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ABSTRACT 

NEITZ, A. W. H., PROZESKY, L., BEZUlDENHOUT, J . D., PUTTERILL, J . F . and POT
GIETER, D. J. J. 1981. An investigation into the toxic principle in eggs of the tick Amblyomma 
hebraeum. Onderstepoort Journal of Veterinary Research, 48, 109-117 (1981). 

A purification procedure involving iso-electric focusing by means of which a toxic principle may 
be obtained in a pure form from crude egg extracts of Amblyomma hebraeum is described. The mole
cular mass of the toxin is approximately 10 000 according to sedimentation equilibrium sedimenta
tion, Sodium dodecyl sulphate (SDS) gradient gel electrophoresis and calculations from the amino 
acid composition. Non-competitive proteinase inhibitory activity was found to be associated with 
the toxin. Histopathological lesions, observed in guinea-pigs inoculated with crude egg extracts or 
the purified toxin, included the following : focal areas of necrosis in the liver, with mineralization and 
oedema of the mucosa of the urinary bladder, and vacuolation of the lining epithelium. The genesis 
of the lesions in the various organs appears to be vascular. 

Resume 
UNE INVESTIGATION DE L'AGENT TOXIQUE DES OEUFS DE LA TIQUE AMBLYOMMA 

HEBRAEUM 
Un procede de purification comprenant une concentration iso-electrique, au moyen duque/ un 

agent toxique peut etre obtenu dans sa forme pure a partir d'extraits d'oeufs crus d'Amblyomma 
hebraeum, est decrit. Le poids mo/ecu/aire de Ia toxine est a peu pres 10 000 suivant /'equi/ibre de 
sedimentation, /'electrophorese a gradient de dodecyle sulphate de sodium (SDS) gelose et /es calculs 
de Ia composition d'acide amines. Une activite inhibitrice d'une proteinase non-competitive fut trouvee 
etre associee avec Ia toxine. Des lesions microscopiques suivantes furent observees chez /es cobayes 
inocu/es avec des ex traits d'oeufs crus au de toxines purifiees: Foyers de necrose hepatique, ca/sification 
et oedeme de Ia muqueuse de Ia vessie et vacuolation de /'epithelium. Les lesions dans /es organes 
differents apparaissent etre d'origine vasculaire. 

INTRODUCTION 

Interest in the toxins present in the eggs of ticks 
stems largely from their possible bearing on toxins 
associated with tick toxicoses (Regendanz & Reiche
now, 1931). Furthermore, the characterization of tick 
toxins is a prerequisite for the investigation into the 
possible symbiotic or commensal prokaryotic origin 
of the toxins and tick-microbial symbiotic associations 
in general (Koch, 1960; Houk & Griffiths, 1980). In 
addition, a chemical analysis of the composition of 
tick eggs and the associated biological activity of the 
individual components may lead to a better insight 
into the biochemistry of oogenesis, embryogenesis 
(Schwemmler, 1974), tick metabolism and selective 
antimicrobial defence mechanisms of ticks and tick 
eggs (Garibaldi, 1960; Lackie, 1980; Board & Fuller, 
1974). 

Toxins have been shown to be present in whole 
body extracts (Murnaghan, 1958) and in salivary 
(Howell, Neitz & Potgieter, 1975) and possibly in 
coxal secretions (Patton & Evans, 1929) of ticks. 
Furthermore, they have been shown to be present in 
the eggs of 17 species of ixodid ticks (Riek, 1957). 
Because few attempts have been made to isolate and 
characterize the toxins, a comparison of their struc
tures and of the symptoms they produce has hitherto 
been impossible. 

The present study was designed to investigate 
systematically the structures and biochemical activi
ties of toxins and other components present in the 
eggs of different tick species. 

Amblyomma hebraeum was selected as the first tick 
species to be investigated, since these ticks are rela
tively easy to breed and their eggs can be collected in 
fairly large numbers. 
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This paper describes a procedure by means of 
which a pure toxic component in the eggs of A. 
hebraeum may be obtained as well as some charac
teristics regarding its structure. Several proteinaceous 
components present in the eggs have been found to 
have proteinase inhibitory activity. This activity was 
also found to be associated with the toxin. The 
kinetic properties have been studied, the results of 
which are also described in this paper. In addition, 
the prominent symptoms and microscopic pathologi
cal changes resulting from the introduction of crude 
egg extracts as well as the purified toxin and other 
egg components into test animals are reported. 

MATERIALS AND METHODS 

Tick eggs and preparation of crude egg extracts 

Fifty female A. hebraeum ticks were allowed an 
uninterrupted period of 20 days for oviposition at 
28 oc in 70~80% relative humidity. The eggs (60,3 g) 
were collected on the 20th day and ground up in a 
Tri-R Tissue Homogeniser in the presence of 0,9% 
saline so as to give a concentration of 2 g of eggs in 
10 mt saline. The egg suspension was prefiltered under 
80 kPa pressure through an asbestos pad on a Seitz 
filter. A 47 mm Millipore filter with a 0,22 fLm disc 
was used for the final filtration. The filtrate (crude egg 
extract) was bottled in 10 mt batches and frozen at 
-20 oc. 

Determination of toxicity 

For all the toxicity determinations guinea-pigs 
(450~500 g body mass) were injected subcutaneously 
between the scapulas with 1 mt of crude egg extract, or 
various fractions obtained during the toxin isolation 
procedure. Lyophilized fractions were made up to the 
original volume of the crude extract with 0,9% saline. 
The animals were kept under observation for at least 
48 h and the symptoms recorded. 
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Effect of age of eggs on toxicity 

In the initial investigations female ticks were glued 
on their backs in a Petri dish and after the start of 
oviposition all the eggs were removed at 5-day 
intervals and incubated at 28 oc for various periods 
(Table 1). 

Crude extracts of each batch were collected and the 
toxicity determined. 

Effect of temperature on toxicity 

The cold stability of the toxin was determined by 
sealing I m£ batches of the crude egg extract in glass 
ampoules and storing them at -196 °C, -80 oc and 
-20 oc respectively. The toxicity of each was deter
mined after 7 days. 

The heat stability was determined by heating 2 m£ 
aliquots of the crude extract in a water-bath for 10 
min. Temperatures ranged from 45 oC-70 oc, with 
5 oc intervals, and then with 10 oc intervals up to the 
boiling point (97 °C). 

Purification of the toxic principle 

Initially, the first isolation step involved gel per
meation chromatography of the crude egg extract. 
T~e extract (4_ m£) was centrifuged at 2 000 g for 20 
rom. and apphed to a 36 x 2, 5 em column containing 
Sephadex G100*. The eluent was 0, I M sodium 
phosphate buffer, the pH 7 ,4, and the flow rate 
30 mtjh. Fractions of 3 rot were collected and 
monitored at 280 nm with a Beckman Model M25 
spectrophotometer. 

In subsequent investigations it was found that 
dialysis for 24 h of the crude extract against 4 changes 
of 3 £ of distilled water resulted in the formation of a 
heavy precipitate which was devoid of toxic activity 
a~d a supernatant containing the toxicity. The preci
pitate and supernatant were separated by centrifuga
tion at 14 830 g for 90 min. 

The supernatant obtained by the method described 
above was subjected to preparative iso-e1ectric 
focusing (IEF) in a glycerol gradient. A LKB column 
of 440 rot capacity** was employed. Preparation of the 
P~ and glycerol gradients (Moreno, Ochoa, Gascon & 
VIllanueva, 1975) was performed as described in the 
LKB instruction manual. A pH gradient from 3-10 
pH units was prepared with Pharmalyte carrier 
ampholytes***. The final ampholyte concentration was 
2/o a_n~ the column _temperature 8 oc. The sample 
contammg 12 mg of mtrogen was mixed with the light 
gradient solution before the column was filled. The 
anode electrolyte solution was placed at the bottom 
of the column and the cathode electrolyte solution at 
the top. Electrofocusing was performed for 48 h with 
a starting potential of 300V (12 rnA) and a final 
potential of 600V (3 rnA). The column was emptied 
b~ means <?fa peristaltic pump at a flow rate of 2 m£/ 
mm. FractiOns of 3 rot were collected and monitored 
at 280 nm. The pH of each fraction was determined 
with an expanded scale pH meter. Pooled fractions 
~er~ dialyzed for 48 h against several changes of 
distilled water at 5 oc. After lyophilization of the 
dialyze_d fractions, chromatography on Sephadex 
G25 with water as eluent was used to remove remain
ing glycerol and carrier ampholytes. 

• Pharmacia, Uppsala, Sweden 
** LKB Instruments, Sweden 

••• Pharmacia Fine Chemicals, Uppsala, Sweden 
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Analytical iso-electric focusing (IEF) 
Analytical IEF with polyacrylamide or agarose as 

supporting medium was performed with a Pharmacia 
Model FBE 3000 flat bed electrophoresis apparatus 
and a Pharmacia Model ECPS 2000/300 power 
supply. Acrylamide and N , N'-methylene bisacryla
mide were purified by means of Amberlite MB-1 ion 
exchanger resin . Polymerization was achieved under 
nitrogen in the presence of sodium sulfite, glycerol , 
carrier ampholytes (Pharmalytes, pH range 3-10) and 
potassium persulfate on silane-treated glass plates. 
For agarose IEF (Saravis, O'Brien & Zamcheck, 
1979) plates were prepared by casting agarose* onto 
hydrophilic polyester sheets.** 

IEF was performed at a constant power of 30 
watt. The fixing of separated bands was achieved 
with 5/o trichloro-acetic acid and 5/o sulfosalicylic 
acid and staining with 0, 2/o coomassie brilliant blue 
R 250 in 45/o methanol and 10/o acetic acid (Fazekas 
de St. Groth, Webster & Datyner, 1963). 

Sodium dodecyl sulphate (SDS) gradient gel electro
phoresis 

The electrophoresis was performed in a Pharmacia 
GE-2/4 electrophoresis apparatus at a voltage of 
150V. Polyacrylamide gradient gel slabs (4-30/o) 
were prepared by means of a Pharmacia GM-1 
gradient mixer and peristaltic pump (Margolis & 
Kenrick, 1967). Potassium persulfate and 3-dimethyla
minopropionitrile were used as catalysts and 0,09M 
Tris, 0,08M borate, 3 roM EDTA and 0 , 2/o SDS, 
pH 8,3 was used as buffer (Neville, 1971). Samples to 
be investigated were suspended in the electrophoresis 
buffer and completely dissociated by heating at 95 oc 
for 5 min in the presence of I/o SDS and I, 25/o 
dithiothreitol (Fairbanks, Steck & Wallach, 1971). 
For the determination of the molecular mass (Weber & 
Osborn, 1969) of the separated proteins, the following 
marker proteins*** were used: phosphorylase b, 
albumin, ovalbumin, carbonic anhydrase, trypsin 
inhibitor and lactalbumin. Protein bands were stained 
with 0,2/o coomassie brilliant blue R 250 in 45/o 
methanol and 10/o acetic acid. De-staining was 
achieved with 7/o acetic acid in a Pharmacia GD 4II 
de-stainer and DPS Power Supply at 24 V for 60 min. 

Nitrogen determination 
Nitrogen determinations were performed with 

a micro-Kjeldahl apparatus**** according to the 
method described by McKenzie & Wallace (1954). 

Analytical ultracentrifugation 
Conventional sedimentation equilibrium centrifu

gation was performed in a Spinco Model E centri
fuge equipped with an ultraviolet photo-electric 
scanner. Samples with absorbancies of approximately 
0, 5 as measured in a 1 em light path cell at 280 nm 
were dialyzed for 16 h against 0, 05 M Tris, 0, 1 M 
KCl buffer, pH 8. For the ultracentrifugal run 0,12 
rot of the sample solution was introduced into a 
charcoal double sector scanner cell. The rotor (Type 
An-D) was spun at 26 000 rpm for 4 h at 20 oc after 
which it was decelerated to 18 000 rpm and spun for 
22 h before calculations of molecular mass were made. 

* Pharmacia Fine Chemicals, UpiJsala, Sweden 
** Marine Colloids Division, FMC Corporation, Rockland, 

Maine, USA 
*** Calibration Kit, Pharmacia Fine Chemicals, Uppsala, 

Sweden 
**** Labconco Corporation, Kansas City, USA 
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The absorbancy (A) was measured as a function of 
radial distance (r) across the fluid column of the cell. 
A plot of log A versus r2 was made and the slope 
calculated. The slope d log A/dr2 was substituted in 
the equation, M = (2,303) (2 RT) (d log A)/(l-vp)w2dr2, 

(Bowen, 1970). The partial specific v?l_ume ·w3:s 
calculated from the amino acid compositiOn (Frei
felder, 1976). 

Amino acid determinations 
Amino acids were determined with a Beckman 

Model 121M amino acid analyser according to a 
method described previously (Neitz, Howell, Pot
gieter & Bezuidenhout, 1978). 

Measurement of proteinase inhibitory activity 
The inhibitory activity was analysed on pancreatic 

trypsin* and N-a-benzoyl-DL-arginine-p-nitroani
lide hydrochloride (BAPNA) as substrate. The 
method described by Fritz, Trautschold & Werle 
(1974) was used with a 0 , 1 M sodium phosphate 
buffer, pH 7 ,4. The dissociation cons.tant Ki of ~he 
enzyme-inhibitor complex was determmed accordmg 
to the methods described by Segel (1975). 

Histopathological examination 
Formalin-fixed tissues from 17 guinea-pigs, 4 of 

which served as controls, were used for histopatho
logical examination. The tissues examined were 
obtained from guinea-pigs which had been injected 
subcutaneously with crude egg extracts and with 
various fract ions obtained during the purification of 
the egg toxin from A. hebraeum. Tissue blocks were 
embedded in paraffin wax, sectioned at 3-5 11-m 
thickness and stained with haematoxylin and eosin 
(HE). The special staining techniques employed were 
Schmorl's technique (Pearse, 1961) and Dahl's 
Alizarin method (Anon. 1968). 

RESULTS 
Clinical symptoms 

The symptoms in the guinea-pigs after administra
tion of the crude extract, in order of appearance, 
were as follows: hyperaesthesia and anorexia, serous 
nasal and eye discharge, accompanied by con
junctivitis and rhinitis ; hyperaemia of the exposed 
skin (ears, footpads and lips) and at the site of injec
tion ; disinclination to move when touched owing to 
an apparent paresis of the hindquarters or hyperaes
thesia ; watery diarrhoea within 24-36 h, which be~ame 
haemorrhagic if left for a longer period with occasiOnal 
prolapse of the rectum; ascending paresis evident 
when the animals were put on their sides and made no 
attempt to get back onto their feet; gradual loss of 
voice, this becoming progressively worse from about 
15 h- 36 h, after which time total loss of voice occurred. 

Effect of age of eggs on toxicity 
The crude extracts prepared from the various 

batches (Table 1) all produced the clinical symptoms 
as described above. 

Effect of temperature on toxicity 
Clinically, no differentiation could be made between 

the crude extracts stored at - 196 oc, -80 oc and 
- 20 oc. In the temperature range between 45 oc 
and 70 oc all the test animals reacted positively and 
showed the typical clinical symptoms described above. 
Above 70 oc no positive reaction was recorded. 

• Boehringer, Mannheim, W. Germany 
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TABLE 1 Method used for egg collection to determine effect of 
age on toxicity 

Days of Incubation Actual age 
Day OVI- Batch No. period at of eggs 

position 28 oc (days) (days) 

5 5 1 0 0-5 
10 5 2 5 5- 10 
15 5 3 10 15-20 
20 5 4 15 20-25 
25 5 5 20 25-30 
30 5 6 25 30-35 

Purification of the toxic principle 
The initial attempt to isolate the toxin from the 

crude extract on Sephadex G 100 resulted in a toxic 
fraction that eluted at a position corresponding to a 
molecular mass of between l 0 000 and 20 000 (Fig. 1 ). 
The nitrogen content of the 3 peaks was as follows : 
peak 1, 5,8 mg; peak 2, 6 mg and peak 3, 0,6 mg. 
The total recovery of the peaks from the column was 
96%. An analytical iso-electric focusing separation 
of the crude toxic extract as well as of the 3 peaks 
obtained from the Sephadex column suggested that 
preparative IEF of the crude extract should yield _a 
toxic fraction well separated from the non-toxic 
components. Preparative IEF of the crude extract 
resulted in the overloading of the column by some 
of the non-toxic components, this causing disturbance 
of the gradients. It was thus necessary to remove 
these components prior to the preparative IEF by 
extensive dialysis and centrifugation. The . super
natant was toxic and contained 40% of the mtrogen, 
while the precipitate had no toxicity. Subsequent 
isolation procedures were performed on the super
natant. 
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Fraction number 

FIG. 1 Gel permeation chromatography of the crude egg 
extract of A . hebraeum on a Sephadex G I 00 column 
(36 x 2, 5 em). Eluent : 0,1 M sodium phosphate buffer, 
pH 7,4. Flow rate: 30 cm 3/h and fractions of 3 em• 
collected 

Several peaks were obtained after preparative IEF 
(Fig. 2). The fraction, focused between pH 7,5 and 
8,5 (Fraction IEF 4), was found to be toxic. The 
clinical symptoms associated with the various frac
tions are summarized in Table 2. Analytical IEF 
patterns of fractions obtained by the isolation proce
dures are shown in Fig. 3. 
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FIG 2 !so-electric focusing of the supernatant obtained by 
dialysis and centrifugation of the crude egg extract. 
The dotted line represents the pH 
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SDS gradient gel electrophoresis showed a single 
band at a position corresponding to a molecular mass 
of 10 047 (Fig. 5). The minimum molecular mass 
calculated from the amino acid composition (see 
below) was 10 073 . 
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FIG. 4 Molecular mass determination of Fraction IEF 4 by 
sedimentation equilibrium centrifugation 
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FIG. 3 Separation of proteins present in the crude egg extract 
and Fractions IEF 1, IEF 2, IEF 3 and 1EF 4 by ana
lytical iso-electric focusing. D.S.-supernatant of 
d1alyzed crude egg extract. (Sample before preparative 4,2 
IEF) 

TABLE 2 Clini~al sympt.oms in gui.nea-pigs after injection of 
fractiOns obtained from !So-electric focusing (IEF) 

IEF Fraction 

IEF 1.. ... . ... ... . 

IEF 2 ............ . 

IEF 3 ............ . 

IEF4 ............ . 

Symptoms 

No reaction during 24 h 

No reaction during 24 h 

Slight hypersensitivity after 24 h 

Symptoms as described for crude extract 
prominent after 24 h ' 

Homogeneity and molecular mass determination of 
Fraction IEF 4 

The toxin was found to be homogeneous according 
to analytical IEF (Fig. 3). Sedimentation equilibrium 
centrifugation of the toxin showed a straight line 
relationship between log A and r2 (Fig. 4). From the 
slope the molecular mass was calculated to be 10114. 
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FIG. 5 Determination of the molecular mass of Fraction IEF 
4 by SDS gradient gel electrophoresis 

Amino acid composition of Fraction IEF 4 

The amino acid composition expressed as residues 
per molecule is shown in Table 3. The amino acid 
composition of the toxin isolated from the salivary 
secretion of Ornithodoros savignyi is also shown for 
comparison (Neitz, 1976). 

Ultraviolet absorption spectrum of Fraction IEF 4 
The spectrum of Fraction IEF 4 is shown in Fig. 6. 

The spectrum of the toxin isolated from 0. savignyi is 
also shown for comparison. 

Antiproteinase activity of Fraction IEF 4 
The inhibition curves of trypsin activity by Fraction 

IEF 4 at 2 substrate concentrations are shown in Fig. 
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7. Reciprocal plots at various Fraction IEF 4 concen
trations (I) are shown in Fig. 8. The slope replot of 
data obtained from the reciprocal plot is presented in 
Fig. 9. The Dixon plot is shown in Fig. 10. From 
these data it is concluded that the inhibition is of the 
non-competitive type and that the Ki is 1, 6 x 10-6M. 

TABLE 3 Amino acid composition of Fraction IEF 4 and the 
toxin isolated from the salivary secretion of 0. 
savigny i* (residues per molecule) 

Amino acid A . hebraeum 0 . savignyi 
IEF 4 salivary toxin 

L~si~e .. .. . ..... . .. . . .. .. . . 
H1st1dme .. . . . .. . . ... . . . . . . 
Arginine .. .. . . . . .... . . . .. . 
Aspartic acid . . .. . . . . . . ... . 
Threonine .. . . . . . . . . .. . .. . . 
Serine . ... . . .. . . . . . . .. . .. . 
Glutamic acid . . ... .. .. .. . . 
Proline .... .. ....... ... .. . 
Glycine . . ...... . . . .. .. . .. . 
Alanine . .. ... . ... . . .. . . . . . 
Valine ... . . . . . .. . .. . . .. . . . 
Isoleucine . . .... . .. .. .. . . . . 
Leucine . . . . . . ... . . . . .... . . 
Tyrosine ... . ... . ... . . . .. . . 
Phenylalanine . . .. . . ... . . . . 
Cysteine ... .. . . . . . . . . . . . . . 
Methionine . . . . . .. . . ... .. . 
Tryptophan . .. . . . .. . ... .. . 

Total. . .. . .. .. . .. . . . ... . . . 

* (Neitz, 1976) 
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** Determined as cysteic acid and methionine sulfone respec
tively 

*** Determined spectrophotometrically 
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FIG . 6 Ultraviolet a bsorbance spectra of Fraction IEF 4 and 
the toxin isolated from the salivary secretion of 0. 
savignyi 
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FIG . 7 Inhibition of trypsin by Fraction IEF 4 at 2 substrate 
concentrations (3) . The trypsin concentration was 
7 x 10- 7M 

5.1 X 10-6M 

100 

80 

c 
E 

" 60 0 
E 1.7 x 1()"M 2 

-1 > 

40 . OM 

0.5 1 1,5 2.5 

[-§-] (M )· ' X 10'' 

FIG. 8 Reciprocal plots (1 /v versus 1/S) in the presence of 
different concentrations of Fraction IEF 4. The trypsin 
concentration was 7 x IO-' M 

Microscopic pathology 
Liver 
A prominent feature was the presence of large focal 

areas of coagulative necrosis comprising several 
lobules with a predilection for subcapsular tissue. 
In the subacute to chronic cases the lesions were 
characterized by a peripheral zone of mineralization 
which clearly demarcated viable and necrotic 
tissue (Fig. 11). In the HE sections, the cytoplasm of 
the necrotic cells, in which the outlines were still 
vaguely discernible, was either packed with small 
purplish-blue granules of varying size, had a purplish
blue homogeneous appearance, or a combination of 
both. The latter were regarded as indicative of mine
ralization and were positive with Dahl's Alizarin 
stain for calcium. The nuclei of the affected cells 
were indistinct or absent. During the acute phase the 
lesions were infiltrated by inflammatory cells, most of 
which were neutrophils. Subsequently, these were 
replaced by proliferating Kupffer cells, the cytoplasm 
of which contained phagocytozed material (Fig. 12). 

------------------------------------------------------------- ---------
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FIG. 9 Replots of the slopes taken from the reciprocal plots 
(Fig. 8) versus Fraction lEF 4 concentration 
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FIG. 10 Dixon plot for non-competitive inhibition: 1/v versus 
Fraction IEF 4 concentration in the presence of different 
substrate concentrations 

Yellowish-brown pigment, which was positive with 
the Schmorl's reaction for lipofuscin, was observed 
in the cytoplasm of Kupffer cells and hepatocytes in 
the affected areas. Large spaces filled with red blood 
cells, fibrin and necrotic leucocytes were occasionally 
observed in the areas of necrosis . These areas of 
lytic necrosis were observed in only 3 animals. In the 
more chronic cases, bile duct proliferation, portal 
fibrosis and a slight infiltration of mono-nuclear cells 
and neutrophils were noted in all the portal tracts. 

Throughout the liver, the walls of some portal 
vessels as well as those of several central veins ap
peared thickened. The affected vascular walls had a 
homogeneous eosinophilic appearance in the HE 
sections. The endothelial cells of these vessels were 
swollen and neutrophils could be seen adhering to 
these cells. In only one of the animals neutrophils were 
seen in the media and serosa of the vascular wall 
(Fig. 13). Dilatation of lymphatics, which were filled 
with eosinophilic fluid, was a prominent feature of the 
portal tracts confined to necrotic areas and was less 
conspicuous in others. There was also oedema of the 
interstitial tissue of the portal tracts within these 
necrotic areas. 

Apart from the large necrotic areas described, 
small focal areas of necrosis (involving a few cells) 
with or without mineralization and/or neutrophil 
infiltration were a common feature . Single cell 
necrosis was present. These cells were recognizable in 
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HE sections owing to their bright eosinophilic cyto
plasm and pycnotic nuclei . Structures resembling 
Councilman bodies were observed in the cytoplasm 
of some of the hepatocytes. Some were also found 
lying free in the sinusoids or phagocytozed by Kupffer 
cells. Surviving parenchymal cells showed evidence 
of various forms of degeneration, including fatty 
degeneration, cloudy swelling, hydropic degeneration 
and, in one animal, hyalin droplet degeneration. 
Lipofuscin was observed in some of the cells showing 
degenerative changes. 

Kidney 
Lesions were confined mainly to the proximal and 

distal convoluted tubular epithelium. The epithelial 
cells were swollen with vacuolization of their cyto
plasm. Desquamation of necrotic epithelial cells 
characterized by a homogeneous, bright pink, 
eosinophilic cytoplasm and pycnosis or karyorrhexis 
of nuclei resulted in the formation of cellular casts 
(Fig. 14 & 15). In severely affected cases some of the 
tubules were markedly dilated. Purplish-blue granules 
present in the vaguely discernible cytoplasm of 
necrotic cells stained positive for calcium with Dahl's 
Alizarin stain. Yellow-brown pigment seen in the cyto
plasm of swollen and necrotic epithelial cells stained 
positive for lipofuscin with Schmorl's reaction. 
Leucostasis, which was observed as the accumulation 
of neutrophils in vascular lumens, was a constant 
feature . An interesting lesion observed in 6 of the 
animals was the presence of focal areas of tubular 
epithelial hyperplasia and hypertrophy in the kidney 
cortex. The affected cells had large vesicular nuclei 
with a bluish discoloration of their cytoplasm. 
Hypertrophic cells exhibited a high mitotic index. 
Occasionally these areas revealed necrosis and 
mineralization. 

In several of the guinea-pigs, including 2 of the 
control animals, a chronic interstitial nephritis was 
observed. This was seen as the focal accumulation of 
round cells, most of which were plasma cells. 

Urinary bladder 
Oedema of the urinary bladder was a constant 

feature . This was seen as a thickening of the mucosa, 
dilatation of lymphatics filled with a pinkish fluid, 
infiltration of oedematous fluid into the interstitial 
tissue and congestion of blood vessels with haemorr
hages. An infiltrate, composed mainly of neutrophils, 
was present in the mucosa. Lesions were seldom 
observed in the epithelium. When present, they were 
seen as a swelling of the epithelial cells with vacuola
tion of their cytoplasm (Fig. 16). There were focal 
areas of desquamated necrotic cells on the surface of 
the epithelium. In a few animals there was an increased 
mitotic index of the epithelium. 

Digestive tract 
Lesions were mainly confined to the small intestine, 

although mild lesions were present in the large intes
tine. Pycnosis and karyorrhexis of mononuclear cells 
in the stroma of the distal villi with occasional necrosis 
of the epithelial cells were the most constant lesions 
observed. Lesions, observed in some but not in all 
cases, included dilatation of the central lacteal filled 
with eosinophilic fluid, infiltration of neutrophils 
into the mucosa and mucosal oedema. 

Spleen 
The accumulation of neutrophils in the red pulp 

was the only significant lesion observed. 



FIG. II A large focal area of coagulative necrosis in the liver ; HE x 200 
FIG. 12 Proliferating Kupffer cells in an area of necrosis; HEx 500 
FIG. 13 Vasculitis of a hepatic vessel. Note the accumulation cf neutrophils in the vascular wall; HEx 200 
FIG. 14 Desquamation of necrotic epithelial cells resulting in the formation of cellular casts in the kidney ; HE X 200 
FIG. 15 A higher magnificat ion of the lesio ns observed in Fig. 14 ; HE x 500 
FIG . 16 Thickening of the urinary bladder mucosa wi th the infiltration of mainly neutrophils. Note the vacuolation of the epithelial 

cells; HE x 200 
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TABLE 4 Histopathological lesions observed in guinea-pigs inoculated with crude egg extract a nd various fractions of eggs from 
Amblyomma hebraeum 

Post inocu-
G uinea- F raction inoculated Liver Uri nary Kidney Small Skin Lungs lation day 

pig bladder intestine guinea-pigs 
No. autopsied 

I Crude egg extract .. . .... . ... . . *** * ** t + * 3 days 
2 Crude egg extract. .... .. . .... . ** ** ** t ~ * 3 days 
3 Crude egg extract ... . ......... ** *** ** ** t * 3 daysa 
4 Crude egg extract. . ........... ** ** ** * + + * 2 days 
5 Crude egg extract .... . . .. . .. .. *** * * * + + * 3 days 
6 Crude egg extract ............ . * ** * t t * 3 days 
7 Crude egg extract ... . ... . ... .. ** * t * t * 3 days 
8 IEF 1 .. . .. .. . . . .. . ..... . . . .. * t * * t * 4 days 
9 IEF 2 ... ... .. .... . ..... . .... * t * * t * 4 days 

10 IEF 3 ...... . . .... . . .... . .. .. * * t t t t 4 days 
11 IEF 4 ... ... ... . . . .. ... ... .. . * * ** * + * 4 days + 
12 IEF 4 .. . ........ . . . ... . . .... *** ** ** * ** *** 4 daysa 
13 IEF 4 . . . . . . . . .......... . . . . . *** ** ** ** ** * 4 days 

t = No lesions ; * = Mild lesions; ** = Moderate lesions; ***= Pronounced lesions ; t = not examined; a= Guinea-pig died naturally 

Lungs 
Mild to moderate lung oedema, congestion, 

haemorrhages and leucostasis were present. In one of 
the animals, which died naturally, numerous fibrin 
thrombi were present in the lung capillaries, arte
rioles and venules. 

Brain 
Mild lesions consisting of congestion and petechial 

haemorrhages were observed in the meninges and 
brain substance. 

Skin 
Lesions present at the site of injection included the 

following : (i) congestion and oedema, (ii) steatitis 
characterized by focal groups of necrotic adipose 
cells , with pycnotic nuclei and the infiltration of 
macrophages and fibroblasts , (iii) fragmentation of 
collagen bundles, (iv) necrosis and degeneration of the 
underlying striated muscle, which appeared as swollen 
eosinophilic homogeneous fibres, some of which 
showed vacuolation of their cytoplasm. The necrotic 
muscle fibres were occasionally infiltrated by macro
phages and some showed mineralization, (v) a few 
blood vessels showed fibrinoid changes with swelling 
of endothelial cells. Sections of skin distant from the 
site of injection were also examined . These revealed 
the above lesions but they were not so pronounced . 
There was no muscular tissue in these latter sections, 
thus it is not known whether necrosis was present. 

Heart 

Apart from congestion no lesions were observed. 
The extent of the histopathological lesions observed 

in various organs is shown in Table 4. 

DISCUSSION 

The toxin isolation procedure described in this 
paper involves 2 main steps. One involves extensive 
dialysis against distilled water during which more 
than half the nitrogen content is removed, mainly 
by the precipitation of proteins at low ionic strength. 
The precipitated proteins have not been investigated 
in detail but preliminary work has shown that they 
contain the lipovittelins (Boctor & Kamel, 1976) 
according to their pyridine haemochromogen spec-
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trum (Theorell & Akeson, 1953 ; O'Hagan, 1974). In 
addition, a tight binding antiproteinase, several non
competitive trypsin inhibitors and proteinase and 
acetylcholinesterase activities have been found to be 
present in this fraction (to be published). 

The second main isolation step involves prepara
tive iso-electric focusing of the supernatant. The peak 
associated with the toxin showed tailing which is to 
be expected of a compound having a relatively low 
molecular mass. It is thus impossible to state the 
exact iso-electric point of the toxin . Homogeneity 
determinations by sensitive methods, including sedi
mentation equilibrium centrifugation, SDS gradient 
gel electrophoresis and analytical iso-electric focusing, 
all indicate that the isolated fraction is homogeneous 
with respect to molecular mass and charge. 

The monitoring system used for determining toxicity 
is insensitive, because the clinical symptoms abate 
sharply upon dilution of the toxin. It is therefore 
impossible to report the yield, specific activity and 
enrichment of the toxin after each isolation step. The 
same problem is evident from the results reported by 
Riek (1957) , who used mortality as an indication of 
toxicity for the crude egg extracts of various species 
of ixodid ticks. 

The antiproteinase activity of Fraction JEF 4 was 
demonstrated with pancreatic trypsin. Most likely the 
activity is not specific for trypsin but for a wide variety 
of proteinases, the inhibition of which could cause a 
cascade of deleterious reactions in the host animal. 
Furthermore, the antiproteinase activity may not be 
the sole activity associated with the toxin. This 
possibility should be further explored. 

Proteinase inhibitors have been found in the 
venom of certain snakes and insects (Strydom, 1973; 
Shkenderov, 1976) and in the salivary secretion of 
Ornithodorus savignyi (Neitz, 1976), where they 
apparently protect proteinaceous toxins from degra
dation by the victim's proteinases (Ryan, 1979). 

The presence of antiproteinases in tick eggs is not 
surprising, since they have been found in the eggs of 
taxonomically distant avian species (Liu, Means & 
Feeney, 1971). The inhibition of microbial proteases 
may be the natural function of these ovoinhibitors and 
that this prevents the multiplication of some species of 
invading organisms (Board & Fuller, 1974). Inhibition 
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of animal proteinases is most probably only incidental, 
since they are similar in structure and function to some 
microbial proteinases (Davis, Zahnley & Donovan, 
1969). Ovoinhibitors could well be partially respon
sible for specific symbiotic associations in tick eggs and 
act as a primitive humoral defence agent which does 
not depend on specific recognition of antigens 
(Lackie, 1980). 

In the present study the histopathological lesions 
observed in guinea-pigs inoculated with crude egg 
extracts from various tick species, including Amblyom
ma hebraeum, Boophilus decoloratus , Boophilus micro
plus and Rhipicephalus evertsi, were comparable 
(unpublished data) and suggest that the toxins present 
in the eggs of these ticks are similar. When fractions 
derived from the crude egg extracts of Amblyomma 
hebraeum were injected into guinea-pigs, 2 out of the 
3 animals inoculated with Fraction IEF 4 showed 
pronounced histopathological lesions (Table 4) . This 
indicates that Fraction IEF 4 is the active toxic 
principle. The present study has shown that, in 
addition to other inhibitors and enzymes in the crude 
extract, non-competitive antiproteinase activity is 
associated with Fraction IEF 4. The significance of 
these observations with respect to the clinical symp
toms and histopathological findings is not known at 
present. 

Very little information is available about the histo
pathological lesions observed in laboratory animals 
inoculated with tick egg extracts. Riek (1957) men
tions degeneration and necrosis of hepatocytes as 
well as degenerative changes in the kidney tubular 
epithelial cells of guinea-pigs inoculated with egg or 
tick extracts of various Ixodidae. No lesions were 
seen by De Meillon (1942) in guinea-pigs injected with 
egg extracts from Rhipicephalus evertsi. 

Interesting features noticed in the present study 
include the adhesion of neutrophils to swollen endo
thelial cells in various organs and fibrinoid necrosis 
of hepatic vessels. Since a narrow rim of necrotic 
hepatocytes was noted around some of these vessels, 
the lesions described in the present study in the 
various organs appear to be of vascular origin. 
Lesions observed in the kidneys are more likely to be 
due to the direct effect of the toxin on the lining 
epithelium, as no prominent vascular lesions were 
observed. 

In 1965 Reynolds reported the mineralization of 
hepatocytes in rats 16- 22 h after being poisoned with 
carbon tetrachloride. Mineralization of hepatocytes 
was observed in lambs infected with Rift Valley fever 
by Coetzer (1977), and in an aborted bovine foetus 
due to infectious bovine rhinotracheitis by Kennedy & 
Richards (1964). According to Reynolds (1965), 
calcium appears to be primarily responsible for the 
mitochondrial lesions in carbon tetrachloride 
poisoning, although its entrance into the cell was due 
to altered permeability of the membrane. In the 
present study it is suggested that increased membrane 
permeability, associated with anoxia due to the vascu
lar lesions and/or the direct deleterious effect of the 
toxic principle on the hepatocytes, resulted in acute 
necrosis with consequent rapid pH changes. The 
latter in turn resulted in a dystrophic type of minerali
zation. 

It is tempting at this stage to make a comparison 
between the purified egg toxin from A. hebraeum and 
other tick toxins in respect of structure and biological 
activity. Few attempts, however, have been made 
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regarding their isolation and characterization to an 
extent which makes comparisons feasible (De Meil
lon, 1942 ; Riek, 1957; K ai re, 1966 ; Neitz, 1976 ; 
Stone, Doube, Binnington & Goodger, 1979). Some 
comparisons are nevertheless possible. They all 
appear to be protein-like components and in many 
instances, where enough data are available, they show 
differences in respect of molecular mass, iso-electric 
point and amino acid composition. 

Regendanz & Reichenow (1931), investigating 
various organs and different life stages of R. sangui
neus to trace the origin and stage of paralysis toxin 
production, showed that salt extracts prepared from 
eggs are toxic to dogs and cause symptoms characte
ristic of tick paralysis. Furthermore, they showed 
that the imagines before engorgement and larvae 
possess very low concentrations of the toxin . They 
established that the toxin was produced during egg 
development and was present in the ovaries after 
completion of engorgement. The salivary glands, 
cephalic gland (ovipositing gland) and Malpighian 
tubules had no toxin, whereas the laid eggs contained 
high concentrations. 

An important finding of Regendanz & Reichenow 
(193 1) is that extracts made from whole female ticks 
after completion of oviposition contain very little 
toxin. This indicates that the toxin produced is 
virtually quantitatively incorporated into the eggs 
and, according to other findings, detoxified by develop
ing larvae. The latter deduction is in agreement with 
the findings of Riek (1959). The authors hypothesized 
that in ticks producing tick paralysis the toxin is 
concentrated not only in the eggs but also in the 
salivary glands. The toxin , thus introduced by means 
of the salivary secretion into the host, produces 
paralysis, whereas in ticks that do not cause paralysis 
during engorgement, the toxin is concentrated in the 
eggs only. 

It is of interest to mention an investigation into the 
origins of the toxins produced by other Arachnida. 
Buffkin, Russel & Deshmukh (197 1), quote early 
papers by Kobert (1888; 1889) in which Kobert 
(1888; 1889) states that the toxins of Latrodectus 
tredecimguttatus are distributed throughout the body, 
including the legs and non-ripe eggs, and that the 
venom is only secreted but not formed in the venom 
gland. Kobert (1888 ; 1889) concluded that the poison 
was an albumin or toxic enzyme which is secreted by 
the genital organs of the female and is thus incorpo
rated into the eggs, the spiderlings and adult spider. 
Buffkin et al., (1971) investigated the relationship 
between toxins from black widow spider eggs and 
the spider's venom . They concluded from polyacryla
mide gel electrophoretic separation data and the 
symptoms produced that the toxins differed markedly 
from one another. 

The purification procedure described in this paper 
offers a means by which a toxic component from the 
eggs of A. hebraeum may be obtained in a pure form. 
Extensive structural, functional and comparative 
studies of egg toxins now become possible. Such 
studies would be of interest for their investigation 
into the origins of these toxins, their functions on a 
molecular level during the life cycle of ticks (Fuhrer, 
1980), their possible bearing on symbiotic or com
mensal prokaryotic associations (Martin, 1979), the 
transovarial passage of disease agents (Philip, 1963), 
invertebrate humoral immunity mechanisms (Lackie, 
1980) and entomopathogens (Brader, 1980). 
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