


BIOCHEMICAL STUDIES ON AFLATOXICOSIS

Until all the toxins produced by the various species of this ger—s v
adequately characterized by chemical means, it is suggested that a com
of this nature produced by Aspergillus species be referred to collectively as *
gillins ” and that the name ‘ aflatoxins ” be restricted to the toxins of A.
This practice will be followed in the text of this paper.

MATERIALS AND METHODS

The toxicity of the groundnut cake meal used throughout this investi
was controlled at regular intervals by thin layer chromatographic techniq Ve
by Coombs & Sanders (1963). Silica gel was used for the preparation >
instead of alumina.

The ground nut cake meal was finely ground and specimens for analy
taken with a sampling device from at least five different sites in each bag «
These samples were then thoroughly mixed and assayed for aflatoxin conter
cake meal used in this work contained 8 ppm of B; aflatoxin.

All control groups of Pekin ducklings, New Hampshire, White :ghorn, C
Game and Rhode Island Red chickens were given a standard chicken  1s
from groundnut cake meal, while the chickens and ducklings plared on toxic r
were given the same basic diet except that groundnut cake me was added t
a final aflatoxin concentration of 0-5 ppm in the ration.

The chickens used were all housed in electrically heated battery cages
control groups of the different breeds of chickens were kept together to
consumption of identical rations and those used in the toxin trials were kept t
in a similar manner. The Pekin ducklings were housed separately under ic
conditions.

The investigation commenced with day-old birds and seven to ten days
the first of the control and test birds were killed for biochemical and histopathol:
investigation. Thereafter birds were slaughtered at weekly intervals until th
of each particular experiment.

Blood specimens were collected immediately prior to slaughter and the
removed immediately afterwards. All determinations and assays were com;
as soon as possible after collection of material. Liver specimens from each :
of birds were examined macroscopically and then preserved for subsequent
pathological study.

All enzyme assays performed on liver tissue, excepting that of cytochr
reductase, were carried out with 10 per cent homogenates in ice-c  10-25] s
solution. These were made in an all-glass manual Potter type homogenizer.
homogenizing medium used for cytochrome ¢ reductase estimations was as sp:
in the original method cited below. All homogenates were kept in ice-baths a
during use.

Potassium ox .te was used as the anticoagulant for those specimer
on which the activities of certain enzymes present in plasma were de

The methods used for the assay of both liver and plasma enzymes .
determination of 1  various blood constituents studied are listed in Ta
abbreviations used tor the names of certain enzymes in the text which
also given in this table,
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\BLE 4.— Ducklings: Mean values for the activitics of certain liver enzy1 N
apparent differences between control birds and those on toxic mash at the
of four weeks. (The figures in the column represent units enzyme/100 r
of fresh liver).

Groups SD ‘ Cyto-c-red / DPN-ase - Diaphorase ATP-ase
Control birds............ 370 | 176 13 |oTa2 356
2-36 | 606

Affected birds........... ! 267 / 0-67 | 1-87

From the results of this preliminary work the more detailed experiment  sc1
earlier under ‘° Materials and Methods ” was planned. Biochemical studies
confined to the enzymes appearing significantly affected and to the apparent anas
and disturbances in plasma protein levels.

The most significant variations between control and poisoned ducklings
seen in the activities of liver SD and cyto-c-red. Figures 1 and 2 are represent
of the results obtained from assays of these two enzymes throughout the test pe
The difference between the two groups of birds was again most st1  ing fron
fourth week of intoxication onwards.

300F
xo
280fF
2604 x x X
X
240+
X
X L] X X
220
[ ]
200}
. . i) Fi1G. 1.—Ducklings: succi
£ sk hyarogenase activity ir
=) (Enzyme activity is exprg
its/1 s .
reok . P ° . uDltS/ 00 mgm of fresb 11vc1;
140F x
oo 22
120} o
oot .
801
1 il i —
10 20 30 —v
Days

124



J. M. M. BROWN anp L. ; AMS
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Liver SD activity  affected birds was particularly low towards the end »f the

st period while that ot cyto-c-red was consistently lower than in the contr.  birds

au g the first three weeks of intoxication but rose towards the end of the experiment.

The activity of this latter enzyme, as illustrated in Fig. 2, appeared to decline some-
what in normal ducks after about three weeks of age.

Little significant difference could be detected between affected and contr
ducklings throughout the test period with regard to liver diaphorase activity. The
values found for DPN-ase were on the whole lower in affected bir  than in the

rols from about thirty days onwards. The apparent elevatic  of this enzyme,
seen in birds on toxic mash in the previous experiment, were not discern¢  in this work.

Values for the various blood constituents determined at different times throughout
the test period are presented in Table 5.

A moderate anaemia was evident at six weeks of age in ducklings maintained
on the toxic test ration. This is readily appreciated by comparison of the fionres
for Hb and H-crit obtained from the two groups of birds. The affected <8
moreover showed evidence of a marked and sustained hypoproteinaemia througnout

e experiment, the difference between these and the control birds being particularly
clear at eight weeks of age.

The electrophoretic pattern of plasma proteins revealed a striking difference
wveen control and affected ducklings which became more exaggerated as the
xication progressed. This difference is readily appreciated by studying Fig. 3,
1d 5 which depict electrophoretograms representative of the two groups of birds.
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Interpretation of the results was rendered difficult owing to a considerable ¢
to day variation in the figures obtained from the control birds (New Hampshire!
The reasons for such fluctuations have been discussed. It was, therefore, decid
to express the mean  [ures obtained from the experimental birds at each individual
assay as a percentage of the mean figures obtained from the control birds on that
particular day. Before making this calculation the numbers of figures used from
experimental and control birds were equalized by random selection from resu
from the greater group. The results obtained in this manner are presented

tble 9.
(

A study of this table shows that, as in the case of the affected ducklings, !
activity was markedly depressed in New Hampshire chickens maintained on to
mash for the first thirty-five days of the test period. Unlike the affected ducklin
however, these chickens revealed markedly lowered liver diaphorase activity parti

irly during the latter stages of the experiment. The liver cyto-c-red activity was
generally lower than in the control birds throughout the test period. Up to thirty-fi
days DPN-ase activity was also generally lower in the livers of affected birds. Tt 1s
noteworthy that at forty-two days the values for SD, diaphorase and cyto-c-
peared to be higher than the values obtained from the control birds of this
oroup.  Whether this is of any significance is difficult to decide at this stage, si
number of birds concerned was small.
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(h) Studies on the mitochondria of livers from New Hampshire chickens or Aduck-
« s affected by aflatoxin: The mitochondria in avian liver cells when stainc  with
iron haematoxylin, carbol-acid fuchsin, light green or Mallory’s pho hotunsestic
¢ -haematoxylin, normally show up as minute granules surrounded by a clear
I ictory to staining. The nature of this halo was not determined in the pr
s .

In acutely affected chicken livers the central granule and its surrounding halo

are about twice as large as normal. These changes are seen mostly in cells at the
phery of lesions. Some cells within the lesions show only slightly sw 3n
schondria, while others ¢ _ ar normal.

In chronic cases of the disease the increase in size of the mitochondria of affected
cells is more obvious (generally about a three-fold increase in size) and all er
cells appear to be similarly affected.

No evidence of disruption of the double membrane structure of affected mito-
chondria could be seen w 1 the oridinary light microscope. As these bodies are
just about at the limits of resolution of this instrument, it is obvious that they will
have to be studied by electron microscopy.

In the normal cell of the duckling liver the mitochondria are distributed in a
r ilar fashion throughout the cytoplasm and have the same appearance with the
auwerent staining techniques used, as those of chicken liver cells.

A two-fold enlargement of the mitochondria is visible in liver cells of affected
ducklings but, unlike the affected chicken livers, there appears to be a marked aggre-
gation of these bodies in that area of the affected cells nearest to the bile canaliculi.
A distinct increase in the number of mitochondria could also be seen in some of the
liver cells bordering on obviously affected cells.

DISCUSSION

Although the chemistry of the aspergillins and their possible role as carcinc s
have evoked universal interest, a search through the available literature has brc it
very little to light regarding their possible mode of action on the metabolic sy: s
of cells in general.

From the results obtained in the experiments described above it may be inferred
that the primary site of action of these toxins is on metabolic systems located in the
mitochondria and particularly on dehydrogenases like SD and Glyc-P-D, the electron

ansfer chain and oxidative phosphorylation mechanisms. It is notewor y that
m both ducklings and New Hampshire chickens there is little evidence of disturbances
in glycolysis via the direct Embden-Meyerhof pathway., Most, but not all, of the
glycolytic enzymes are located in the cytoplasmic sap except in the brain, the mito-
chondria of which contain a full complement of glycolytic enzymes and co-fa s
{Gallagher, 1964). Although some of the enzymes and co-factors of cellular respi-
on occur in other parts of the cell as well as in mitochondria, it is only in the latter
structures that all of the respiratory enzymes, co-enzymes, co-factors and associatc
tron transfer systems occur together and only the mitochondria can perform
vital function of oxidative phosphorylation.

Whether the lowered activities of SD cyto-c-red, DPN-ase, cyto-b, etc., are due
tn direct physical damage of the mitochondria, uncoupling of oxidative phosphory-
ition or direct inhibition of certain members of the electron transfer chain is not :
ail clear at the moment. Sporidesmin, the toxin produced by Pithomyces chartarum,
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FiG. 14.—Plasma proteins; paper electro-
phoretogram.  Leghorn chicken. In-
fectious bronchitis.

~N /

F1G. 15.—Plasma proteins; paper electro-
phoretogram. Leghorn chicken. Chronic
respiratory disease (avian mycoplasmosis).

It is suggested that, until proved otherwise, determinations of = 2, aper
electrophoresis of plasma proteins and assays of liver SD and cyto-c-red aciivi
may prove valuable diagnostic aids in instances where aflatoxicosis is suspected,
especially prior to structural changes being evident in the liver. It is also possil
that this work could serve as the basis for a useful biological assay for the aspergilli
Such a use for this work has been demonstrated in the experiments described earlier
in connection with the feeding of dairy or poultry products to test birds.

141















