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During 1986—1990 blood samples of 390 brown hares Lepus europaeus Pallas, 1778  
were collected in 5 hunting areas in Poland. The blood cells were removed and the resulting 
serum or plasma protein were separated by electrophoresis in polyacrylamide gels. Three 
patterns of haptoglobins (Hp 1 — 1 ,2—1,2 — 2 ) were identified on the basis of their mobilities 
in the gels. Microbiological samples of duodenum, rectum, gall bladder and lung were taken 
from 145 investigated specimens. The health status of the brown hares was classified in a two 
grade scale on the basis of infection state. The frequency of H p 2—1 was correlated with 
a health index of the populat ions in terms of the Spearman rank coefficient of correlation 
(p = 0.606; n = 12; /><0.05). Also a better survival of H p 2—1 phenotypes was showed. 
A better survival of the H p 2 — 1 phenotypes was found. The observed correlation is discussed 
in terms of possible physiological roles of Hps, especially in the hindrance of the action of 
active form of oxygen. 
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Introduction 

The decrease in the abundance of the hunting stocks of small game in Poland 
which has been observed since the middle of the seventies (Sikorski 1987), has raised the 
question of the reason for such a decline. Particular attention has been paid to the 
brown hare Lepus europaeus Pallas, 1778, since it is the most important game species. 
The present program for the study of the brown hare conducted during 1986- 1990 
(Jezierski 1988), is a continuation of the former program organized at the end of 
the fifties and the beginning of the sixties in response to the first noticed big decline 
of the brown hare population (see Andrzejewski and Pielowski 1957). The present 
studies were expanded on microbiological and biochemical markers. The markers 
may eventually help in evaluation of the genetic structure of the populations, the 
possible selective pressures which act on the populations and may also provide a 
more detailed explanation of decrease in the abundance of the animals. 
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Fig. 1. Geographic location of hunting areas, marked with squares. 

Table 1. Characteristics of the hunting areas. Ex —experimental hunting area, LH — rented by local 
unit of Polish Hunting Association, L F —predominate large farming, SM— predominate small 
farming. 

Hunt ing area Tota l area. Land exploitation, % Remarks 
/Geographical location ha agricultural forest others 

Wopławki /Mazurian Lakes 4,903 85.0 2.0 13.0 Ex, L F 
Czempiń /Leszno Lakes 15,000 90.0 7.0 3.0 Ex, L F 
Rogów /South —Mazovian 13,000 74.0 23.0 3.0 Ex, SM 
Siedlce /South —Podlasie 23,240 86.0 11.0 3.0 LH, SM 
Głogów /Dalków Upland 2,048 85.0 13.5 1.5 LH, SM 

Haptoglobins (Hps), important glycoproteins of serum, were chosen as the first 
possible biochemical marker. The selection was based on the fact that haptoglobins 
play an important role in binding hemoglobin (Hb) proteins and probably in other vital 
biochemical and immunological processes (Lisowska and Dobroszycka 1967, Cereb-
lad 1979, Pagano et al. 1982, Sadrzadeh et al, 1984, Braughler and Hall 1989). The 
simple segregation of a pair of Hp1 and H p : alleles (Harris 1959) in brown hares in 
view of their physiological roles makes these proteins attractive for population 
studies. 
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Study area 

The investigations covered five hunting areas representing distinct physiographic regions of Poland 
(Fig. 1) with different agricultural and hunting exploitation. The basic data on the study areas are presented 
in Table 1. 

Material and methods 

During 1986 — 1989, blood samples were collected of 390 brown hares in five hunting areas during four 
hunting seasons (Table 2). The individual hares were weighed, sexed and aged on the basis of the ossification 
stage of epiphyseal cartilage of the ulna (Stroh 1931). Subsequently, the blood samples were taken f rom the 
eye socket or the heart. 

Two samples of blood were typically collected f rom each individual, one sample was anticoagulated 
with heparin (200 units of heparin per ml of 0 .9% NaCl) and another was allowed to clot. The blood cells 
were removed with centrifugation and the resulting serum or plasma proteins were subsequently subjected to 
electrophoretical studies. 

Electrophoresis was performed in vertical slab gels, about 0.5 mm thick. Generally, the Riggs' system 
(1981) was used with 7 .5% acrylamide in Tris-HCl buffer pH 8.9 (the resolving gel) and 4 % acrylamide in 
Tris-HjPO-i buffer pH 7.2 (the stacking gel). Usually the electrophoresises were run at current 60 mA for 4 —5 
hrs. After separation was completed, the gels were stained for proteins with Coomassie Brillant Blue G — 250 
and then destained with solution of methanol and acetic acid in water (14% and 7 % , respectively). Chosen 
gels were stained for (pseudo) peroxidase activity of H p —Hb complex with 0 .07% benzidine or 
o —dianisidine in 1 mol/ acetic acid (Riggs 1981). In the latter, hare Hb was added to the plasma or serum 
sample to the final concentration of about 0.1 % . The obtained protein patterns were analyzed with Opton 
densitometer at / = 540 nm. 

The microbiological samples of rectum, duodenum, gall bladder and lung were taken from 145 
specimens. Standard culture and staining methods were used for qualitative identification of pathogenic 

Table 2. Number and frequency of Hp phenotypes and Hp1 allele in the hunting 
areas. Results of goodness-of-fit tests to the Hardy-Weinberg law are presented 
in the last column. Results of the homogenity test are: * /><0.05; ** p < 0.001, 
r = 7.568; d.f.= 8; 0 .3</><0 .5 . 

Hunt ing area 
Total 

sample 

Haptoglobin types 

1 - 1 2 - 1 2 - 2 Hp1 r 
d.f. = 2 

Woplawki 44 9 26 9 1.34 
(.204) (.591) (.204) .500 

Czempiń 68 16 43 9 5.27 
(.236) (.632) (.132) .551 

Rogów 178 34 114 30 19.85** 
(•191) (.640) . (.168) .511 

Siedlce 70 12 53 5 19.62** 
(.171) (.757) (.071) .550 

Głogów 30 5 22 3 6.74* 
(.167) (.733) (.100) .530) 

Total 390 76 
(.195 

258 
(.662) 

56 
(.144) 

41.07** 
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Fig. 2. Densitogram of electrophoretic separation of hare serum proteins (a) and pattern of hap tog lob in 
phenotypes (b). 
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Table 3. Frequency of heterozygotes H p 2 — 1, Hp1 allele and 
uninfected individuals in successive hunting seasons in the 
areas studied and p values of the rank Spearman correlation 
between variables. pHpt 2-1 =0.606, pHp\ =0.360. 

Hunting area Season H P T 2 - 1 Hp ' Uninfected 

Wopławki 1986/87 .375 .437 .625 
1987/88 .667 .500 .583 
1988/89 .500 .528 .556 
1989/90 1.000 .500 .667 

Czempiń 1988/89 .667 .400 .583 
1989/90 .630 .648 .652 

Rogów 1987/88 .667 .474 .600 

Siedlce 1987/88 .698 .535 1.000 
1988/89 1.000 .500 .930 
1989/90 .667 .667 .667 

Głogów 1988/89 .667 .500 .833 
1989/90 .778 .556 .733 

microorganisms of the following genera: Mycobacterium, Staphylococcus, Salmonella, Candida (Buchannan 
and Gibbons 1975). The levels of the serum antibody levels Brucella abortus, Leptospira sp. and Francisella 
tullarensis were also evaluated in the hare blood serum (Parnas and Wysocka 1957, Zwierz 1964). Two 
groups of brown hares were distinguished on the basis of the investigation of their microbiological and 
serological status: (1) the uninfected animals - these without infection symptoms of the organs investigated, 
with negative results for pathogens isolation and negative serological tests; (2) the infected animals - these 
with infection symptoms of the internal organs supported by isolation of the pathogens and positive 
serological tests. The populational index of health status was calculated as a frequency of the animals 
uninfected in the particular seasons for each population investigated (Table 3). 

Chi-square statistics were used to test significant variations f rom the Hardy-Weinberg law and f rom the 
homogeneity. The association between qualitative variables was computed by Spearman 's coefficient of 
rank correlation (p). 

Results 

The densitometric analysis of patterns obtained after the electrophoretical 
separation of proteins in the polyacrylamide gels allowed us to distinguish eight main 
groups of protein bands of hare serum: prealbumins (prealb), albumin (alb), 
postalbumins (postalb), transferins (<3,, S2, 2 — p, 1— /?), haptoglobin (Hp), slow ot2, 
lipoprotein (/?— Lp), immunoglobulins (a, y) (Fig. 2). Three patterns of Hp bands 
(Fig. 2) were identified on the basis of their mobilities in the gels: H p 1 — 1 shows 
a single, relatively fast-moving fraction in the front of the main transferrin band, H p 
2 —2 exhibits the series of slower bands moving behind the main transferrin band, and 
Hp 2 — 1 the pattern with properties close to the H p 1 — 1 band and H p 2 — 2 like bands 
(Markowski et al. 1989, P. Osmulski et al., in prep.). 
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Season Hp 2 - 1 Coccidiosis 
free, % * 

1986/87 0.529 57.2 
1987/88 0.604 69.1 
1988/89 0.638 81.9 
1989/90 0.644 85.2 

Table 4. Frequency of hetero- Al though there are no data concerning heredity of 
zygotes Hp 2 - 1 and percentage h a r e H p s ? w e d e c i c i e d to adop t a c o m m o n pattern 
of hares free of coccidiosis in the c . . . , . * . , 

, t. • tU round in all previous mammalian investigations (also 
successive hunting seasons in the r ° v 

Rogów area. * M. Wasilewski (pers. i n a rabbit) . On this basis the H p 1 - 1 and Hp 2 - 2  
comm.). were classified as homozygotes and the H p 2— 1 type 

as heterozygote which makes a simple codominat ion 
system (see discussion for details). The described 
system of Hps showed no statistically significant 
differences between popula t ions investigated ix —  
7.568; d.f. = 8; 0.3 < /><0 .5) . The heterozygote fre-
quencies were more variable than those of homo- 
zygotes. The highest frequency of heterozygotes was 
found in the Siedlce hunt ing area and the lowest in the 

Wopławki area (Table 2). The differences between the number of H p phenotypes 
observed and the number expected according to the Hardy-Weinberg equilibrium, 
were statistically significant in the Rogów, Siedlce and Głogów hunt ing areas (Table 2). 

In the all hunt ing areas but one, where an increase of heterozygote frequencies was 
observed (the Rogów area), no statistical differences were found in H p frequencies 
between successive hunt ing seasons (Table 3). The groups of uninfected hares were 
characterized by a high domina t ion of heterozygotes (74%) . The difference between 
observed and expected number of individuals with the distinguished H p phenotypes 
was statistically significant in the g roup = 25.11; d.f. — 2\ p < 0.001). However, the 
difference between observed and expected numbers was not statistically significant in 
the group of the infected hares ( / 2 = 0.83; d.f. = 2; 0.5 <p< 0.7) (Table 5). The relation 
between the high heterozygote frequency and the popula t ion health status was 
statistically significant when calculated with the rank Spearman correlat ion coefficient, 
for the da ta grouped by the seasons and areas (p = 0.606; n = 12; /?<0.05) . However, 
such correlation for the Hp1 allele frequency was not statistically significant (p = 0.360;  
n = 1 2 ; />>0.05) (Table 3). The positive relation between the percentage of hetero- 
zygotes and the percentage of coccidiosis-free hares was indicated in four successive 
hunting seasons in the Rogów area showed (Table 4). 

Discussion 

The H p pat terns obtained af ter the electrophoretical separation of the serum or 
plasma proteins in the Polyacrylamide gels represented a typical conf igurat ion :'ound in 
all mammals investigated to the present t ime (Harr is 1959, Arenals and Rodriguez 
1960, Beckman and Cedermark 1960, Chiao and Dray 1969, Cereblad 1979, and 
others). 

The observed number of H p heterozygotes and gene frequencies for the Hp1 and 
Hp2 a round the value of 0.5 in the investigated hare popula t ions strongly suggested 
a codominate expression of genes. The concept was fur ther suppor ted by results of 
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progeny tests of rabbits with all possible matings. It was found in this case that Hp 
genotypes were controlled by a pair of allelic genes at an autosomal locus (Chiao and 
Dray 1969). The similar investigations on related and unrelated human populations 
and also ape populations gave identical results concerning heredity of Hp genes 
(Makela et al. 1960, Harris 1964 and references cited therein, Maeda and Smithies 
1986, Borensen et al. 1987, and others). On this basis, the simple codomination system 
of heredity of the hare Hp was adopted. Moreover, Harris (1964) emphasized the 
stability of the encoded Hp alleles during an ontogenetic development. This finding 
allowed the use of H p as a genetic marker of specimens and suggested the study of 
frequency changes of the H p types at population level. The observed differences in 
frequency of haptoglobin phenotypes in the studied populations, although not 
statistically significant with respect to their geographical distribution, turned most of 
our attention to the health status as the one of the most important factors influencing 
the function of population. We have already emphasized an increase of the 
heterozygote number in the animals from the second age class (6 to 12 months old) 
when compared to the first age class (up to 6 months old) and a negligible increase of 
the heterozygotes at the end of the hunting season in the Rogow area (J. Markowski et 
al, in prep.). According to the codominate type of genetic determination of Hps, the 
equal distribution of homo- and heterozygotes should be expected. However, such 
a picture is valid only for a population under equilibrium conditions. Since the 
observed number of Hp phenotypes is not statistically different f rom the number 
expected in the class of the infected hares, it seems unlikely to anticipate a distinct 
situation in the class of the uninfected animals. As a consequence, the domination of 
heterozygotes observed in the latter class testifies to heterogeneity of the class. It seems 
that in addition to those animals which were never infected, this class contains 
recoverees among which the heterozygotes dominate. This shifts the genetic equilib-
rium out of the distribution of H p phenotypes expected on the basis of the 
Hardy-Weinberg law. 

The above conclusion is supported by the similar distribution of the Hp 
phenotypes observed in a class of the animals with protozooan infection -coccidiosis. 
It is a typical illness of young hares, by which almost all specimens are infected. The 
surviving individuals become immunized against this pathogene (Braunschweig 1976). 
The group of coccidiosis-free animals consists of mainly recoveers, and again, 
a domination of the heterozygotes was observed in this group (Table 4). The 
physiological role of H p is still puzzling. It is known that its main function on 
a biochemical level is to bind hemoglobin freed out of erythrocytes to prevent undue 
loss of iron. It is also an acute-phase protein (Putman 1975). Free H b exhibits high 
pseudoperoxidase activity, so it catalyzes decomposition of hydrogen peroxide 
followed by generation of potentially dangerous free radicals like superoxide or 
hydroxyl radicals (Gutteridge 1987). This in turn leads to deactivation or destruction of 
vital components of an organism, mainly proteins, nucleic acids and lipids. On the 
other hand, H b in complex with Hp is much less reactive and, moreover, is much more 
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quickly eliminated from the blood circulation system. However, the rate of the complex 
elimination strongly depends on the molecular weights of the molecule. A larger 
molecule has a slower elimination rate. Hp1 is a molecule of relatively low molecular 
weight in comparison with Hp2 . The latter creates series of large linear polymers (Javid 
1978) which leads to its slow elimination and possible prolonged exposure of an 
organism to the action of free radicals (Braughler and Hall 1989 and references cited 
therein). The Hp1 and Hp2 molecules also create mixed aggregates with lower 
molecular weight in comparison with Hp2 alone. It is important to realize that each 
type of polymer can bind only one molecule of H b (one a(3 dimer on each end) but with 
somewhat lower efficiency in the case of Hp2 (Putnam 1975). 

In response to infection, specific biochemical and immunological processes are 
activated in an organism. One of the most important is an increase of phagocytic 
activity of blood leukocytes. This, in turn, leads to the higher production of free 
radicals (Lowrie and Aber 1977, Beckmann and Flohe 1981 and references cited 
therein). On the other hand, the infection enhances a process of hemolysis and 
increases the level of free Hb. On this basis, it seems possible that specimens 
possessing H p 2—1 should show better adaptat ion than homozygotes. Moreover, 
there is a suggestion that the individuals possessing the H p 2 — 2 phenotype were 
predisposed to some illnesses, for example in human populat ion to myocardial 
infract, epilepsy and rheumatoid arthritis (Chapelle et al. 1982, Panter et al. 1985, 
Rantapaa Dahlqvist and Frohlander 1985). However, we could find no statistically 
significant deviation of the H p phenotypic distribution according to the Hardy-
-Weinberg low in the group of infected hares (Table 5). Our findings strongly support 
a connection between the health status and the H p phenotype. Although, in the case of 

Table 5. Numbers of observed H p phenotypes and their frequen-
cies in the uninfected and infected hares (number of the H p 
phenotypes expected under the assumption of the Hardy-Wein-
berg law are given in brackets). *** /?<0.0005, d.f. = 2. 

Haptoglobin types 
Health status 

Uninfected Infected 
Total 

1 - 1 1 6 < 2 8 . 3 7 ) 

0 . 1 5 8 

9 (10 .48) 

0 . 2 0 4 
25 

2 - 1 75<50 .32 ) 

0 . 7 4 2 

2 5 * 2 1 . 9 9 ) 

0 . 5 6 8 
100 

2 - 2 1 0 ( 2 2 . 3 I ) 

0 . 0 9 0 

J Q( 11.53) 

0 . 2 2 7 
20 

Total 101 44 145 

Hp1 0.530 0.488 

X2  25.11*" 0.83 Hp H - w 
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the investigated hare population, Hp phenotype does not change susceptibility for 
the infections studied, but does change the possibility of recovery success. 

Concluding, it appears that Hps may seriously influence populational processes of 
hare, and they may be used as a valuable marker for these processes. 
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