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Abstract

Z. Sova, Hana Pohunkov4d, Hana Reisnerovi, AlZbéta Slimovi,
K. Haisl: Hematological and Histological Response to the Diet Containing Aflatoxin B,
and Zeolite in Broilers of Domestic Fowl. Acta vet. Brno, 60, 1991: 31—40:

The experiment was performed on twenty nine healthy broilers from the school
farm. The birds were divided into four groups: control group I, group II fed with
diet to which 5 9, of zeolite . kg~ was added, group III fed with diet containing.
5 % of zeolite and 2.5 mg of aflatoxin B, . kg !,and group IV fed with diet with only
2.5 mg of aflatoxin B, . kg-. Three or four broilers from each group were killed
after five and twelve days of the experiment. Broilers in the group IV showed both.
serious heterophilia and lymphopenia. In the group III this shift was not so evi-
dent. In both groups III and IV features of acute alteration of liver parenchyma char--
racterized by the activation of Kupffer’s cells and by dilatation of bile canaliculi and
cholestasis were found. Similar focal changes were revealed also in liver tissue of’
broilers in the group II after twelve days of experiment. Results obtained suggest not
only that the addition of 5% of zeolite . kg— to the food does not protect liver tissue
against toxic effects of aflatoxin B, but also that zeolite itself is not harmless for broilers.

Broilers, zeolite, aflatoxin By, hematology, liver histology

Aflatoxins, with their hepatotoxic and nephrotoxic effects belong to the most toxic mycotoxins:-
(Mollenhauer et al. 1989); they may affect the hemopoietic organs, the nervous system or re-
productive organs (Hafez et al. 1979; Clarke et al. 1986; Sova et al. 1989). Aflatoxins specifi--
cally affect the DNA of hepatic cells what is taken for critical target for initiation of carcinogene-
sis (Chu 1977; Stark 1980). Aflatoxins may affect also the immunological processes and reduce-
resistance of the organism particularly against infection (Edds 1983). Aflatoxin B, (AFB,) is a my--
cotoxin with really worldwide distribution and that has made it an unavoidable food contaminant. .
Great effort has been paid to find an effective way for decontamination of the feed-stuffs. Econo-
mically acceptable possibilities of decontamination of food-stuffs infected with mycotoxins have
been investigated under conditions of agricultural large—scale production. One of the substances -
potentially perspective for this purpose is believed to be zeolite. Zeolites are hydrated crystalline
aluminosilicates of cations of alkaline soils obtained from natural sources (clinoptilotite) or prepa-
red artificially (permutites). They are usually used for adsorption of gases, in civil engineering,.
medicine, pharmacy and in water management. In agriculture, zeolites have been used to lesser-
extent mostly for the improvement of zoohygienic conditions (removal of odours), as bedding
for animals, and for the prevention of diarrhoea in young animals. The use of zeolites as feed addi~
tives for various animals (incorporated in feed mixtures) is being tested. Bartko and Vrzgula.
(1981) used zeolite from the locality Nizny Hrabovec for preparation of feed mixtures for pigs,
cattle and broilers and they claimesd to have obtained good results both in performance and feed
conversion. On the contrary Koé&i (1984) stated that the addition of 4 % of zeolite to the feed
mixture for broilers caused a significant depression of growth and impaired utilization of the feed;:
but the addition of 2 to 3 9, of zeolite to the feed mixture improved fattening. Sova et al. (1988)-
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studied the effect of the addition of 2 %, of zeolite to feed mixtures for broilers containing aflatoxins
-on metabolic liver tests. They proved that 10 days of feeding the mixture containing 97.5 ug of
AFB, and 98.8 ug of AFG, with 29, of zeolite . kg~* did not affect the values of the metabolic tests.
Mizik et al. (1989) studied the decontamination effect of zeolite in rats and found, that
feeding a diet with a 2.5—5.0—10.0 %, of zeolite caused increased excretion of 3¢Cs via faeces and
-decreased deposition of this radionuclide in the tissue. Dvofdk (1989) studied the adsorption ca-
pacity of zeolite and bentonite with regard to aflatoxin in fluid media in vitro. According to his
findings average retention of aflatoxin in adsorbents was 66 %, in bentonite and 60 % in zeolite
-of the original content in the media respectively.

Materials and Methods

The experimental animals (Hybro broilers, 42 days old) were obtained from the school farm of
‘the University of Agriculture in Prague as well as commonly used feed mixtures. These clinically
‘healthy broilers from the farm were chosen intentionally in order to simulate as well as possible
conditions of use of zeolite in practice on farms. During the one-week adaptation period and al-
30 during the experiment, the animals were fed feed n.ixtures BR1 and BR2. Absence of AFB,in
these feed mixtures was checked by means of RIA methods. Ani ~als were provided with water
ad libitum. Tab. 1 shows the initial arrangement of animals in the experimental groups (I—1IV).

Zeolite originated from NiZny Hrabovec and its composition was as follows: 65—70 % SiO,,
11.8—12.8 % AlO,, 1.3—3.9 9% Ca0, 0.9—2.6 % Fe;0,, the content of the other oxides was lower
than 1 %, the content of Pb, Cd and As was lower than 1 mg . kg-!, and the content of clinoptilo-
tite in it was 42—61 %,.

Table 1
Division of broilers into groups

Numerical indication of the

Group Feed mixture and addition n killed broilers
" after 5 days after 12 days
1 control 6 1, 2,3 15, 16, 17
BR; + BR; mixtures
II BR, + BR, mixtures 7 4,5,6 18, 19, 20, 21
+5 % of zeolite
III BR, + BR, mixtures 8 7, 8,9, 10 22, 23,24,25

+5 9% of zeolite

+2.5 mg AFB, . kg™
v BR,; + BR, mixtures 8 11,12, 13, 14 | 26, 27, 28, 29
+2.5 mg AFB, . kg™

Aflatoxin B, was isolated from the highly toxicogenic strain of Aspergillus flavus at the Institute
of Hygiene and Epidemiology in Brno.

Broilers in four groups (each of 6 to 8 animals) were fed 5—12 days with diet, which in group
I did not contain any additive. In the group II, 5 % of zeolite . kg-! was added to the feed mixture;
5 % of zeolite and 2.5 %, of AFB,.kg-! of feed mixture was added for group III, and for group IV
only 2.5 mg of AFB, . kg

Blood smears were stained according to Giemsa — Romanowsky. The value of hematocrit (Ht)
‘was determined by means of microhematocrite method and that of hemoglobin (Hb) by hemoglo-
bin-cyanide method. The liver tissue was fixed in 4 % formaldehyde and processed for routine
histology. Sections were stained with hematoxylin and eosin. In addition to that periodic acid
Schiff method for glycogen and Lillies‘ technic for Fe®+ and Fe?+ bearing pigments were used.

Primary magnification of the pictures is x 40.

Results and Discussion

The results of hematological investigation are included in Table 2. In the con-
trol group I the values of Hb, Ht and leucograms obtained during sampling
throughout the experiment ranged within basic physiological values, and were
in accordance with results of Mohiuddin et al. (1986) and Pegram et al. (1986).
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Table 2
Selected values of h logical observations in broilers in the course of the experiment
Group 1 Group 11 Group II1 v Group IV
. after after after after after after after er
Indicator | 5 days 12 days Sdays 12 days 5;§}sof zeollifedi“ 5 days 12 days
1 o —1
coqfro 5 % of zeolite 2.5 mg AFB, . kg-! 2.5 mg AFB, . kg
Hk (1.17Y) 0.37 0.33 0.35 0.33 0.32 0.34 0.34 - 033
+0.01 +0.03 40.03 40.01 +0.02 +0.03 +0.07 +0.03
Hb 6.07 5.3 6.39 5.5 7 5.33 6.15 5.85
(mmol .1-%) +1.27 +0.26 - +0.38 +0.46 +1.06 +0.36 +0.41 40.17
leukogram
He 32.3 323 30.3 325 58.3 61.5 62 65
+1.2 +2 +0.5 +2.2 +1.9 +1.6 +0 +0.7
{ Ly 59.7 60.3 58 57 34.8 30 29 27.5
+2 +2.5 +1.4 +0.7 +1.6 +1.2 +1 +0.5
Eo 2.6 2.6 3.7 4.7 5 7 6.8 53
+0.5 +0.5 +0.5 +0.8 +0.7 +2 +0.4 +1.1
Ba 1 0.7 1.7 0.7 0 0.25 0.5 0.25
+0.8 +0.5 +0.9 +0.8 +0.4 +0.5 +0.4
Mo 4.7 4 6.3 5 2 1.3 1.8 1.8
+0.5 +0 +0.5 +0.7 +1 +0.4 +0.4 +0.8

Similar findings were obtained in group II, and they virtually did not differ
from the results gained in group I. Thus we concluded, that the addition of 5 %,
zeolite to the diet for 12 days did not affect the values of Hb, Ht and leucogram.
But also only minute differences in the values of Hb and Ht were found in the
group III. On the contrary the values of leucocyte count in this group differed
largely. Both in group III and IV heterofilia was increased even doubled com-
pared with groups I and II. In between the 5th and 12th day a increase of hete-
rofilia continued. This effect was in accordance with the contents of 2.5 mg
of AFB, .kg! in the diet. Similar results obtained Campbell et al. (1982)
and Jeffers et al. (1986) in experiments in poultry, and Sova et al. (1988) in
hamsters. Increase of heterophils in groups III and IV was accompanied by
severe lymphocytopenia (to about 50 9, of the initial values) with further de-
crease of lymphocytes in between the 5th and 12th days of experiment. Hetero-
philia and lymphocytopenia were worse in group IV than in group III. This
difference seems to support the idea of favourable effect of zeolite used as an
additive, too. However, further comparisons of values of leucograms showed that
counts of eosinophiles were also in group III nad IV roughly doubled and the
number of monocytes was decreased. Eosinophilia occurs generally in parasitic
infestations and in allergic reactions. In this case it might be a result of an allergic
reaction to the presence of mycotoxin. Lymphocytopenia is characteristic of
many antibody-deficiency syndromes. Increase in the number of heterophils
might indicate a tendency of the organism to compensate for the decrease of
its resistance. ' "

. Histopathology of liver: Livers of broilers of group I showed some minute,
predominantly monocellular foci of disintegrating cells. In the vicinity of these
foci (mostly in the central regions of the lobuli) dilated bile canaliculi and hepato-
cytes with vacuolated cytoplasm and bile pigment were found. The bile ducts
“did not manifest greater change but non-purulent infiltrates in connective tissue
in their vicinity were found. The blood capillaries were only héré and there
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Fig. 1 (Group II — an addition of 5 9%, of zeolite only) after 5 days. The surrounding of liver
bile duct: 1 — edematous bile duct; 2 — dilated sinusoids; 3 — minute infiltrates

Fig. 2 (Group II — an addition of 5 % of zeolite only) after 12 days. Portobiliary space of liver
with large bile duct: 1 — bile duct; 2 — peribiliary infiltrate non-inflammatory: 3 — activa-
ted stellate (Kupffer’s) cells



Fig. 3 (Group III — an addition of 5 % of zeolite and 2.5 mg AFB, . kg-* of the feed ratio
after 5 days. Portobiliary space of liver and surroundings: 1 — bile duct; 2 — vacuolization of cy-
toplasm of hepatocytes; 3 — round cellular infiltrate in the interstitium; 4 — diffused granular
dystrophia of hepatocytes

sliglrlltlyl dilated. These findings bear evidence of previous.subclinical irritation
of the liver.

Group II — Fig. 1 (after 5 days of experiment). Among the majority of the
hepatic cells with finely granular cytoplasm, perinuclear clear areas, and pigment
in the cytoplasm, dispersed foci of decaying cells were observed. The bile canali-
culi were unchanged. The blood capillaries were slightly dilated and contained
variable amount of eosinophils. The epithelium of the bile ducts was slightly
oedematous, otherwise unchanged. In the peribiliary connective tissue a non-pu-
rulent infiltration was found. Group II — Fig. 2 (after 12 days of experiment):
Unicellular necrosis of the hepatic cells were observed. The cytoplasm of hepa-
tocytes was distinctly granular and in some of them bile pigment was present.
In the vicinity of damaged cells bile canaliculi were dilated. Oedema of the epi-
thelium of bile ducts was also observed. Sporadic eosinophils were found in
widened blood capillaries. The peribiliary infiltrates were not inflammatory.

Group III — Fig. 3 (after five days of experiment): Focal necrosis of the he-
patic cells as well as the cells with extensive clear areas in their cytoplasm and
cells with pigment were also characteristic for liver of broilers fed diet with
zeolite and AFB,. The periphery of the hepatic lobules was in some places
somewhat better preserved. Epithelium of the bile ducts was damaged unevenly.
Some bile ducts were virtually unchanged. The peribiliary infiltrates contained
here and there also eosinophilic granulocytes. Eosinophils were frequently found
also in blood capillaries. Group III — Fig. 4 (after 12 days of experiment). All
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Fig. 4 (Group III — an addition of 5 9, of zeolite and 2.5 mg AFB, . kg™ of the feed ration) after
12 days. The surrounding of hepatic bile duct.
1 — Bile duct; 2 — dilated sinusoids; 3 — monocellular necroses

Fig. 5 (Group IV — 2.5 mg AFB, . kg of the feed ration) after 5 days. Serious damage of hepatic
cells around bile duct: 1 — bile duct; 2 — disintegration of hepatic cells; 3 — round cellular infiltrate
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Fig. 6 (Group IV — 2.5 mg AFB, .kg™? of feed ration) after 12 days. Portobiliary space of liver.
1 — bile duct; 2 — numerous foci of peribiliary infiltrate; 3 — monocellular necrosis of hepa-
tocytes.

hepatocytes were severely damaged. Monocellular and focal necrosis were fre-
quently observed, as well as great differences in the stainability of the hepatic
cells. In the majority of hepatocytes also bile pigment occurred. Sporadic mitoses
were found in the vicinity of focal lesions. The bile canaliculi were mostly wi-
dened. In the smaller bile ducts an oedema of the epithelium, even closures of lu-
men were observed. In the hepatic sinusoids numerous eosinophils were seen.
Lymphohistiocytic infiltrate was found both in the peribiliary connective tissue
and in the lobular tissue.

Group IV — Fig. 5 (after 5 days of experiment). The hepatic cells were da-
maged especially on the periphery of the lobules. In the granular cytoplasm
of hepatocytes extensive clear areas appearde. The bile canaliculi were widened.
Eosinophils were frequently seen in blood capillaries. Peribiliary infiltrates were
non-purulent. Group IV — Fig. 6 (after 12 days of experiment). Monocellular
and focal necroses of hepatocytes were frequent. The appearance of the cytoplasm
of hepatocytes was granular. On the periphery of the lobules sporadic mitoses
and binucleic cells occurred. Eosinophilic granulocytes were often found in blood
capillaries. Increased activation of Kupffer’s cells was seen. The bile canaliculi
were dilated, but the oedema of the epithelium of the bile ducts was uneven.
Frequent foci of non-purulent peribiliary infiltrates were observed as well as
minute foci of infiltrates in the parenchyma.

Similar.changes in liver tissue after administration of various doses of aflatoxin
B, described Sova et al. (1988) and Dafalla et al. (1987). Besides of our previous
study (Sova et al. 1988) dealing with effect of an addition of 2 9, of zeolite to



38

the diet with mycotoxin the parallel effect of zeolite and mycotoxins on the struc-
ture of liver tissue has not been studied. Because the low concentration of zeolite
in our previous study was found to be not sufficient for effective protection of -
liver in the actual experiment a higher concentration (5 %,) of zeolite was used,
but again with no effect.

Accumulation or depletion of glycogen was not observed by means of periodic
acid Schiff method. Lillies’ technic for Fe-bearing pigments brought positive
results only in Kupffer cells in group III and IV.

Our results indicate that although the hematological values found in group
II were within the physiological range, the histopathological findings in livers
of broilers in group II and III brought doubts about protective effect of zeolite.
And the results obtained in group II also suggest that zeolite itself in 5 9, con-
centration added to the diet of broilers is not harmless.

Hematologickd a morfologickd odezva u broilerd na adici zeolitu do
diety obsahujici aflatoxin B,

V pokusu bylo 29 klinicky zdravych brojlert z provoznich podminek $kolniho
zévodu, rozdélenych do 4 skupin po 6—8 zvifatech: I. sk. — kontrolni, II. sk. —
adice 5 9%, zeolitu, III. sk. — 5 9, zeolitu a 2,5 mg AFB, . kg diety, IV. sk. —
jen 2,5 mg AFB, . kg diety. Zvifata byla zabijena 5. a 12. dne pokusu. U IV. sk.
doslo k vyrazné heterofilii a lymfopenii, ve III. sk. byl tento posun mirn&jsi.
Ve viech histologickych nélezech (véetné I. sk.) byly zjiStény znamky v minulosti
probéhlého, mirného subklinického poskozeni jater (kulatobunéfné infiltraty
v portobilidrnich prostorech, histiocytové resorbéni uzliky). V jaternich sinusoidech
III.—1IV. sk. byl prokizin znalny vyskyt eosinofilti, u II. sk. byl kolisavy. Pfi-
tomnost AFB, v diet¢ (III. a IV. sk.) vyvolala akutni poSkozeni jater charakte-
ristické silnou aktivaci hvézdicovitych (Kupfferovych) buagk s nejvétsim vyskytem
po 12 dnech u IV. sk., kde byla rovnéz prokazana nejvyraznéjsi cholestasa ve zZlu-
Covych kapilarich. Shodna cholestasa byla i u IV. sk. po 5 dnech a III. sk. po
12 dnech. Loziskovité nalezy cholestasy byly nal:zzny i u II. sk. (jen adice 5 %, zeo-
litu) po 12 dnech. Bylo zji$téno, Ze adice 5 %, zeolitu do diety, kontaminované afla-
toxinem B,, netvofi spolehlivou ochranu pfed toxickym poSkozenim jaterni tkané.
Z histologickych nalezt II. sk. je patrné, Ze i samotny 59, dopln€k zeolitu neni
pro organismus zcela neSkodny.

Fematonoruuecknii U mopdonornueckuii oTBer y 6poiinepos Ha fauy
5 % 3eonuta B AMeTy C cogepxaHuem adpnaTtokCuHa

B xoae akcnepumeHTa uUccnepoBanu coaepxaliuxcs B yuxose 29 knu-
HUWUECKU 340pOBbIX GpoitnepoB, pa3aeneHHbix B 4 rpynnbl, B KaXpoh u3
KOTOpbIX HacuuTbiBanoch 6 - 8 ocobeit: | rpynna - kKoHTponbHas, Il rpynna
- paua 5 % 3eonuta, Il rpynna - 5 % 3eonuta u 2,5 Mr acnatokcuHa
Bikrl auetbl 1Y rpynna - Tonbko 2,5 mr adnatokcuHa Bi.kr-l guerbl.
Bpoiinepos ymepwsnsann Ha 5 u 12 cytku akcnepumeHta. Y Y rpynns Ha-
6nloaanucb UeTKo BblpaXeHHble retepodunua u numdonenus, 8.1l rpyn-
ne 6bin AaHHbIW CABUI YCTaHOBNEH HECKONbKO MeHbuie. Mo rucronoruue-
CKMM aHanu3am Bcex rpynn (ekniouas 1 rpynny) 6bin0 ycTaHOBNEHO Npo-
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#icwejwee B NpownoM Hebonblwoe CyO6KNMHUUECKOE NOBpEeXAEeHUe NeueHu
(kpyrnoknetouHble WHMUALTPAaTLI B NOPTOGMNMAPHOM NPOCTPaHCTBE,
TUCTUOUUTapPHbIE pe30pOUUOHHble y3enku). B cuHycoupax neuenn il - 1Y
Fpynn yCTaHOBWUAM 3HAUUTENbHOE UYMCNO 303uHOMMUNOB, y Il rpynnbl pan-
Hoe konnuectso kone6anocb. lMpucyrcreue adnatokcuHa Bi B puete (Il
w IY rpynnbl) Bbi3BaNo OCTPOE NOBPEXAEHUE NEUeHWU, XxapakTepHoe 60onb-
10 aKTMBHOCTbIO 3Be3AuaTbiXx (KYNdepoBCKHUX) KNETOK C MaKCUManbHbIM
yucnom nocne 12 cytok B 1Y rpynne, B KOTOpPOi O6bln YCTaHOBNEH TaKXe
CaMblii BbIpa3WTENbHbI XONectas B XENUHbIX Kanunanspax. AHanoruyHbli
xonecTta3 Habnioganu Takxe y |Y rpynnsl nocne 5 cytok u Il rpynnbi nocne
12 cytok. Ouaru xonecrtasa 6Gbinu HaWAeHbl Takxe y |l rpynnb (paua ToNb-
ko 5 % 3eonuta) nocne 12 cytok. Bbino ycraHosneHo, uto gaya 5 % 3eo-
MTa B AMETY, KOHTaMWUHUPOBaHHYIO adnatokcuHom Bi1, He sBnseTcs Ha-
AEXHOW 3allMTO OT TOKCMUECKOro NoBpexAeHus TKaHu neueHuU. Ha ocHo-
BE rucTonoruyeckux aHanusos |l rpynnol s8HO, uto co6cTBeHHas 5 % paua
3e0/NMTa He SBNAETCA AN OpraHusMa CoBeplieHHO 6e3BpesHOW.
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