis
of epithelial cells (Dakheel et al., 2021).

Histopathological changes were not observed in the kidneys of rabbits
administrated tannin orally (125 mg/mL) and were of lesser intensity
compared with the mycotoxin group; due to the low concentration of toxins
reached in kidneys and the findings of histological changes were not as
pronounced as it was in case of mycotoxin group (Hanske et al, 2021);
however, in the liver and kidney, chemicals might cause severe
histopathological alteration. According to Iglesias-De La Cruz (2001) findings,
the chemical caused significant toxic pathological changes and biochemical
disorders in rabbits.

Conversely, in a group of low tannin concentration, aflatoxins might cause
the severity to look like less than vacuolation of the mesangial cells of
glomerular tuft and widening of bowman space in addition to degenerative
changes in the epithelium lining urinary tubules infiltration of inflammatory
cells (mononuclear cell). The extent of mycotoxin-induced lesions in the liver
and kidneys is dose-dependent, according to Ruan et al. (2019). Due to the
properties of tannin, which had a beneficial protective effect on
histopathological changes in the kidney of rabbits administered orally tannin
125 mg/ml, this research noted minor degenerative changes in the kidneys for
the lowest concentration of tannin compared to the high concentration of
tannin.

Administration of the high concentration of tannin induced mild
degenerative changes: mild vascular degeneration of the epithelial cells lining
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urinary tubules as well as mild vacuolation of mesangial cells of the
glomerular tuft.

However, the nephron-protective property of the extract was therefore
confirmed by significant improvement of the kidney architecture by reversing
the nephrotoxic effects of mycotoxin such as glomerular congestion,
interstitium with inflammatory cells, tubular necrosis, and others (Omar,
2018). Although the possible mechanism of its protection against mycotoxin-
induced nephrotoxicity was not studied in the current study, the protective
effect of the extract may be mediated through antioxidant and/or free radical
scavenging activities. This is in accordance with Satrasala et al. (2021) who
concluded that the high concentration of tannin is likely to be the cause of the
observed bioactivity. Additionally, tannins have already been shown to have
significant stabilizing effects on the lysosomes of experimental animals in vitro
and in vivo (Dakheel et al, 2021).

CONCLUSION

According to the current findings, tannin extracts modify the
hematological parameters, in particular at the highest concentration used in
the study (250mg/mL b.w); signifficant differences were obtained for RBCs
and WBCs counts, but no significant variation was observed in hemoglobin
levels. In addition, both tannin extract concentrations inhibited mycotoxin
symptoms in rabbit liver and kidney tissues. When tannin extracts were
administered orally to rabbits fed a mycotoxin-contaminated feed, they
improved substantially their wellbeing.
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