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ABSTRACT

Seventy years before siokled red blood cells were seen in the 
blood of humans they had been noted in blood from members of the 
Cervidae family. These siokled erythrocytes and their chemistry 
have been studied in great detail in humans, but very few studies 
on siokled erythrocytes in Cervidae have been published. In this 
study, blood samples from 209 mule deer (©docoileus hemionus) from 
three areas in Arizona, and 55 white-tailed deer (Odocoileus 
virginianus) were examined microscopically for the presence of 
siokled or related aberrant cells. Hemolysates, prepared from the 

r blood samples, were eleetrophoresed in order to determine their 
hemoglobin hetero- or homogenity.

Seventy-five percent of both deer species had the sickled or 
related abnormal cells. There was no significant difference in 
frequency of occurrence of the siokled cells due to sex, or geographic 
area, at the 95% probability level. Electrophoresis of the hemolysates 
showed one main hemoglobin band was present in samples which had showed 
sickle cells. This same hemoglobin band and a slower moving band were 
present in those samples which had showed normal erythrocytes.
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IN TRODUCTIOK

In 1840 Gulliver (l) noted peculiarly shaped cells in the blood 
of members of the Gervidae and Camelidae families. Seventy years later 
Herrick (2) found erythrocytes with this same peculiar shape in human 
patients suffering from am anemia. Because the cells assumed a crescent 
or sickle shape the disease was called ’’sickle cell anemia”. In 1949 
Pauling et al. (3) - showed that people with this sickle cell anemia had 
a hemoglobin which,, in an electric field, migrated at a different rate 
from normal adult human hemoglobin. People suffering from a milder form 
of the disease, called sickle cell trait, were shown to have both the 
normal and abnormal hemoglobins (3)«

Hemoglobin, is a complex molecule made up of a porphyrin (heme) 
and a protein (globin). , The protein part of hemoglobin is made up of 
two chains. The alpha chain contains 142 amino acids (mwt. 15,228) and 
the beta chain contains 146 amino acids (mwt. 15,870). Each chain 
contains one heme moiety, bound by bonds between the iron of the porphyrin 
compound and imidiasole ring of histidine residues in the protein chain. 
Each molecule of normal human adult hemoglobin contains two alpha and 
two beta chains with their accompanying heme moieties. The amino acid 
sequence of both alpha and beta chains in human hemoglobin has been 
determined (4). t. ,

Ingram (5)* developed a method of ’’fingerprinting ” hemoglobins 
by digesting the denatured hemoglobin with trypsin and ehymotrypsin, 
followed by two-dimensional paper electrophoresis and paper chromatography 
for the separation of the resulting peptides. By this method, normal



adult human (Hb i.) and sickle hemoglobin (Hb S) were shown to have a 
difference in only one of the peptides resulting from the digestion of 
the two hemoglobin molecules. Hydrolysis of this peptide showed that a 
glutamic acid residue in normal hemoglobin had been replaced by a valine 
in the sickle hemoglobin (6). Starting at the amino terminal end the 
first six residues on the beta chain are: Val-His-Lem-fbr-Pro-Glu. In
the sickle cell hemoglobin the first six residues of the same*chain ares 
Val-His-Leu- Thr-Pro-Jal.. It is thought that this replacing of the 
glutamic acid by a valine as the sixth residue leads to,an intrachain 
ring formed by the first four amino acids of the beta chain, (7). In the 
past fifteen years many mutant, human hemoglobins have been - studied, in 
addition to comparative studies of many animal hemoglobins (S* 9)- The 
knowledge gained from these studies has led in large part to the concepts 
of molecular disease and molecular evolution. However,,in the 125 years 
since they were first observed, research on the siekledt erythrocytes and 
hemoglobins of deer has been scarce (10.= 20).

0 ’Roke (10) investigated 178 white-tailed deer (Odocoileus 
virglnlanus) and found sickle cells in only 1#. He also reported finding 
pathological symptoms (atrophied spleen, brittle bones) whidh are 
associated with the presence of these sickle cells in humans. Subsequent 
reports (18, 19) have failed however to substantiate his findings.

In man, sickle cells are produced when the abnormal hemoglobin 
(Hb S) is deoxygenkted. Beoxygenated hemoglobin S is less soluble than 
oxygenated hemoglobin $ and forms intracellular tact©ids and hemoglobin 
crystals which stretch the red cell into strange shapes. This occurs 
in the capillaries and veins in man? and the abnormally shaped cells 
block the smaller blood vessels, resulting in pain in bones and joints,



shrinkage of the spleen, anemia, jaundice, chronic leg ulcers and blood 
clots in marry organs (22).

In deer, studies indicate that sickling occurs in the presence, 
rather than in the absence, of oxygen and that the process is reversed 
in the presence of carbon dioxide or reducing agents such as sodium 
bisulfite, or sodium thiosulfate, According to Unditz (16) sickling 
occurs equally well in the presence of carbon monoxide, oxygen or 
nitrogen and it is the pH of the system which determines sickling.
Moon (15) reports tactoid formation in concentrated deer hemoglobin 
solutions in the presence of either oxygen or carbon dioxide. Pritchard 
(I?) finds that oxyhemoglobin is necessary for sickling in deer. Thus 
the sickling would occur in the arterial system instead of the veins 
and capillaries. Thus the clinical symptoms which occur in man would 
not: be present in deer. Therefore, as a consequence, sickling in deer 
is regarded as physiological rather than a pathological condition (18),

Electron microscopy studies by Pritchard (1?) indicate that 
the physical process resulting in the formation of hemoglobin crystals 
in the red blood cells is the same for deer, and humans.

A high resistance to alkali dematuration has been shown in 
white-tailed deer (15) and in Old World deer (13). Solubility studies 
on blood samples of Old World deer indicate that the reduced sickling 
hemoglobin is 100 times less soluble than the oxygenated sickling 
hemoglobin (14).

A recent study (18) showed that in addition to the classic 
sickles or crescents, other shapes known as hollyleaf or matchstick 
or oat seed are present; and that some of these can interchange in



response to the experimental conditions. The hollyleaf has been 
hypothesized to be an intermediate stage in the,formation of the 
sickles in which the hemoglobin crystals have not all become aligned 
along a main axis (17). Kitchen et al. (18) separated 5 deer 
hemoglobins by electrophoresis. Weisberger (19) reports four 
different deer hemoglobins and Miller et al. (20) reports two.



EXPERIMENTAL PROCEDURE

The blood of 209 mule deer (Odocoileus hem.onus) and 55 
white-tailed deer (Odocoileus virginianus) was collected by one 
of three methods» During the 1964 and 1965 hunting seasons, 5 ml. 
test tubes or 5 ml. vacuum-type vials with attached needles were 
distributed to hunters in three "special hunt" areas in Arizona 
to see if there was a variation in frequency of sickled cells in 
deer from different herds. In these areas, the hunters had to 
report to checking stations maintained by the Arizona Game and 
Fish Department, There they were given the vial with accompanying 
instructions and a short questionnaire before they commenced hunting. 
After finishing hunting,, the hunters had to again report to the 
checking stations, and the vials and questionnaires were collected 
at this time. In this way 37 specimens of deer blood were collected 
from the 3-Bar Management Area in central Arizona, 133 specimens from 
the Kaibab Plateau in northern Arizona, and 51 specimens from the 
Santa Rita Experimental Range in the southern Arizona desert. The 
hunters and Game Department personnel were asked to keep the blood 
as cool as possible without freezing it. Samples were stored at 
7-8 degrees Centigrade after being returned to the laboratory. A 
second large group of specimens was collected by the writer at 
road-bloek checking stations in areas other than those designated 
"special hunts". Because it was impossible to contact most of these 
hunters before they made their kills, blood specimens had to be



collected from the deer carcasses at the road blocks. Since under these 
conditions only small amounts of blood could be obtained, the procedure 
used was to withdraw a small sample from the abdominal cavity (most of 
the animals were field-dressed) with a Sahli pipette and immediately 
make two to four blood smears. The blood smears were dried, dipped in 
methanol for preservation and dried again. The smears were stained 
with Wright1 s stain upon, return to the laboratory.

The third methodi of collecting blood was from captive animals. 
Heparinized 10 ml. syringes and heparinized screw-top test tubes were 
used to collect blood from six mule deer in the San Diego Zoo (July, 
1964). This was also the method used to collect blood from five deer 
maintained by Mr. Gerald Day and the Arizona Game and Fish Department 
at the University of Arizona farm in Tucson. All deer were undrugged 
and restrained manually while the blood was obtained.

Blood smears were made on all samples in order to determine 
the presence or absence of sickling. Additionally, on Samples from 
captive deer, hanging drop preparations were made with isotonic saline. 
On a number of the 'samples obtained from captive deer, it was possible 
to determine packed cell;volume and hemoglobin concentration using 
established methods (22). Red blood cell counts were also obtained 
when possible. -

After the smears.were made, cells were centrifuged and the 
plasma or serum removed.. A modification of Drabkin ’ s (23) method was : 
then carried out in which the cells were washed and centrifuged in 
saline four times. After removal of the last aliquot of saline the 
cells were lysed in two volumes of distilled water and one volume of



toluene. The toluene was pipetted off and the cell fragments spun down 
and filtered to get a clear hemolysate. i, modification of this method 
was used for later samples in which the washed cells were placed in 
barbital buffer (pH 8.6), and lysed by being frozen and thawed three 
times (2k), The cell fragments were then spun down and: the clear 
hemolysate pipetted off.; Resulting hemolysates were stored frozen.

Protein concentrations were determined for all the hemoglobin 
solutions by the miero-Kjeldahl method.

Electrophoresis was selected as the preferred method to 
determine the hetero- or1 homogenity of the deer hemoglobin.

Agar gel electrophoresis was first used (2k, 25). A 1$ 
solution of agar in sodium citrate-citric acid buffer, pH 6.2, was 
prepared by heating, allowed to cool slightly, and poured onto a glass 
plate and allowed to cool completely. The glass plate was placed across 
the tray of an LKB,. electrophoresis apparatus and filter paper -wicks 
inserted into the electrode compartments. The samples were inserted 
into the gel and run at 2% ma/cm for 16 - 18 hours.

Starch gelielectrophoresis (2k, 26) was attempted using a 
wooden container built according to the specifications of 0. Smithis
(26) and coated with plastic. Starch grains were heated in a - 
Tris-EDTA-borate buffer,i pH 9.0, until the starch grains burst. The 
starch solution was brought just to a boil under vacuum,- and then 
poured into the gel,container and cooled. The ends of the container 
were them removed, i-and filter paper wicks were laid across the ends 
and down into the two electrode vessels. An LKB apparatus was modified 
by the substitution of the wooden starch gel container for the plastic



tray of the original model. The buffer used in. the electrode vessels 
was barbital, pH 8,6, Because of equipment limitations a horizontal 
rather than a vertical gel was used. Samples were inserted into the 
gel and run at 2§- ma/cm for 16 - 18 hours,

A high voltage paper electrophoresis apparatus was obtained 
and the tray that originally held the paper was,modified by cementing 
plastic strips into the ends, JLcrylamide gel was made up in 
Tris-EDTA-borate buffer, pH 9,1, which was also used in the electrode 
compartments. Because of the large amount (ti-40: ml,, 5 mm, thick) and 
surface area of the gel it was possible for separations to be run for 
up to ?2 hours, although the majority of the separations were run for 
only 18.- 24 hours.

i& fourth method of gel electrophoresis was carried out with a 
vertical gel electrophoresis apparatus (27). This apparatus was 
designed to accept liquid gel (acrylamide, agar, starch, silica, etc.) 
in a horizontal position. A. slot-former was inserted into the liquid 
gel, then it was left to harden (10 - 30 minutes). After completion of 
gellingtthe slot-former was removed and the gel. containing tray was 
rotated into the vertical position with the sample slots at the top 
of the gel. Buffer was introduced into the upper and lower electrode 
vessels; and after a prerun, the hemoglobin samples were introduced 
into the slots then left to equilibriate for one hour (both prerun and 
equilibriation period could be eliminated, but their use yielded more ' 
reproducible data). A Tris-EDTA-borate buffer,1 pH 8.9, was used.

Eyes and stains were not used on the agar or starch gel 
electrophoresis as it was possible to see the hemoglobins without



staining. The acrylamide gel used on the modified high voltage paper 
electrophoresis apparatus was stained with benzidine dihydrochloride
(27). Gels from the vertical gel apparatus were stained with either 
benzidine dihydrochloride or Amido Schwartz 10 B. The gels were 
photographed immediately after staining to record the results, as 
benzidine stains have a tendency to fade with time.



BEStiLTS

SioKLed or strange'iy shaped cells appeared In the majority of 
the deer studied. Besides the usual sicKLed cells, a number of other 
abnormally-shaped cells which have been noted in other studies of 
sickling in either deer or humans were observed. Hollyleaf cells,
©at seed or matchstick, and tear drop shaped cells were noted-in 
many animals. .- • •

Fourteen samples- of blood from mule deer were collected from 
the Kaibab hunt in 196^ (November 11 - BE) and 116 mule deer blood 
samples were collected during the 19&5 Kaibab hunt (November 10 - 21). 
The percentage of mule deer from this area showing abnormal cells 
(sickled, matchstick, hollyleaf, tear drop) was 64.3^ for 1964 and 
86.2$ for 1965, or- 7®.5$ for the two years (Table l).

Eleven mule deen, blood samples were also collected from the 
3-Bar Management Ar'ea in 1964 (November 25 - 27) and twenty-five in 
1965 (December 3-5)° Of these samples 63.6$ showed some form of 
abnormally-shaped cell in 1964 and 76.0$ in 1965, or 70.6$ for two 
years. ,

During 1964 there was also a Santa Rita Experimental Range 
Bunt (November 24-27) where samples from thirty mule deer were 
collected, with 73.3$ showing some abnormality in red blood cell shape.

All the mule deer blood samples collected in 1964 showed 67.2$ 
of the deer had some abnormality in the red blood cells, while in 
I965, 79.6$ of the deer had some abnormality. Of the 209 mule deer

10



Table 1
FREQUENCY OF OCCURRENCE OF iBNORML1 ERYTHROCYTES IN DEER

MULE DEER
 Males_______  ____ Females   Total-Male and Female

Kaibab
Ratio^ Percentage Ratio Percentage Ratio Percentage

1964 4/8 50.0 5/£j 83.3 . 9/14 64.3
196# 46/61 7§.5 47/55 85.5 93/116 80.2
Total 50/69 72.4 52/61 85.2 102/130 78.5

3-Bar
1964 0/1 00,0 7/10 70.0 7/11 63.6
1965 10/12 83.3 9/13 69.2 19/25 76.0
Total 10/13 76.9 16/23 69.6 26/36 70.6

SRER3 11/13 84.6 11/17 64.7 22/30 73.3

Total^-all mule deer
73/99 73.7 86/110 .,7.7.3 158/209 75.6

MHITE-TAILED DEER
SRER3 4/5 80.0 11/12 91.7 15/17 88.2

f y "Total -all white-tailed, deer
25/33 75.8 16/22 72.7 41/55 74.5

TAbnormal - cells which were sickled, tear drop shaped, holly leaf, 
matchstick or oat seed shaped 

%atio of deer with abnormal cells over total deer of that sex collected
%RER - Santa Rita Experimental Range Hunt - 1964 only 
^Totals include deer other than collected at "special hunts''.
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FIG. I EXAMPLES OF OEER R.B.C.'S SHOWING SICKLED FORMS



FIG.2, SICKLED DEER ERYTHROCYTES. X2838.
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blood samples collected iia 1964 and 1965 ?5«6^ showed some abnormality 
in the erythrocyte shape. In a breakdown by sex, 73° 7$ of the males 
showed some abnormal form of erythrocyte, while 77° 3$ of the females 
showed abnormally shaped erythrocytes. See Table 1 for a comparison 
of the male deer samples.

During the 1964 Santa Rita Experimental Range Hunt blood 
samples were also obtained from 17 white-tailed deer which showed 88.2$ 
had abnormal cells. . The rest of the white-tailed deer blood samples 
were obtained at roadside checking stations or from a captive 
white-tailed deer. All the samples collected from white-tailed deer 
in 1964 showed an average of 73°9$ with abnormal red blood cells, and 
those collected in 1965 showed 77°8$ with abnormally shaped erythrocytes, 
or 74.5$ of the 55‘ white-tailed blood samples collected- in 1964 and 1965. 
A comparison of abnormal, cells shown by white-tailed males (75°7$) 
versus white-tailed females (72.7$) shows no significant difference 
between sexes,(Table l).

Statistical (28) comparison of all the white-tailed deer studied 
versus all the mule deer examined showed virtually no difference in the 
percentage of deer which showed abnormally shaped red blood cells (74. Si0 
for the former and 75°6$ for the latter). Bor is there a significant 
difference in the percentage of males versus females which show the 
abnormal cells. = .

The most common shape seen was what has been called the hollyleaf 
or crenated. Besides this there were sickles, oat seed or matchstick 
shaped, and tear drop shapes (Figure l). A number of samples showed 
only the hollyleaf shape and normal looking cells in blood smears, but



15
showed t,he sicKLed shape in a hanging drop preparation (Figure 2)„ In 
some other samples no sickling was apparent until the blood had. been 
oxygenated; while in still others the first smears showed almost one 
hundred percept sickling. Sickle cells were most apt to be found 
at either the leading or trailing edge of a dried blood smear, but only 
irregularly in the interior of the smear. Only four mule deer (two 
from the San Diego Zoo and two from the Kaibab Plateau) have shown 
the classic crescent or sickle shape. All other classic sickled cells 
have been in the white-tailed deer examined. The other mule deer have 
shown such abnormal shapes as hollyleaf, tear drop and matchstick.

'Red blood cell counts made on some specimens obtained from 
captive -deer showed an average count of 10,000,000 (versus j),400,000 
in humans). Kitchen et al. (18) reported-values of 17,000,000 to 
20,000,000 red blood cells. The cells were observed to be somewhat 
smaller than human (3.5 - ^*5 mm., Kitchen et al.) but there was a 
large amount of heterogenity in size.

In several mule deer samples the packed; cell volume was 
determined to be in the range of 40 - 50 Hemoglobin concentration 
in these' samples ranged from 12 - 20 gram $. loth the packed cell 
volume and hemoglobin concentration were somewhat lower than those 
reported by Kitchen et al. (18) for Florida white-tailed deer. Packed 
cell volume, cell counts and $ grams hemoglobin could not be determined 
on the samples from hunters because of the delay in reaching the 
laboratory. :

Ih the second part of this study separation of the deer 
hemoglobins was attempted with electrophoretic methods.



Kjeldahl determination of the protein nitrogen in the 
hemolysates indicated the sample size to be applied to the gel.

Electrophoretic examination using the thin layer, agar gel 
glass plate in a modified LKB apparatus was unsuccessful in 
separating the deer hemoglobins into more than one component.
M l  the samples tested migrated at the same rate. The gel in 
addition had a tendency to melt at one filter paper wiek-gel 
interface, and a corresponding tendency to build up at the other 
filter paper wick-gel interface.

The starch gel electrophoresis with the;plastic-coated 
wooden container in the modified LKB apparatus was also unsuccessful.
M l  the-blood .samples tested migrated at the same rate,

.The high voltage paper electrophoresis apparatus which had 
been modified to hold an aerylamide gel was similarly unsuccessful.
M l  the blood samples migrated at the same rate. Regulation and 
increasing of the current were the main problems with this apparatus.

The fourth type of gel electrophoresis was carried out in an 
apparatus designed for vertical gel electrophoresis, and it was possible 
to separate at least two or possibly three hemoglobin fractions in a 
series of blood samples. One hemoglobin fraction appears in the 
samples where all the cells showed holly leaf sickling. In the samples 
where the slides showed normally shaped cells, this same hemoglobin 
fraction appeared, as well as a second hemoglobin band trailing the 
first (Figure. 3). In a couple of the samples the main band appeared 
broader with a more diffuse leading edge, possibly indicating a third
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F3G. 3. ACRYLAMJDE GEL ELECTROPHORESIS OF DEER 
HEMOGLOBINS, pHB.o. A-NORMAL; B-HOLLYLEAF; 
C-HOLLYLEAF; D-NORMAL.
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FIG. 3 - CONT'D. ACRYLAMIDE GEL ELECTROPHORESIS 
OF DEER HEMOGLOBINS, pH 8.9. A-HOLLYLEAF; 
B-SICKLED; C-UNKNOWN, D-TEAR DROP.



hemoglobin which is present in low concentration and moves faster 
. than the other two hemoglobins.



CONCLUSIONS

A total of 209 mule deer have been examined over two years- 
These deer have come from an 8,000 foot semi-isolated plateau 
(Kaibab Plateau), chaparrel grasslands (3-Bar Management Area), 
and a desert and chaparrel area (Santa Rita Experimental Range)- 
There was no significant difference at the 95# probability level in 
the percentage of deer from each of these areas which show abnormally 
shaped red blood cells- The percentage of females from both years was 
almost constant from both the 3-Bar and Kaibab, while the percentage 
of abnormally. shaped cells in males seemed to vary over much wider 
limits-; This, however, could be an artifact produced by the small 
number of males examined in 1964 from both these-areas. It will be 
interesting to see the relative percentage of females and males with 
abnormally shaped cells next year. 1

All of the fifty-five white-tailed, deer examined during this 
study were from various mountain ranges in southern Arizona- The 
percentage of.white-tailed deer (74-5#) showing abnormally Aaped 
cells was virtually the same as the mule deer percentage (75° 6#).
This is lower, than the frequency of abnormal shapes (93#) reported 
by Kitchen et;al. (18) for white-tailed deer in Florida,

1 The totals of abnormally shaped cells from males and females 
(white-tailed,as well as mule deer) showed no significant difference 
at 95# probability level due to sex- Thus it would appear that the 
appearance of the siekled cells is not sex linked.

20
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The vertical acrylamide gel electrophoresis has indicated 
the presence of at least one hemoglobin in those deer with cells 
that show the hollyleaf shape. This same hemoglobin also appears 
to be present in those deer which show the normal disk shaped red 
blood cells, in addition to a second slower moving hemoglobin which 
is present in lower concentration, A couple of.samples shewed a main 
band which was broader than the other samples, perhaps indicating still 
a third. hemoglobin which is present in low concentration and faster 
moving than the other two. It appears that the* hemoglobin which is 
found in the sickled cells is the "normal," hemoglobin in deer, and it 
is the presence of the second slower moving hemoglobin fraction which 
prevents the formation of "sickled" cells* Kitchen et al. (18) found 
five hemoglobins in deer blood using starch gel- and agar gel 
electrophoresis, while Weisberger (19) found four hemoglobins in 
white-tailed deer, and Miller et al. (20), found two hemoglobins also 
in white-tailed deer. Thus it would appear that more work remains to 
be done by electrophoretic and chromatographic means to determine the 
number of variant hemoglobins in mule deer and white-tailed deer in 
Arizona.
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