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VARTATIONS IN WHITE BLOOD CELLS BETWEEN
NORMAL AND RED LEG FROGS -

HAROLD M. KAPLAN#
Southern Illinois University, Carbondale

The total and differential white-
cell counts of normal frog blood are
known (1). The writer (2) has
shown that no sex difference exists
in the total white-cell count in nor-
mal frogs, but that a significant re-
duction occurs in this count in frogs
with red leg disease (table 1). Be-
cause of the importance of white
cells, a further analysis of the white-
cell picture was made by statistical
comparisons of the differential
white-cell count in normal frogs with
those in red leg disease.

MATERIAL. AND METHODS

Rana piptens and at times Fana
clamitans were used. No species dif-
ference in blood picture was noted.
Ninety-three normal frogs were com-
pared to 80 animals which presented
fullblown signs of red leg disease.
Tn addition, 40 animals in the ter-
minal stages of the condition were
studied. In the early experiments an
attempt was made to use only frogs
-which had acquired red leg in na-
ture. Since frogs appeared to de-
velop a natural resistance at certain
seasons, the disease was produced in
most cases by injections of Pseudo-
monas hemophila cultures. These

were obtained from the American-

Type Culture Company and were
maintained by alternate growth on
agar plates and broth. Artificially

% With the technical assistance ot Francis
Pantelis and Harvey Pitt.

and naturally infected animals had
essentially similar blood pictures.
Recently we have used another
more satisfactory method to grow
red leg cultures. Pseudomonas hemo-
phila is grown on a heart-brain agar
glant and incubated 48 hours at 37°
C. The slant is transferred every 24
hours. A virulent slant is washed
with 10 ee. of physiological saline.
This saline suspension is diluted
1/10 to 1/10,000 of its suspension
volume. 1 ee. of each one of the dilu-
tions is injected into frogs until a
dilution which’ produces the disease

- without quickly killing the animal

is obtained. Control frogs are in-
jeeted with saline -alone. Sterile
technic is used.

The total white counts had been
determined previously (2) on a
hemacytometer stage. The blood for
the smears was taken only from the
ventricle of the heart to rule out
possible differences between central
and peripheral blood. The smears
were stained in Wright’s or Giemsa’s
solution and studied under oil im-
mersion.

Only four varieties of white cells
were tabulated. These included ma-
ture lymphocytes, basophiles, eosino-
philes, and neutrophiles. Because of
the questionable nature of monocytes
and their rarity in the frog (3),
these were classified as large lym-
phoeytes and included in the Iympho-
eyte count. This procedure has been
followed elsewhere - (4).
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TABLE 1.—COMPARISON oF TorAL WHITE Broon Counts BErwery NorwAr AND RED
Lre Froes ror BoTH SExEs.

—\MM

No. of animals Sample mean Deviation of sample mean | t value
Male
Normal 50............. ... .. 16,134 1,240
Male 50
Diseased 50. . ........... .. .. 13,700 4,180
Er;ale
Normal 50.................. 14,161 3,091
E;I;l;le 20
Diseased 50. ... ............. 12,300 3,860

The results were subjected to stat-
istical analysis, using the Student t
equation. The level of significance
was chosen as 2.0. '

EXPERIMENTAL DATA

The total white count had been
found to be reduced significantly in
disease. The possibility of sex dif-
ference in both normal and diseased
frogs had been considered but no
such difference was observed ; the t
value between normal males and fe-
males equals 0.13 and that between
diseased animals equals 0.07. These
facts are summarized or derived
from data in table 1.

In the differential count the data
were collected without regard to sex
because of the absence of sex differ-
ence as noted above. In the acute
stage, a statistically significant rise
in lymphocytes was observed. This
was offset, however, by a significant
decrease in the number of circulating
neutrophiles together with a slight
decrease in eosinophiles. Except for

the terminal stages there was no
change in basophiles. These observa-
tions are summarized in table 2.

To check for changes in terminal
stages of the infection, differential
counts were done on 40 moribund
frogs. The mean percentages and
standard deviations were: Iympho-
cytes, 87.59 =4 5.56; mneutrophiles,
5.98 == 3.85; basophiles, 4.34 -+ 1.92;
and eosinophiles, 2.08 = 1.74. The
granulocytes have been depressed to
an even greater degree.

Some observers (5) have stated
that a marked leukocytosis occurs in
human beings under conditions of
cold and pregnancy. Because the
frogs were generally stored for one
to three weeks in a refrigerator and
also because gravid females were oc-
casionally used, control experiments
with non-gravid females kept at room
temperature were run to see whether
such conditions had any mnoticeable
effect on the experimental data.
Neither the total nor the differential
counts were appreciably altered by
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TABLE 2.—COMPARISON OF DIFFERENTIAL WHITE COUNTS BETWEEN NORMAL AND RED
Lee INFECTED FROGS.

Variety of white ‘ Standard deviation

cells Number of animals | Mean percentage of mean t value
Normal 93 6.74 3.35

Basophiles 0.60
Diseased 80 7.14 2.73

B Normal 93 20.75 10.60

Neutrophiles 6.54
Diseased 80 7.36 4.11
Normal 93 8.03 5.98

Eosinophiles 1.93
Diseased 80 6.30 2.23
Normal 93 64.48 10.63

Lymphocytes 7.12
Diseased 80 79.20 4.91

the environmental temperature or by
the gravid state of the animal.

The changes in the blood picture
are characteristic in red leg disease.
Figure 1 shows a bacteremia with
attendant vacuolization of infected
red cells and a predominance of lym-
phocytes which everywhere crowd
out the granulocytes. Figure 2 in
contrast shows a haemogregarine in-
fection, but most of the red cells
appear normal and the granuloeyte
line was found not to be depressed.

An explanation of the decrease in
the total lencocyte count was sought
in the findings in the differential
counts. This was done (table 3) by
converting the mean percentage of
each variety of white cell into the
numbers per cubic mm. in both nor-
mal and diseased frogs and compar-

ing the changes in these numbers

between health and disease.

The analysis of results in the
acute phase show that in spite of a
relative lymphocytosis (for every
100 cells) as seen on smears, there
is no substantial inerease per cubic

mm. (except for terminal stages)
because of a large drop in the total
number of circulating cells. On the
other hand, in the acute phase, the
neutrophiles decrease greatly and
the eosinophiles mildly. The baso-
philes may not significantly change.
In the terminal stages all granulo-
cytes decrease more sharply. The
neutropenia in particular more than
offsets any lymphocytosis, which ap-
parently explains the drop in the
total white count.

DiscussioN

Red leg disease is produced by
Pseudomonas hemophile and is in-
fectious for several species. The
characteristic effect is a hemorrhagic
septicemia (6). The writer has de-
seribed in this paper and elsewhere
(2) some of the gquantitative hema-
tologic changes involved. It is im-
portant to know the nature of this
usually fatal disease as an aid to
control in an animal so extensively
used as the frog.




173

White Blood Cells

0Z2°%9¢ 02°826 ¥V 172 s[mydoseg 960201 L9 oqrydoseg
0%°0L% 00628 80°¢2 0g°'9 o[ydoutsoyy 8¢ 9121 €0°8 Sprydoursory .
000 ‘€1 : SPI‘QT
0% 222 087996 86°¢ 98" L o[mydoryna N Iz gvig §L 02 srqdoxnaN ’
0L798E°TT | 00962 ‘01| 6828 0z°6. a14ooqdudry &% 2926 8739 | oylooqdusy
odeys o388 o38)s X
[BUlTIo T, Nnoy [euruLog, noy
(soremoy ‘wuw o xod (sopeUIay
‘w9 sod 88ejuoored uvopy DU SO[BUL [[® jO | junoo [8y09 o8uyusotod uropy pue sefeur & jo
JUNO0S [8)0% UI IoqUun N 1UN0Y [RIUBIOYI(T 988I0A%) ‘WIw "9 | uT Joquun N JUN0Y [BHUOIYIT 98eI0A®) ‘W 2

19d yunos [ejor,

10d Junos elog,

8801y peswesy(y 88013 reuwio N
"SOOUM TESVASIF ANV TYHEON NI "I 0O

Hag STHIWAN OLNT ST7U) HITHAM d0 SEDVINTOIAJ NVAN do NOISHIANOD-—'¢ FJIiav g,




174 Illinois Academy of Science Transaclions

F16. 1.—Blood smear treated with Wright's stain showing Pseudomonas invasion
with vacuolization of red cells and predominance of lymphocytes. A typical field.

About x 600.

The difterential white count in the
infectious diseases among animals
and man varies with the specifie dis-
ease, Leucocyte changes are among

the most conspicuous of the patho-
logical signs of infection and a dif-
ferential count can help determine
the nature of the infection. In red
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F16. 2—Blood smear trea

ted with Wright's stain showing infection with

Haemogregarina sp. Most red cells appear normal and the white count is not

markedly changed. About x 600,

leg disease there appears to be a
leucopenia, involving the granulo-
cytes and predominantly the nen-
trophiles. In any human disease
where the effects of the infection are

overwhelming there may similarly
oceur a leucopenia which is predom-
inantly a neutropenia (7). In the
diseased frog a sharp relative in-
crease in lymphocytes oceurs, even
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when the disease is in the early
stages, and it becomes more marked
in the terminal stages. This is not
unusual since there are many in-
stances of lymphoeytosis during
acute infections (8).

In the frog the lymphocyte is said
to be the usual progenitor of all
other cells in the peripheral blood.
Directly after hibernation the blood
cells are produced in the bone mar-
row, and later in the spleen and in-
testinal submucosa. These sites of
blood cell production are apparently
not depressed in function sinee the
stem cell has been found in this study
to inerease in percentage and per-
haps in concentration at all times of
year in response to Psendomonas in-
fection. Its derivatives, the gran-
ulocytes, tend to be destroyed, prob-
ably in attacking the invading or-
ganism. The resulting leucopenia is
of grave import, since it indicates a
depression of vital funetion which is
always fatal within our observations.

The inecrease in lymphocytic stem
cells appears to be a compensation
for destruction of adult granulocytes
and may represent a ‘‘shift to the
left.”” Transitional or immature
cells not found in healthy animals
appear. This perhaps indicates re-
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generation in hematopoietic areas.
Normal values for the types of
white cells, although given in the
literature (1), were redetermined in
this paper because a more immediate
set of standards was required for
statistical comparison with values in
disease under comparable conditions.
Also, our results are based upon a
larger sample than that used else-
where to obtain normal values.

SUMMARY

Normal values for the types of
white cells in frog blood were deter-
mined. The total white-cell count of
frogs was significantly reduced in
red leg disease. Differential counts
showed a significant decrease in neu-
trophiles and a slight drop in eosino-
philes with a concomitantly signifi-
cant rise in the number of lympho-
cytes. In the acute stage there was
no change in basophiles. The sup-
pression of all granulocytes became
more evident in terminal stages of
the disease. Conversion of cell num-
bers from percentages to numbers
per cubic mm. indicated that the
granuloeytopenia more than compen-
sated for any increase in lympho-
cytes, thus apparently explaining
the observed total leucopenia.
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