HERE BA A MEER %
MBS Bivel B wize

[. £ES BREB Qo4 WME MESH W
Fx ¥ @
AT MEFAE RSB PSRRI

ALTERATIONS OF BLOOD CELLS AND HEMATOPOIETIC
FUNCTION DURING THE EXPERITMENTAL STARVATION

I. PRELIMINRY HEMATOLOGICAL OBSERVATION IN THE COURSE OF
STARVATION ON RABBITS.

Bang whan Lee. Department of Veterinary Internal Medicine,
College of Agriculture,
Chonbuk University.

Practioners are well aware of the need for routine hematological examination as zn zid to
establishing definite diagnoses of various diseases, Some of these conditions, however,
are often manifested ty anorexia. Although blood changes in the course of discascs are
mainly attributable to specific etiology concerned, there is a possibility that changes in
Llood cells mmay bte an effect of starvation or complete anorexia. The present studies were,
therefore, undertaken in an effort to gaining more information as ts to the blcod cell changes
in the course of starvation, as measured by routine hematological examination,

Numero.s oh:zervations on the pathological changes duriag the starvation o’ various
animal species and human, especially o small auimal l-ave been reported.(1-9)
Takizawa 1) concluded that the main causes of the pathological change: it undernutrition
of dogs, krowa as chronic starvation, are unta’anced consumption o. nutrients in body
ard resorptioa o! its catabojic substances, and that it diilers {rom complete starvation
in that rathological changes may be attributable to the catabolic action o. body constitu-
ents. He also showed hematological differences in both conditions: The decrement of total
blood volume was more severe in starvation than in undernutritional condition.
Increased biood sedimentation time, decrement o specilic gravity in blood aad plasma,
fow hematocrit value, low erythrocytic and leukocytic counts and low hemogiobia value,
were usually seen in underautritional coadition, whilc: almost normal ranges were
retained in complete starvation.

On the other haund, the receat work o Chu(6) demonstrated the hemoconcentration
with the increased hemoglobin volume and hematocrit value in experimental complete
.drvation on rats. This work was conducted with blood samples {rom the heart o! rats.
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In regard to the hemoroietic organ in exrerimental starvation, Iketa(7) reported slight
hyperplastic condition of red marrow in eariy stage of starvation. Suzuki(4) also sugge-
sted active hyperplastic function of bone marrow in eariy stage and marked atrophy of
Iymphatic apraratus in the experimental starvation on small animal.

Sato’8) ad Pashimoto/9) recently demonstrated the atrophy o’ fat marrow with the
formation of gellatinons marrow in starved rabbits and according to Fashimoto these
cranges wers restored in one to three days a ter re’'eeding.

There were ‘ew studies reported on the starvation in large animal. Nakamura et al(10)
observed on a horse with doubtiul healthy coadition and Miyamoto 11) dealt with 5 hortes
aflected by in‘ectious anemia.

Shinosaki et al(12) studied undernutrition of human and indicated the marked diminution
o° myeloid and lymphoid cell formation. Ueda(13,; and Misao{14) suggested that reduced
erythroietic and leukopoietic “unction may be rarticu'arly caused by disturbances in matu-
ration of normob'asts and my<locytes respectively. In addition, they reported the distur-
barico of monwocytic formation. Natsu(15) demonstrated decreased lymphocytes and fewer
mitochondria in cytoplasm of lymphocytes and monocytes by means of surravital stain of
leukocytes.

Many o the literatures cited above suggested a poseibility ol hemopoietic disturkances in
starvatica or undernutrition,

On the other Fraud, Ancel{16) described in his report on human starvation thtat incre-
ased erythropoiesis' was found in the sterral marrow o anemic and starving persons.

The possibility that excessive peripheral destruction of the red blood cells may te
involved was suggested by regorts ol hemosiderin deposits in tissue, particulariy spleen
and liver o starved human a=d animal (16,3, 19,20.21;.

Extensive observation were made on hematological changes following starvation of human
(16, 17, 18) and animals, and divergent results have been reported. In summarized view,
apart ‘rom species, these divergences may be attributed to the length o period of starv-
ation, degrees ol starvation in quality and quantity ol nutrients aad other factors such
as shi'ts in body hydration and coucomitaut diseases, which in themselyes may radically
alter the composition of blood.

The paper herein reported concerns a preliminary observation made on starved rabbits by
means of routine hematological examination, Particular emphasis was placed on the alteration

of reticulocytes as a regenerative change in the course of complete starvation,
MATERIALS AND METHODS

1. Test Animal.

Animals employed in this e<periment were 8 adult rabbits weighing 1.87 to 2.14 kilog-
ram, 4 males and 4 females, 6 white and 2 grey in color.
They were fed usual diets in the labolatory animal cages. The animals were selected
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after strict inspection of healthy condition. Rabbits in a state of undernutrition, or
infested with parasites, or shcwing low erythrocytic count, lcw hemoglobin volume, or
high leukocytic count were excluded from this experiment.

During the starvation, they were kept under well hygienic care and werc restricted of
all food intake with the ecxception o water uatil death.

The examiration was carried out until death which included erythrocytic count.
hemoglobin estimation, hematocrit measurement, reticulocytic count, total leukocytic count,
differential count of leukocytes, microscopic observations of rolychromatic erythrocytes,
nucleated red cells and cell morphology, and measurement of body weight and rectal
temperature.

2. Procuring Blood.

Blood samples were obtained by venipuncture using hypodermic needle from ear
vein. Special care was taken to keep similar condition of venous distension at the
time of venipuncture, since the condition of ear vein might alter their blood
comgozition. Particulariy, for the hematocrit measurement, 1 ml. o: blood was obtain
by 2 ml. o syringe {from ear vein and poursd into a sample bottle coataing anticoagul-
aunt. Anticoagulant was composed of ammonium oxa'ate 1.2¢ and potassium oxa'ate
0.8g in 100 ml of water. One-tenth mi of thiz solution was measured and dried in a
sample tottle. According to Wintrobe this anticoagulant is most satis ac tory if the strjn-
kage in volume o packed red cells is to be avoided. (23)

3, Erythrocytic(R.B.C) and Ieukocytic(W.B.C) Counts.

Fer the R.B.C and W.B.C counts, Thoma pipgpetes and Tiirks hemocytometer with
two sides o” counting chambers, were used. The blood was diluted with Fayems and
Tilrks solution respectively. Two cell counts were made on Loth sides o a Femocytome-
ter and the values averaged.

If the difference between the two sides was greater than 10 percent, slide was re-
charged after removing the dilution in pipretes ard arother count was made until the
total ‘cr each side were in hetter agreements in order to control any gross error due to
iradequate mixing.

4. Hemoglobin(Hb) Estimation.

Hellige hemometer (made in FHellige Inc. U.S.A) wzs used for Bb estimation.

As acid hemratin color altered with the time and temperature, the measuring tule
containing the mixture o 0.1 N HCI and blood, were kept in water bath at 50 C for 15
minutes and then diluted with distilled water until the color was exactly that of stan-
dard. (22

5. Estimation o  Laematocrit (Ht).

Ht was estimated by centri ugation (3300 r.p.m.%or 39 minutes) in Wintrobe Ht tube
of blood samples that had been treated with anticoagulant, and M.C.V. were calculated.

6. Reticulozytic count.



Blood smears were stained supravitzly with brilliant cresyl blue and then counterstained
with Giemsa stain by the following methods: A small drop of brilliant cresyl blue (C.I.
No. &77) dissolved in abtsolute alcohol to give (.5 per cent dye solution was placed at one
end of a slide, and allowed to spread out on the slide. The stained area should not exceed
about tow-thirds of an area of coverslip. The stain was then allowed to dry so as to yield
thin film of the stain, A small drop of blicd. obtained ty venipuncture, was placed on a
coverslip. The coverslip was then laid on the stained end of slide to make the blood
coming into contact with the stain, Orly zbout two-thirds of the coverslip was applied to
the slide leaving one-third surface of the coverslip free from the edge of the slide.

Thnese were then allowed to stand in a moist chamber for 15 minutes s0 as to give &
maximum penetration of dye into red cells. In the meantime, blood and dye were mixed
once on the slide bty elevating gently the free ~nd of coverslip. This wet preparation was
then taken out from the chamber and any moisture adhering on the slide was allowed to
evaporate Ly warming slightly the slide on an aleohc! lamp. The free end of coverslip was
then obliquely lifted and the cther end was :lid on the slide so as to yield a stained blood
smear in the usual manner. The smear was allowed to dry.

Decoloration aund {ixation were made with absolute methyl alcohol and counterstan
with Gilemsa stain. For the reticulccyte count usually 3,000 red cells were examined
(C.000 cells or more when reticulocytes were less numerous.) Counting was facilitated by
placing into the eyepiece of the microzcoye a piece ol paper of adejuate size,

7. Stained Blood Film for Diferential Count ¢ Leukocytes.

Two smear preparaticns were made, and one was stained with Giemsa and the other
with peroxidase Ciem:a stain.

For diifereatial count ol leukosytes, 200 of W.B.C. were examined Ly means ol four-
iieid meander method in each smeor rreyaration and a total of 400 of W.B.C. in two
preparations were calculated.

I addition. the nucleated red ceils, Turks irritation cell ard plasma cells, which
may o.ten aprear normally in rabbits’24), were counted.

Folychromatic R.B.C. were also counted in aprenranes per {ield (apprexzimately 230
red cells in a field) with the examination o 20 iields at the least.

Red cell morphology was also observed in the biood smear examination.

RESULTS

Summarized data in the experiment were shown in Tables 1 to 8 and and Figures 1 to 8.

BODY WEIGHT AND RECTAIL TEMPERATURE.

As is shown in Table 9, the average decrement ratio o’ body weight on the terminal
day o starvation was 3.3 == 7.5 per cent, the range widely varyirg from 24.5 to 46.3
per cent in 8 rabbits.

The average duration of lifc until death was 10.25 -+ 2.6 days, the range being from
6 to 14 days. The data in Table § shows that the decrement ratio o body weight varies
and is not always proportional to the duration of life.

Tre rectal temperature dropped to obviously subnormal temperature in 2-3 days be ore
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death with a tendency to ‘all gradually rom the middle stage o: starvation in all ol
8 starved rabbits.

Table 9. Decrement ratio of body weigh in the starvation o rabbits.

| {
sl 12 3 4 s 6 1 8 average
Body weight(kg
before starvation. 1.95 1.91 2,00 1.87 2.00 2,00 2,14 2,05 1.,99+0.08
Body weight(kg)
on the terminal
day of starvation 1.22 1.41 1,51 1.23 1,33 1,16 1.15 1,43 1.31+0.14
Decrement ratiof?; 37.4 26.2 24.5 342 33.8 24,0 46,3  30.2 343 +7.5
Days of duration
until death. 14 8 6 12 18 11 11 12 10,25+2.6

ERYTHROCYTES(R.B.C), HAEMOGLOBIN(Hb), and HAEMATOCRIT (Ht)

As is shown in Tables 1-8 and on Figures 1-8. R.B.C. counts per c.mm. oI blood oa
the day before starvation in 8 rabbits showed the raunge from 5.00 to 6.02 million and
tended to rise gradually in the course of starvation with the exception ol case No.6 and
g, in which no anpreciable changes were observed.

R.B.C. counts o1 the terminal day ol starvation ia 6 cases that showed a tendecy
to rice, showed the range irom 6.26 to 7.14 million. the rise being anproximately 10 to
30 per cent.

Hb volume per 100 ml o blood during the starvation showed a moderate rise coinciding
with the rise o° R.B.C. in 6 cases, while in case No.8 there was no significant change
in Hb. or R.B.C. counts and No.6 showad a moderate rise in Hb, although R.B.C.
count remained unchanged.

Ht. value during starvation showed a sligat rise it case No.1.2,5 aad 7 aad »no cha-
nges in No.3 and No.4 whaile a slight fa'l was shown in case No.6 and No.8.

M.C.H.C.was slightly increased and M.C.V. was slightly diminished excapt in case No. 4.

For relerznce, averages and standard deviatioss of these in 8 rabbits on the day
hefore starvation and on the terminal day of starvation are given inTable 10.

As shown in the table, the data bhe ors starvation were in approzimate agreamet with
those on norma! blobd o’ rabbits reported by Kowaaawa, Wiatrobe et al, Casey et al,
and Sabin et al.(24.25,26,27.)

Table 10. Means and Standard Deviation on 8 Rabbits.

R.B.C.(mill,  Hb.(g) |. Ht.(%) M.C.H.C.()| M.C.V.cw)

T

11.6+0.82 | 33.0+1.9

| {

Before starvation 5.6+0.5% | [ 29.0+1.9 ; 7)+3.9

Terminal day { { i

of starvation 6.44+0.55 ; 13.0+1.50 4).7+3.7 | 32,1429 64+2.9
| :




RE TICULOYTES(Retics), POLYCHROMATIC ERYTHRCCYES AND MORPHOLOGY
OF ERYTHROCYTES.

As shown in Fig. 1-8, the reticulocytes were persent in circulatory blood in 6 cases
(No.1-6), the range varying from 25 to 76 cells per thousand R.B.C. on the day before
starvation, fell abruptly on 3rd to 4th day o’ starvation, and gradually decreased in later
stage In the other 2 cases. No.7 and 8, the reticulccytes were less numerous, the number
being less ttan 30 cells, and were gradvally redvced in number in the course of starvation.
In all of 8 cases, these were decreased to the extent of more or less 10 cells per thousand
R.B.C. on 5th day of starvation and less than 10 cells on the 7th day of starvation.

As shown in Table 11 and Fig. §, the average percentage of reticulocytes was abruptly
lowered on the 3rd to 4th day of starvation to the extent of less than 30 per cent of the
normal level on the 4th day and gradually of approximately 10 per cent of the normal on
the 7th day of starvation,

Table 11. The Average Number and Percentage ol Reticulocytes in the Course
of Starvaton o1 § Rabbits. (from data in Table 1-8)

Days of starvation Before 1 2 3 4 5 7 9 11
Average No. of Retics 45.3 41,0 35,4 245 12,3 10,7 49 4.9 2.1
per thousand R.B.C. +17.0 +14.4 +7.8 +7.2 +3.1 +29 +2.9 +2,1 +1.5
Average perccntage. 130 90,5 78.1 54,1 27,2 22,6 10.8 10.8 4.6
?;Jzinrr?lenl;c(l)f rabbits 8 8 8 8 5 8 7 5 5
The appearance o° polychromatic
R.B.C. in the course of starvation '“}\
was almost coinrcided with the fall in the or N
number o} reticulocytes. jj \"\\
in 6 cases, No.1-6. which showed e 3

iiumerous reticulocytes, 3 to 5 polycihromatic R.B.C. b
per {ield were observed, compared to 1 cr Tk
2 cells in the other 2 cases, No.1 and 8.
During the starvation, the number of
polychromatic R.B.C. was decreased

[AJ ——" 1 1 n §

Bel . A . - x
abruptly on the 3rd to 4th day of e latadten ¢
starvation and almost disappeared as Fag e taaton m Ave ise v Ui of Btodogyles
early as on the 5th day in case No.3, more s el et bt e ek 1)

and oa Tth day in other 6 cases, and none was

found on the §th day ol starvation in all 0. § cases.
The variation of polychromatic

R.B.C. and reticulocytes during

starvation in rabbits seems to suggest that

the erythropoieic {function is markedly
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restricted oa 3rd or 4th day o starvation and suspeuded almost completely in about a
weex ol starvation.

The aucleated R.B.C. in circulating blood was considered insignificant as it was only
encountered in No.4 rabbit with oaly 1 cell in the course o starvation.

Anisocytosis, poikilocytosis and alteration of stain in R.B.C. were not observad in
he course o starvation.

Diameter of R.B.C. examined in 4 ca-es. No.1-1, after measuring 200 R.B.C. in
each count o smear pregaration showed ro signiflcant =hift: ir Meau Corpuscular
Diameter (M.C.D.) and Frice-Jozes curve, although there wius a tendency that the num-
ber of macrocytes was limited during the starvation, The resulie are shown in Tavic 12.

Table 12. The Shifts in Diameter of of R.B.C. in Starvation.

; _ f )
Case No. of ; . 3
rabbits 1 2 1 > , )

M.C.D.  RangzM.C.D.  RangeM.C.D. RangeiM.C.D. Rangej

Before starvationiu’ $.37 0 45710 613 4575 593 4.5-7.5) 615 4,575

Terminal day :
.91 4.5-7.0 .11 4.5.7.0 5,93 4.5-7.0; 6.91 4.5-7.0

{
|
5
¥
!
of starvation'u” :

ILEUKOCYTES (W.B.C.)

As showit o1 Figures 1-8, the number of W.B.C. in the courze o7 starvation gradually
fell ir all 0! § cases  thourh there were irvegular and trascient fluctuatisns i the curve.
On the day hefore starvation, the average i1 § rabbit: was 7800 per cubic millmerer
of blood, the range befig {rom 6300 to £100. On the termival day examined the averace

12 8 rabhits was 5100, the raqce xint: fro 2700 to N80y,
its decrement ratio on tire terimiial day in each rabbit wide'y vaiicd from 13 per cent
to 64 per cent, the average in § caves being 34 18.2 per cemt.

The decrement o” total numixy ¢ W.13.C. in eash rabbit w=s siven in Table 12.

Table 3. The Decrement of Number of Leukocvtes in Starvation.

Case No. of ’ | !

i rabgirs? ? P 2 3 4 5 6 7 8 [ Average |
| No. of W.B.C.(10) i :
: before starvation © 8078 77 84 TS 75 17 6.5 | 7.6+0.55 |
a v | :
i Terminal counts. 10 of ‘ /
g W.B.C. in starvation. 6.3 6.8 5.2 6.5 4.2 2.7 3.5 4.3 i S.1+1.6
Decrement ratio.. =) ;21 13 20 33 4 64 55 34| 34+18.2 %

: i '

For the differential count of leukocytes, six of the types. namely, the lymphocytes,
neutrophilic (pseudososinophilic) leukocytes, eosinophilic leukocytes, basophilic leukocyt-

es, moaocytes, and the proplasmacytes and plasmacytes were differentiated and their
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rolative percentage were listed in Tables 1-8; the lymphooytes and neutrophiles were
plotted only in absolute number.

The lymphocytes were diminished gradually from the onset and markedly at the later
stage in 6 of 8 rabbits, while in the other 2 cases, No. 3 and 8, there was irregular and
transient rise in the number of lymphocytes.

On the other band, tle neutrophilc leukocytes in the 6 cases, in which there were
gradual fall of lymphozytes, showed a tendency to fall with irregular curve in early
stage, and reiise im contrast to marxed fall of lymphocytes in later or terminal
stage; while in the 2 cases, No.3 and 8, which showed transient rise in the number
o’ lymphocytes, neutrophylic leakocytes were deoreased during starvation.

It was, there‘ore, obvious trat the gradual ‘alls of total number or of W.B.C. during
starvation were mainily attributable to the decrease ol lymphocytes in 6 cases of 8 rabbits
aund to that of neutrophilic leukocytes in other 2 cases.

According to Korarawa (24), the band cells, as the only form 0  young neutrophilic
leukocytes in cirulating blood in normal adult rabbit, were as low as 0.4 per cent o
total W.B.C.. the metamyelocytes and the myelocytes being almost absent.

The range o° band cells on the day be'ore starvation in § rabbits was rom 0.25 to
1.75 per cent and the metamyelosytes were very rarely present, only to the extent of
1 cell per 400 cells o W.B.C. in No.41 aad 6.

No aprreciable shi'ts in nuclear index were observed.

The eosinonshilic leukoytes oa the day beore starvation in § rabbits ranged -rom 1.25
to 3.25 per cent.

During t‘:le starvior, the level of eosinophilic leukecytes in 5 cazes, No.1, 4. 5. 6, and
8 was low, the range being ‘rom 0.5 to 0.75 per cent o1 the termiral day, and ir cases
No.2, 3. 7 there was no appreciable ‘all o’ relative percentage, but absoiute number
was slightly decreased.

As had been suggested in his report on the normal blood of rabbits by Kohanawa(24),
the hasophilic leukocytes were so rarely encountered as to be o any significance.

Mono:cytes varying on the day be’ore starvation from 1.5 to 3.25 per cent in § rabbits
were little altered during starvation. It may be pointed out that the diferentiation bet-
ween the mornocytes and large lymphocytes in rabbits was not intended and the data on
monocytes may be subiect to modification.

Accvording to Koharawa(24). proplasmacytes or plasmacytes appeared frequently in
smal]l number as low as less thaa 0.6 per ceat of W.B.C in circulating blood of mormal
rabbits.

In the ecrerimeat, the:ze cells were present in 3 ca‘es, No.1, 2, and 4, the range
heing {rom (.25 to 1.00 per cent on the day hefore starvatioa.
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During starvation. a relatively greater number of plasmacytes than normal were seen in
7 cases of 8 rabbits particularly in later stage of starvation aund in another case, No.3,
which died within 6 days, the shortest course of all, no plasmacytes were found through-
out the course.

It seemed aprarent that correct interpretation on the eosinophiles, the moocytes and

the Turks irritioa cells and plasma cells in starvation must await further study, as
these cells were so few as to warrant any conclusion.

DISCUSSION

The most striking in erythrocytic series in peripheral blood in this study was restricted
regeneration of R.B.C.. as suggested by marked fall in the number of reticulccytes and
polychromatic R.B.C., while R.B.C. count, Hb. content and Ht value maintained normal
range or showed a slight hemoconcentration. ‘

As the concentration of R.B.C. in circulating blood was thought to be dependent
mainly upon the dezres of regeneration and destruction of R.B.C., the variation in
volume of blood plasma and partially upon the distribution of R.B.C. in body orzan, .it:
may he considered that the maintenance of normal level Or an’evidence of slight hemoson-
tration of R.B.C. in starvation, in spite ol markedly restricted rezeneration, was mainly
resulted from a proportionate loss o” blood plasma.

The decrement in tota! blood volume and in volume o blodd plasma in starvation
had been described by Takizawa/l), Ancel Key and many other workers (16, 17.).

The possiblility of de:zrzased erythropoietic function in starvationr had been also
suggested.

Sato(8) and Hashimoto(9) recently rejorted atrophy of fat marrow with the for.nation
of gelatinous marrow in starved rabbits, On the other Fand lketa:7) and Suzuki(4).
reported slight or active hyperplastic function of tone marrow in early staze of starva-
tion.

No work on the reticulocytes in circulasing blood ia starvation has been reported in
the literature.

In this study. the avirage rercentage o’ reticulocytes i1 § starved rabbits abruptly
fell on the 3rd to 4th day of starvation, with the correspoaling disappearaace of polyc-
hromatic R.B.C.. an evidence of inadequate response of the bone marrcw.

Stight incrsase ip M.C.H.C. and slight decrease in M.C.V. in the starvation were
observed, although the erythrocytes were not of the normochromic normocytic type.

In M.C.D. and Price—Jones curve in diameter of R.B.C. no appreciable shifts were
shownt, althoigh macrocytas were preset in small numbers.

Slight changes in M.C.H.C. and M.C.V. aad fewer macrocytes may have resulted
from disappearance of Retics. or polychromatic R.BIC..

The possibilty of eccessive perpheral destruction of R.B.C. in starcatior of human
and animal as evidenced by hemosiderin deposits ip tissue., were suggested by many
workers. Im this study, poikilozytoses, which frejuently appears in anemia caused by the
excessive destruction o R.B.C.. was not observed.
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The gradual decrease in total numbter o W.B.C. in all of starved rabbits was stri king.

Numerous observaions on the leukocytes in circulaiong blood in the starvation of man
and aaimal had been made with conflicting results, although the diminutions of myeloid
and iymphoid cell formation were suggested.

In this study, the decrease in total numter of W.B.C. was due mainly to the diminu-
tion in the absolute numtbter of lymphocytes in 6 rabbits, and in other 2 cases due to
the decrease in the number of neutrophiles,

The edsinophiles were markedly diminished in relative and atsolute numer in 5 cases,
but only slightly decreased in absolute number in the other 3 cases.

Rud {14475, Suzuki[1954), Wilkeimj et al (1934) aad Pertoff (1954) demonstrated the
decreare in ecsincphiles in the eXperimental starvaticn on small animils and it was attri-
buted to the stress arising from feeling of hunger and from metabolic derangement(28).

As reported by Kchanawa’24), the tasophile was so rarely present as to arouse little
inicrest.

On the moneeyt:s, no comstant variation was obscrved in this study, while Ueda(13)
and Misao(14) suggested diminution of monceytic fermation.

As was deoscribed a'ready. differentiation between monocytes and lymphocytes in
circulating bleod of rahbit was nct intended with the staining methods used and the
criticisin o it wouid net be avaiable in this study.

The vature of proplasma cells is not definitely knowr and at preseat no diagnostic
importance could be ascribed to them.

In maadz9, 30.), Tiirk cells appear in the blood in considerable numbers in conditions
associated with irritation of bone marrow, notably in primary and secondary anemia,
leukemia, malaria aad in the Icukocytosis of pneumonia. and plasma cells are seldom
scen in circu'ating tloed but atypical plasma cells are of diagnostic significance in multiple
myeloma.

Therefore it was cousidered that the tendency of increase in the number of these cells at
fater stage of starvatioa is problably due to unusual irritation of bome marrow in response

to catabolic consumption of body constituents.

SUMMARY

A routine hematological observation inm the course of starvation was carricd out on eight
experimentelly starved rabbits. They were strictly selected and restricted all of food
intake with the exception of optional water intake until death. '

The body weight of each rabbit on the day before starvation was about 2 kilograms.

The results are summarized as follows.

1. The average decrememt ratio of body weight on the t=rminal day before death
was 34.3 & 7.5 per cent with the range from 24.5 to 46.3 per cent,
The average life duration until death was 10.25 + 2.6 days. the range being
from 6 to 14 days.

2. The decrease in number of reticulocytes with a parallel disappearance of polychro-
matic erythrocytes in peripheral blood in the course of starvation was the most
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remarkable change in erythrocytic series. an evidence suggesting marked restriction
of the erythropoietic function on 3rd to 4th day and almost complete suspension
in about a week of starvation.

3. Erythrocyte count, hemoglobin content and haematocrit value of peripheral blood,
were normal or indicative of slight hemoconcentration.

4. Mean Corpuscular Hemogloin Concentration was slightly higher than normal and
Mean Corpuscular Volume tended.to be low and no appreciable shifts were obser-
ved in Mean Corpuscular Diameter and Price-Jones curve of erythrocytes, while
fewer macrocytes than normal were seen.

These changes were considered to have resulted from a marked decrease it young
erythrocytes in peripheral blood in the course of starvation.
Neither poikilccytoses or anisosytosis was observed.

6. ILeukopen'a was observed in all of 8 starved rabbits. The dccrement ratio on the
terminal day of starvation was between 13 to 64 per cent. The leukrpenia was
mainly due to fall of lymphocytes in 6 cases and to fall of neutrophilic leukocyt:s
in the other 2 cases. In many cases, irregular fluctuation of neutrophilic leukocyti-
es in its biological curve were seen in contrast to the relatively smooth changes of
lymphocytes.

Eosinophilic leulkeeytes tended to deercase in absolute number especally in lat-r
stage of starvation.

Little significance in regard to monocytes and kasophilic leukocytes i this study
was discussed.

~3

Proplasma cells, rarcly plasma ciils, appiared with a teadency to increase in
number at later stage of starvation.

8. The most characteristic changes on circulating blocd cells i1 complete starvation
of rabbits were the leukoponia and failure o regencration of <rythroctes.

These changes were considered as adaptive phensmena in response to the catabslic
consumption of hody coustituents.
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TABLE I. BOOD CELLS IN THE cOURSE
- Before After starvation

Date of experiment (1958) Mar.19 20 21 22 23 24 25
Course of starvation (days) 1 0 | 1 2 3 4 5

|
Body weight (Kg) 1.97 1'95t 1.85 — 1.82 —_ 1'60/
Rectal temperature (F) 103.1  102.6 | 103.5 — 102.2 — 102.4
R.B.C. count(10¢/c.mm.) 5.92 6.30 6.34 6.20 6.02 6.82 7.11]
Hazmoglobin(g/dl) 120 11.7] 12,0 i1.5 12,0 12,5 128 l

!

iJ t

Fasmarocrit{ 2;) —  41.0 i —  40.0 — — —t

: | |
M.C.H.C.(9%: — 28.5 ! —  28.8 - — *‘t}

1 !
NM.C.V. (c.ut. —  65.1 i —  64.5 — — —
|
Retionloeytes © 7 47.0  49.00 4.0 36.0  36.0 140 13.0
i I
W.R.C.count{ 10 /c.min.) 9.3 8.0 7.0 6.8 9.9 10.1 7.5
e T 5.5 425 475 56.0  55.5 585  39.0
Neutrophiles (4883) (33000 (3325) (3808) (5490, (5909) (2925)
T Myelocytes 0 0 0 0 0 0 0
b3 | .
£ & Metamyelocyte 0 0 0 0 0 0 0 \
ZZ \ :

o = Rand cell 0.25 0 1‘ 0.25 0.75 0.5 1.060 0.75
.21 T Degenerative tand ]
2zt ogeell 2.25 2.25 1.25 3.0 3.5 3.25 0.75!
2§ : |

2 =27 lobes 50.0  40.25 46.0  52.25 51.0  54.25  37.50

S 7 Rosimophiles 1.7 1.0 0.50 1.50 0.25  2.00  1.50
AL
g"gIBa)up‘u]es 0.25 0 0.25 0 0 0.25 0
-3 = |
- « Lymphocyte 43.25 53.5| 49.25 40.5 42.0 35.0 56.0
g o (4022) (42800 (3448) (2754) (4158) (3535) (4200)
g T Monocyte 20025 25 .75 2.25 3.5 2.25
55’ “irks irritation cell {

‘,5"“’&,1“ Plasma cell 0.25 0.5 } 0 0.25 0 0.75 1.25
Nuclcated R.B.C, 0 0.5 " 0 0 0 0 0
Poivchromatic R.B.C |

(per field; 4-5 4-5 4-5 3-2 3-2 2-1 1.0
Sequeiae !




OF STARVATION RABBIT NO.1 (8)

26 27 29 30 31 Agpr. | 2 3
5 7 9 10 1 12 13 14
— 1.49 - .40 — 1.27 — 1.22
—  101.8 —  101.3 — 100.2 98.6 95.8
6.45 7.26 6.81 7.05 7.63 7.43 7.4 6.90
12.C —_ 12.4 13.2 13.0 13.5 — 12.5
46.3 ~ . .0 - 44.0 — —
29.5 — - 30.7 - 30.7 — —
63.4 — — 61.0 — 56.4 — —_
9 7.0 9.9 9.0 3.0 5.0 1.0 3.0
7.4 7.8 7.7 8.7 6.6 7.2 6.8 6.3
3735 515 66.0 71.0 63.5 86.0 81.0 79.5
(2756)  (3480)  (5140)  (6177)  (4191) (5760 (5508) (5009)
0 0 0 0 0 ¢ 0 0
0 0 0 0 G 0 0 0
0.25 1.00 1.25 1.00 1.50 o 0.5 0
1.75 2.75 4.00 3.25 2.75 2.25 2.5 3.0
35,95 5375 61.50  66.75  59.25 77.75 78.0 76.5
0.75 1.0 0.75 0 0 0.5 1.0 0.5
0 0 0 0 0 0 0 0
58.5 40.0 . 28.50  26.25  32.75 16.75 17.0 18.5
(4339) 31200 (2195) (%% (L6l (1266) (1156 (1165
3.0 1.5 3.25 1.75 3.0 2.5 ' 1.0 1.0
0.5 0 0.75 1.0 0.75 0.25 0 0.50
0 0 0 0 0 0 0 0
0.3 0.05 0 0 0 0 0 0

- S sl 1 Pt e |




TABIE II.

BLOOD CELIS IN THE COURSE

Before
Date of experiment (1958) Arr.19 2 J21 22
Course of starvation (days) 1 0 1 2
‘ |
|
Body weight (Kg» 1.90 1.91 1.80 —
Rectal temperaturs (F) 103.3 102.2 102.2 —
R.B.C. count{10%/c.mm.) 5.6 5.41 5.80 5.51
|
Haemoglobin{g/dl 11.0 10.8 11.0 11.0
{
; Haematocrit? 2 - 39.0‘_‘ — 39.0
! |
| M.C.H.C.(%) — 27.7 1 — 28.2
f s
? M.C.V. ‘cu.d — 72.0 ! — 71.0
i ‘
D Reticuleeytes: 71.0 76.0 | 63.0 49.0
| ;
’ i
! W.B.C. cunt{10/¢c.1n.) 9.0 7.8’l 10.4 6.7
P ) 56.0 62.5 | 69.0 40.5
3 i Ntx‘tl’\?lihllea (50407 (4875)] (7176) (3714)
"= Myelooytss 0 01 0 0
e & ‘
‘cg'._‘f Metanyel:cyies 0 01 0 0
Z 2 |
» |_~ Band cell 1.25 1.75 2.50 0.75
i‘;‘:’ I 21 Degencrative Land 1
JEZL E cel 2.75 8.25 6.25 2.25
SR T‘_:
PZg E2-T lobes 52.0 57.50 60.60 37.50
f _E‘ [
{  Z | Eosinophiles 3.25 2.25 1.25 2.0
Zw :
5 | Basophiles 0 0 0 0
25
g I ymphocytes 37.50 34.0 | 27.5 54.75
B E‘ (3375) (2652,‘: (2860) (3065)
=% | Monocytes 2.25 1.25 1.75 2.0
Y G
w2 \
= ¢ | Tiirks irritation cell
= 21 cr plasma c2ll 1.00 0 0.50 0.75
‘ H
e ——
Nucleated R.B.C. 0 U 0 ¢
Polychromatic R.B.C. ‘
(per fiedid) 4-5 45, 3-4 3-4
Complication i
|
£ b L LESLY | Vol 1. No 1



OF STARVATION ON RABBIT NO.2 (¥)

After starvation

23 24 25 26 27 28

3 4 5 6 7 8
1.70 — 1.57 — 1.46 1.41
102.0 — 101.5 — 100.4 100.4
6.09 6.20 6.06 6.80 6.57 6.26
11.0 12.5 12.0 13.0 _ 13.0 12.0
— — — 44.0 — —

— — - 29.6 — —

— _— — 65.0 — —
18.0 7.5 5.0 3.5 1.0 —
6.8 3.0 6.0 5.8 6.% —
48.0 68.5 70.5 61.5 77.0 —
(3264) (5480) (4230) (3567) (5236) —
0 0 0 0 0 -

0 0 0 0 0.25 —
1.25 1.75 0.75 1.25 1.75 —
2.00 4.25 2.25 2.00 4,28 —_
44.75 62.50 67.50 58.25 70.75 —_
2.5 2.0 1.75 2.00 1.25 —
0.25 0 0 0 0 —_
46.25 26.25 26.50 34.0 20.75 —
(3145) (2100) (1590 (1972) (1411) —
2.5 1.25 0.25 0.75 0.50 —
0.5 1.50 1.00 1.75 0.50 —
0 0 0 “0 0 -
0.5-1 0.5 0 0 0 —-

Cysticercosis (mesenteria) on postmortem exam.

Died on Mar. 29

)




TAELE IV. BICOD CELIS IN TEE COURSE

Befcre ! After starvation
Date of experiment (1958) Apr.25 30 May 1 2 3 4
Covrse of starvation(days) 5 0 1 2 3 4
- — -
Bedy weight (Kg, 1.85  1.87 1.80 1.75 1.70 1.60
Rectal temperature (F) 101.7 101.8 | 101.8 101.7 101.8 1¢2.0
R.B.C. count{10*/¢c.mm.) 5.66 6.21 6.49 6.32 6.45 -
Faematoerit g/ dl 11.7 12.0 12.0 12.2 12.7 —
Haematoer.t! 23 —  41.0 — 42.5 — —
M.C.H.C.{ % —  29.3 — 29.0 - -
NLCUVL eaL —  66.1 — 67.5 — -—
Reticulocyte {40 52.0 44.0 36.0 40.0 17.0 12.0
W.B.C.court 10°/c.mm.) 9.3 8.4 10.1 7.1 7.8 ¢.8
Neut 131'".’"“"""7 53.50 46.50 54.50 53.75 56.00 60.25
veutrophiles (4976) (3864} (5505, (3816)  (4368) (4114
=i Myelocytes 0 0 0 0 0 0
§§| Metamyelceytes 0 0!  0.25 0.25 0 0
ZzZ
.7 2| Band cell 0.75  1.25  2.25 2.00 1.25 1.25
£% T Degenerative band !
23 5 2.25  1.75  2.00 2.75 1.75 2.00
Zg  Z 27 lobes 50.50  43.00 50.00  48.75  53.00  37.00
-z e _ |
© 3 Eosinophiles 2.50 175 0.50 2.25 1.25 ¢.75
: <
£ |, Basophiles 0 0 0 0 0 0
58|
Z o | Lymphocytes 40.75 49.50| 41.75 41.75 41.25 37.50
2 (3790) (4158} (42173 (2964) (3218) (2550)
;*g‘ ' Monocytes 3.25  2.50 3.25 1.75 1.50 1.25
§ ) ' Tiirks irritation cell
A5 or plasma cell 0 0.25 0 0.50 0 0.25
Nucleated R.B.C. 0.25 0 0 0 0 0
Polychromatic R.B.C.
(Per field) 3-4 3-4 3-4 2-3 2-3 2
Sequelae




OF STARVATION ON RABBIT NO.4 (1)

N

12.9

7.0

62.5
(4375,
0

0.50
2.50
59.50
1.00

33.75
(2363)
2.75

0.5

100.8

7.00

13.0

9.0

8.4
70.5
(5922}

0

0

)
~1
W

66.00

.50

.75

[ )
—ra N
2
~1 N

{

-1 ~3

13.4

5.7

69.25
(3947
0

[= - N~ -]

100.4

6.85

13.0

7.C

7.2

76.00
(5472

0.59
.25
73.25
1.75

19.00
r1368)
2.00

1.25

0

Died on May 13

p-R -1

1.37
100.4

6.90

7.0

5.2

55.00
{2860)
0

2.00
53.00
0.25

41.75
[2171)
2.25

0.75

0

10
10

4.8

61.50
(2952}

60.25

34.50
(1636
2.00

1.50

4.0

5.1

83.50
(4259)

12
12

1.23

95.5

5.0

6.5

£%.00
(57835)

2.25
3.00
83.50
0.50

8.75
1569)
1.00

0.75

7




TABIE IlI. BZOOD CELIS IN TEE COURSE OF STARVATION ON RABBIT NO.3(%)

Bercre A t'r starvation
Dat» of experiment (1958) Arr.3 24 5 6 8 9 10
Course of starvaton 1 0 1 2 3 4 5 6
Body weight (Kg) 2.00 2.00 1.90 1.£0 1.70 1.63 1.55 1.51
Rectal temperatare (F) 102.6  102.7 102.6 102.0 102.6 102.3 101.7 100.2
R.B.C. court{10s/c.mm.) 5.45 5.17 5.60 — 5.54 5.60 6.00 6.41
Fa=moglobin( g/dl) 10.3 10.4 10.6 — 11.2 11.0 11.4 11.3
Fa matocrit{ %) — 38.0 — —  39.0 — 390 -
M.C.H.C.(%) —  27.4 — - 28.7 — 29.2 -
M.C.V. (cu.) — 73.0 ! — —_— 71.0 —  65.0 —
{

Reticaleeytes (%) 48.0 53.0 46.0 39.0 35.0 12.0 8.0 3.0
W.B.C.count{10°/c. mm.) 8.8 7.7 6.1 7.4 6.7 6.4 7.8 6.2
T T T T T 355 50,0 36,5 35.0  45.25 — 335 41.25

Neutrophiles (4004) (3850); (2226) (2580) (303D —  (2613) (2558
9 Myelocytes 0 0 0 0 0 — 0 0
E% Metamyelocytce 0 0 0 0 0 — 0 0
L2
s |_=PBardcll 0.5 0.25 0 0 2.00 —  0.50  0.75
%1 Y Degenerative tand
g5 § el 3.0 375 3.25  3.00 2.00 — 075 1.5
20 T
38 é 2—7 lobes 42.0 46.00 33.25  32.00 42.50 —  32.25  39.00
s}f Eosinophiles 7 3.25  2.25  3.00  4.50  2.50 - 2,00 1.28
i .
5? Basophiles 0 0 0 0 0 — 0 0
2 9L ymphocytes 48.25 45.001 58.00 58.00 49.50 —  62.00 55.50
w8 o (4246) <"3465)1 (3538) (4292) (3317) — (4836, (3441
2 & Monocytes 3.0 275 2.5 2.5 2.5 2.5 2.0
I
= g ‘Tiipks irritation cell
) éor plasma czell 0 0 0 0 0 — 0 0
. Nucleated R.B.C 0 0 0 0 0 — 0 0
. Pulychromatic R.B.C — 4-5 4-5 4.0 1-2 —- 0.05 0
| (per field)
g Complication ‘ Cysticercosis (mesenteria) Died on Apr. 11
i

— D Fi o

K T V.

™M

vol,

1.

No




TABILE V. BLOOD CELIS IN THE COURES OF STARVATION ON RABBIT NO.5 ()

Bercre Atter starvation
te of experiment (1958) May 18 19 21 23 24 25 26
Course of starvation 0 1 2 3 5 6 7 3
Body weight (Kg) 2.01 1.71  1.64 1.5 1.45 — —  1.33
Rectal temperature (F) 103.3 | 102.2 102.1 101.7 101.3 — — 100.0
R.B.C. count(10s/c.mm.) 5.000 5.70 —  5.68 5.97 6.03 —  6.53
Haemoglobin (g/dl) 12.0 14.0 — 14.4 14.2 13.8 — 14.8
Haematocrit (%) 37.0!  39.0 — 41.0 —  40.5 — -
M.C.H.C.(%) 32.5] 35.9 — 351 —  34.1 — —
M.C.V. (cu.) 74.0 | 68.4 — 1.0 —  67.5 — —
Reticulocytes( %) 54.0 47.0 35.0  20.0  10.3 — 2.3 —
1
W.B.C.count’10%/c.mm.) 7.5 1 5.8 7.1 6.4 3.8 — 3.6 4.2
- o TTTTTTT 26,0 26,0 41.5 28.5  19.25 — 4425 52.5
Neutrophiles (1950)’ (12485 (1947) (1824) (732 —(1593) (2205
. -U;Myelocvtes 0| 0 0 0 0 — 0 0
! , |
é-—;i\Memmvelocytes 0 i 0 0 0 0 — 0 0
Z. =
. Z2iBand cell 1.25 0 125 1.00 0 — 075 1.2
EC U|Degenerative band |
|25 Bleell 1.50 1.50 2.75  1.50  0.50 —  4.00  3.50
233 2 :
_;f’;: 2[2—7 lobes 23.25  24.50 37.50 26.0  18.75 —  39.50 47.75
EF Eosinophiles " T 2.25,  4.00  4.25  2.50  0.75 —  0.50 0.75
) t
£ Basophiles 0| 0.25 0 0 0 — 0 0
(=]
-: : ‘Lymphocytes 70. 68.25 51.75 68.25 77.25 —  52.50 44.75
S 3 (5250) (3959) (3674) (4368) (2936) — (1890) (1880)
g = Monocytes 1.75 1.50 2.50 0.75 1.50 1.0 1.25
P! _
Q
:‘Z 5 Tiirks irctation cell
:;S‘or plasma cell 0 0 0 0 1.25 — 1.75 0.75
Nucleated R.B.C. 0 0 0 0 0 — 0 0
Polychromatic R.B.C.
(per field) 3.0 3.0 2.0 1.0 1.0 — 0 0
Sequelae Died on May 27

>/



TABIEB VI. BOOD CELLS IN THE COURSE

K. J. V. M., Vol. 1, No. 1

C—_ SRR Before: - f----- --—Asfer starvabion - - - - ——
Date of experiment (1958) May 138 19 20 21 i
Course of starvation 0 1 2 3 ‘

|

Body weight (Kg) 2.00 1.80 1.72 1.66

Rectal temperature (F) 103.4 102.8 102.1 101.4 |

R.B.C.count 10¢/c.mm. ) 6.02 5.61 — 5.92

Haemoglobin (g/dl) 12.4 12.4 — 12.2

Hacmatsent( %) 39.0 42.0 — 41.0

M.C.H.C.(%) 3.8 29.5 — 30.0

M.C.V. (cu.) 65.0 75.0 — 70.0

Reticalocytes( ) 35.0 43.0 33.0 22.0

W.B.C.count{10sc..nm.) 7.5 6.6 6.2 4.7

How 35.50 37.25 36.75 39.00
Neutropliles (2663) (2459) (2279 (1833) |
— | Myelccytes 0 0 0 0 ;
| JF)
§.$_ Metamyelocytes 0 0.25 0 0
Z 3

o~ | =i Band cell 0.5 0.25 0.75 0.5
S8 | 2| Degencrative band

2| £ cell 1.50 1.25 1.00 1.75

Qe =
Za | B[ 2—7 lobes 33.50 35.50 35.00 36.75

[=] e |

8% | Eosinophiles 2.25 | 2.50 2.00 1.25

A

5 | Basophiles 0 0 0 0

g5
— o | Lymohocytes 60.50 59.00 59.00 58.25
58 (4538) (3894) (3658) (2738)

€% | Moncytes 1.75 1.25 2.00 1.50

-

(3]

¢ & | Tiirgs irritation cell
A & | or plasma cell 0 0 0.25 0

Nucleated R.B.C. 0 0.25 0 0

Polychromatic R.B.C.

(per field) 3.0 3.0 3.0 2.0

Sequelae

]
<3



OF STARVATION ON RABBIT NO.6 (%)
23 24 25 2 2 28 29
5 6 7 g 9 10 1
1.57 — 1.45 — 1.34 1.26 1.16
101.0 — 100.3 — 100.4 100.2 98.4
5.67 6.23 - 5.88 5.55 — 6.28
12.3 12.50 — 14.0 13.0 — 13.8
i
: — 38.0 - ~ 37.0 - 37.5
‘ -~ 2.9 — — 35.1 — 36.8
| — 61.0 - — — 67.0 — 60.0
12.0 — 4.3 — 2.0 — 1.6
|
4.5 - 3.9 — 3.0 3.6 2.7
63.00 7%.00 67.00 17.00
(3060) — (3042) — (2010) (2772 —
0 — 0 — 0 0
0 — 0 — 0 0 —
3.25 — 2.50 — 0.50 0.5 —_
3.75 — 3.50 — 2.00 2.00 —
61.00 - 73.00 — 64.50 14.50 _
0 — 0 — 0.5 0 —
0 — 0 — 0 0 —
30.50 — 21.00 — 30.25 21.25
(1523) — (819) — (908) (765 —
. 0.50 0.75 0.50 1.00
|
| 1.00 — 0.25 — 1.75 0.75 —
i
! 0 — 0 — 0 0 —
0.1 — 0.05 — 0 0 —

Died on May 30

N



TABLE VI. BLOOD CELLS IN THE COURSE

. Before After starvation
date of experiment (1958) May 18 19 20 21
ourse of starvation 0 1 2 3
Bady weight (Kg) 2.14 1.81 1.73 1.68
Rectal temperature (F) 106.6 102.5 102.5 102.6
R.B.C count{10*/c.mm.) 5.83 6.00 — 6.2
Haemoglobin (g/dl) 12.7 13.7 — 14.0
Haematocrit( %) 41.0 41.0 — 44.0
M.C.H.C. (%) 31.0 33.4 — 31.8
M.C.V. ‘cu.) 71.0 68.0 - 73.0
Reticulocytes (4 24.0 27.0 24.0 25.0
W.B.C. count(]0:c.mm.) 7.7 9.1 6.2 6.4
" | Neutrophi 36.75 31.00 24.5 29.00
| Neutrophiles (2830) (2821) (1519) (1856)
N E: Myelocytes 0 0 0 0
o
g—é Metamyelocytes 0 0 0 0
Zg
ey ‘_.f Band cell 0.75 0.25 0.50 0
*;g i 'gl Degenerative hand
22 g cell 2.00 1.25 3.25 1.50
g =
;'3«“:3, [ =|2--7 lobes 34.00 29.50 20.75 27.50
b’ffi’ | Eosinophiles 1.5 2.00 2.00 1.50
5w |
gg ' Basophiles 0 0 0 0
Dwm
— @ Lymphocytes 59.50 64.50 72.00 68.00
S¥ (4582) (5870) (4464) (4352)
5‘3 \ Monocytes 2.25 2.50 - 1.50 1.50
ol
el | Tiirk irritation cell
A 2 or plasma cell 0 0 0 0
Sucleated R.B.C. 0 ] ] 0
Polychromatic R.B.¢.
2.0 2.5 2.0 1.0

Sequelae




OF STARVATION ON RABBIT NO.7 (%)

23 24 25 26 7 28 29
5 6 7 8 9 10 11
1.57 - 1.47 - 1.31 1.22 1.15
102.7 — 102.8 - 100.5 99.6 99.2
6.12 6.28 — 6.16 6.65 - 6.70
13.6 13.7 - 14.0 13.8 — 14.9
— 43.0 — —~ 10.0 — 14.0
— 32.8 — — 34.5 — 3.0
— 68.0 — - 50.0 — 56.0
11.0 — 1.7 - 2.0 — 0
7.4 — 4.5 — 3.2 3.6 3.5
34.75 — 18.75 — 13.0 71.75 71.00
(2572) - (344) — (1536) (2584) (2450}
0 — 0 — h) 0 0
0 — 0 — 0 0 i)
0 - 0.50 — 1.25 1.25 0
0.75 — 1.00 — 1.50 1.50 3.5
34.00 — 17.25 — 15,25 69.09 57.50
0.50 — 1.00 — 0 1.50 1.25
0 - 0.25 — 0 0 0
6$3.50 — 78.25 —_ 50.00 25.00 25.50
(4699) —_ (3521) — (1500) (909) ($80°
1.25 — 1.00 — 0.50 1.00 0.5
0 - 0.75 - 1.50 0.75 1.75
0 —_ 0 — 0 0 0
0.2 — 0 — 0 0 0

Died on May 30

>




TABLE V. BLOOD CELLS IN THE COURSE

Before | o After staryation -
Date of experiment (1958) May 21 22 23 24 25
Course of starvation 0! i 2 3 4
|
Body weight (Kg) 2.05 2.04 1.97 — 1.83
Rectal temperature. (F) 102.8 102.6 103.0 — 102.4
R.B.C count{i0s/c.mm.) 5.07 5.32 5.48 5.52 —
Haemoglobin. (g/dl) 10.38 12.0 1.3 11.3 —
Haematocrit{% 37.0 | — — 36.5 -
|
M.C.H.C. (%) 29.22 — — 31.0 -
M.C.V. (cu.) 72.0} — - 66.0 —
Reticulocytes! ‘) 27.0 1 20.0 27.0 23.0 16.0
W.B.C. count{103/c.mm.) 6.5 9.0 7.7 — 6.9
 Neuteanhile - 63.75 72.25 57.5 - 36.0
Neut . -
cutrophiles. (4150)  (6503) (4428) _ (2484)
o Myelocytes 0 0 0 _ 0
I&! H
‘E-‘Ef Metamyelocytes 0 0 0 — 0
Zz
2~ =, Band cell. 0.75 2.0 0 - 0
52 T Degenerative band
23 2 cell. 0.50 3.0 1.0 — 1.50
[ ":,:
EER 5 27 lobes 63.000  67.25 56.50 — 34.50
= |
S 2 | Eosingphiles. 2.25 2.00 3.00 — 2.50
ol ,
S Basophiles. - — — — _—
S5
— o | Lymphocytes. 32.50 25.00 39.00 — 59.00
SR (2112) (2250) (3003) — (4071)
% | Monocytes. 1.50 0.75 1.00 — 2.5
g
= 5 Tiirks irritation cell
= = or plasma cell. - — _ _ _
Nucleated R.B.C. — —_— — _ —
Polychromatic R.B.C.
{per field) 1.0 1.0 1.0 - 0.5
Sequelae
— 2R — K. J. V.M., Vol. 1, No 1.




OF STARVATION ON RABBIT NO.3 (3)

1.72 1.67
102.1 102.1
4.98 —
11.3 -
35.0 -
32.3 -
70.0 -
- 7.0
4.9 5.6
42.25 24.0
(2070) (1334)
0 0
0 0
0.25 0
1.50 0.50
40.50 23.50
2.00 3.50
53.00 70.00
(25975 (3920)
2.0 1.25
0.75 1.25
0.5 0

29
8

1.63

102.5

11.5

4.8

27.5
(1320)
0

27.50
0.4

69.00
(331
2.50

0.50

101.

11.

34.

65

-0

3
10

1.54

101.90

26.25

68.50
(3356)
2.0

2.0

0

Died on June 3

Jun. 1
11

1.49

100.5

11.0

2
<

1.0

3.0

64.0

45.25
(1946
0

0
0.50
44.75

0.5

50.00
(2150)

3.0
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