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TABLE I

dog no. 1137

Extreme Variation 
Daring

HEMATOLOGIC VALUES

Ko read
R.3.C. (millions) 5.8 to?
Hemoglobin (grams) 15.9 13
Color Index 0.97 0.97
Mean Cell Volume 70 52
Reticulocytes (£) 0.15 2.0
Erythrocyte Fragility* 
Beginning 0> Isotonic) 53 53
Complete ($ Isotonic) Uh t o

Cholinesterase (mlcrollters CO2 
evolved In thirty minutes) 1 
Erythrocyte 66 6.70
Plasma 70 t o

Tone Marrow Differentials! 
Leuko/Erythr01d Ratio h.QStl l.JSll
Myelo/Erythro1d Ratio 6,56il I.63H

Ho. of days DIP administered 27
Maximum dose In one day 0.6 mg./kg.
Total, oumlatlve dose of DIP 10.15 mg./kg.
Ho. of days Vitamin given 7
Dosage of Vitamin B^2 3 mlerograme
Total, cumulative dose of Vitamin B12 21 mlerograras

l
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TA3LB XI

HEMAfOLOOIC VALUES
BOO ISO. 1225

, ,

Extreme Variation 
During

flE. MifakiteUaUfla
R.B.C. (millions) 6.45 4.8
Hemoglobin (graua#) 19.0 14.7
Color Index 1.04 0.95
Mean Cell Volume 77.0 0.60
Reticulocytes ($) 0.3 1.7
érythrocyte Fragility* 

Beginning (4 isotonic) 58 58
Complete (f> leotonic) 51 50

Cholinesterase (microliters C02 
evolved in thirty minutes) t 
érythrocyte 70.8 23.1

Pisses 71.5 35.8
Bone Harrow Differentials:
Leuko/Rrythrold Ratio 4.00*1 1.34tl
Myelo/Rrythrold Ratio 5.11«1 1.52*1

Bo. of days WP  administered 13
Haxlnun dose in one day 0.3 rag./kg.
Total, cumulative dose of DPP 3.9 tag./kg.
Ho. of days liver extract given 7
Dosage of liver extract 3 ü .s.p. unite
Total, cumulative dose of liver extract 2i ü .s.p. units
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TABL2 HI
ratATOLOOIC VALUES

BOG ITO. 120?

rtorwajL
Bxtrene Variation 

IXarlng

H.H.C. (millions) 6 ,6 8.5
Henoglobln (gratae) 21.7 25.0
Color Index 1.16 1.00
Keen Cell Volume 83.6 73.5
Reticulocytes (f>) 0.3 1.2
Brythrooyte Fragility: 
Beginning (5 Isotonic) 50 6o
Complete ($ Isotonic) 49 50

Cholinesterase (nlcrollters C02 
evolved In thirty minutes) t 
Erythrocyte 95.5 14.5
Pisses 77.5 24.5

Bone Marrow Differentials: 
lieuîm/Brythrold Ratio 2.47:1 1.66:1*
Myelo/TîrythrolS Ratio 3.07H 2.02:1*

Ho. of days W T administered 6
Maximum Bose In one day 0.5 mg./kg.
Total, emulative dose of BSP 3.0 mg./kg.

•Shis dog died of acute IF? poisoning. The bone narrow differential 
was done on poat-nortem aspirations of sternal narrow.

Ill



TABLE IV
mmTOLooic values

DOG BO. 1097

Bniwaftl

Pre-
•pleneetomy
methylene
blue

■CTiaffttM ,

Post-
eplenectomy
methylene
blue

response

Post
splenectomy

DSP

R.3.C. (cdliions) 5.8 1.8 2.6 4.8
Hemoglobin (grams) 15.0 5.6 6.3 13.6
Color Index 0.93 1.10 1.05 0.98
Mean Cell Volume 74.0 95.7 92,0 59
Reticulocytes ($) 0.2 22.0 12.0 0.4
Erythrocyte Fragility» 
Beginning (f> Isotonic) 50.6 66 64 50.6
Complete ($ Isotonic) 36 58 58 37.3

Cholinesterase (micro
liters C02 evolved in 
thirty minâtes) i 
Erythrocyte 73.8 85 08.9 35.6
Plasma 75.5 75 72.6 47.0

Bone Marrow Differentials» 
Lenko/Erythrold Ratio 2.07*1 0.98*1 0.83*1 1.11*1
Myelo/Brythroid Ratio 2.22*1 1.17*1 1.01*1 1.15*1

Bo. of days drug administered 19 6 10
Maximum dose In one day 90 mg./kg. 60 rag. /kg. 0.3 mg./kg.
Total, cumulative dose 1140 mg./kg. 360 mg./kg. 3.0 mg./kg.
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TABLE V

m o  m .  1176

HEMATOLOGIC VALÜBS

normal
R.B.C. (millions) 6.5
Oxyhemoglobin (gram) 17.0

Color Index 0.93
Mean Cell Volume 7 k

Reticulocytes ( 5 6 ) 0.2

arythrocyt* Fragility» 
Beginning ( 5 $  isotonic) 53
Conplet* ($ leotonlc) t o

Cholinesterase (micro- 
liters C02 esolved In 
thirty nlnates) 1 
erythrocyte 82.7
Plasm 79.3

Bone Marrow Differentials! 
Lenko/Prythrold Ratio 2.toll
Kyeio/Srythroid Ratio 3.05îl

Pro- P o st-
splenectomy
methylene
blue

resi>onss

splenectomy
methylene
blue

Post—
splenectomy

OTP
.. restions*...

1 .7 3.6 4.9
5 .4 8.2 12.8

1.17 1.04 0.85

108 103 64

18.0 11.4 0 .4

66 62 51

49 50 42

110 106
î

33
85 87 35

0.57 a 0.6911 0 .8 a

0.66$1 0 .8 0 a 0 .9 3 a

7 6 10

60 mg./kg. 60 mg./kg. 0.3 mg./kg.

360 mg./kg. 360 îîg./kg. 3.0 mg./kg.

3», of days drag administered 
wart— a dose In one day 
Total» cwolatlve dose

▼
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TABUS n

BOO m . 1177

HEMATOLOGIC VALUES

vi

Bornai
6.5

Pre
splenectomy
methylene
blue

response

Post-
epleneotony
methylene
blue

Post—
splenectomy

W P

B.B.C» (nillions} 2.2 1.5 4.5
Hemoglobin (gram) 16.0 6.5 4.3 12,6
Color Index 0.92 1.14 1.21 0.86
Mean Cell Volume 72 100 111 56
Reticulocytes ($) 1.0 12.5 15 0.3
Erythrocyte Pra/rilityt 
Beginning $  Isotonic) 51 60 62 48
Conplete ($ isotonic) 42 46 46 38

Cholinesterase (nicro- 
lltere C02 evolved in 
thirty minutes)* 
Erythrocyte 95 108.3 102 35.6
Plasm 85 91 84.8 37

Bone Marrow Differentials* 
leuko/Brythroift Ratio 5.74*1 0.6il 0.64*1 0.92*1
Myelo/Srythroid Ratio 7.13*1 0.71*1 0.8*1 1.05*1

Bo, of days drug administered 7 5 10
Maxima dose in one day 90 mg./kg. 60 mg./kg. 0.3 mg./kg.
Total, cumulative dose 420 mg./kg. 300 mg./kg. 3.0 ag./kg.



TABLE VII

HEMATOLOGIC VALUES

Normal
^Sbss*

Doge Given 
iiathvl *n* Hitt*

Doge Given
...BET ...

H.B.C. (militons) 6.0-7.0 1.5-3.0 4.5-5»5
Heroglohin (gram) 17-19 6-9 12-15
Color Index 0.85-0.95 0.95-1.15 0.85-0.95
Mean Cell Volume 70-75 85-100 55-70
Reticulocytes (£) 0.1-0.4 15-20 0.4-2.0
Fragility ($ Isotonic)
ÎÎB Cl !

Beginning 48-54 60-66 48-54
Complete 36-44 46-58 36-44

K Cl
Beginning 46-50 5^-58 47-51
Complete 34-38 40-44 32-38

Bone Harrow Differentials! 
LefOko/Erythroid Ratio 2.07-5.7^1 0.57-0.98!1 0.8-1.86:1

Hyelo/Erythroid Ratio 2.22-7.13«l 0.66-1.17H 0.93-2.02!!
Cholinesterase ($ of normal) 
Brythrooyto 100 115-120 5-25
Plasm 100 95-105 25-75
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TABLAI U H

FRAGILITY OF mO FJmHFOCYTRS

?5 Isotonic # Isotonic
___  ,.. .jriLtot ,hô r.t___Beginning ■jeginnlnp

Ka Cl 56 43 59 43 7.1

lia Cl and 
Acetylcholine 56 43 61 43 6.8

X Cl
1

50 35 52 38 7.0

K Cl and 
Acetylcholine 52 35 55 38 6.8

-.3Concentration of Acetylcholineî 1.5 x 10

Fill



TABUS IX
FRAGILITY OF DOG 3SRYTHROCTTT.S

f> Isotonic 
JBi .toft.,

# Isotonic 
JtiLIona Present Besinnizut CooDlete Beclnnln* Camlet e. J&

7.0Ra Cl 56 35 59 35

Ua Cl and
Acetylcholine 61 35 67 35 6.0

K Cl
1

52 35 55 35 7.1

K Cl and
Acetylcholine 56 35 59 38 6.15

Ha Cl and K Cl 5U 35 57 35 7.0

Ha Cl, E Cl and
Acetylcholine 60 35 68 35 6.0

Concentration of Acetylcholines 3.0 x 10 ^

lx



TABLE X
FRAGILITY OF DOG ERYTHROCYTES

5$ I aotonic $ Iaotonic
J&J&BUfflBa____ SLSSSXLJtmXSL

lam FmaaiL sK

ïïa Cl 58 42 60 42 7.1

Ha Cl and
Acetylcholine 58 47 65 49 6.3

X Cl 50 35 50 35 6.9

X Cl and
Acetylcholine 52 38 55 38 6.2

Ha Cl and
E Cl 56 45 50 45 7.0

Ha Cl, K Cl and
Acetylcholine 60 49 62 49 6.3

Concentration of *3Acetylcholinet 3.0 x 10 v

X



TABLE XX
FRAGILITY OF i m  rPYTFROCYTSS

% Isotonie £ Isotonic
alLfefflJæast___  -.jit&gEJwBn.

Iaa& E b o s b X Beginning jfoSBlflftff. Beginning iteigte xâ
lie Cl 56 40 56 40 7.0
K Cl and 
K HCO3 100 59 100 68 8.55

X Cl, X KCO- and 
Acetyl choline 100 52 100 59 7.6
K Cl, K RC0- and 
Eeerlne 3 , 100 100 100 100 8.45

X Cl, K HC0-, Bserlne, 
and Acetylcnollne 100 68 100 68 8.32

K Cl 60 36 6.9

Concentration Acetylcholine i 3,0 x 10**-*
atConcentration Bserinei 1.0 x 10

x i



TABLE m
FRAGILITY OF DOS ERYTHROCYTES

$ Isotonic fo Isotonic
M  .fag! ..  -- . at four hours

.Im.£zaaaB& Beginning SsetffltfJig
Na Cl 53 37 56 37 7.1
K Cl and 
K HCO^ 100 68 100 72 8.7
K Cl, K ÏÏCO3 and 
Acetylcholine 100 64 100 68 8.04
F Cl, K HCO3 and 
Eserlne 100 95 100 100 8.45
K Cl, K HCO,, Eserlne, 
and Acetylcholine 100 68 100 72 8.5

Concentration of Acetylcholine* 
Concentration of Beerln©:

3.0 x 10“3
1.0 x 10**4
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Figure 4»—  Dog #1097 s Pre-splenectomy response to Methylene Blue»
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Figure 13.—  Photomicrograph of touch 
impression of normal dog bone marrow.
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Figure 14.-- Photomicrograph of dog 
bone marrow during response to 
Methylene Blue•



Figure 15»—  Photomicrograph of dog 
bone marrow during DFP response#
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CHAPTER I

INTRODUCTION

Struck and Mitchell (l) have reported the production of 
severe hemolytic anenia In dogs by the administration of methylene 
blue, la vitro studies by these workers (2,3,h) have disclosed 
radical alterations In carbohydrate metabolism of erythrocytes In 
the presence of methylene blue. They have assumed that the hemo
lysis observed X& vivo Is a manifestation of the alteration of 
glucose metabolism brought about by the dye.

Because workers have reported the production of anemia 
by anticholinesterases (6,8), and Augustlnsson has published 
results which show methylene blue to be a potent inhibitor of 
cholinesterase (5), It became desirable to determine the signifi
cance of this anticholinesterase action In the production of anemia 
by the dye. This report will deal with the results obtained from 
such a study.

In 19*K). Davie reported the production of significant 
hyperchronic anemia In polycythemic dogs by the subcutaneous In
jection of acetylcholine or phywoetigmlne, In spite of continued 
erythropoietic stimulation with cobalt or exposure to low atmos
pheric pressure. He explained bis findings by assuring that the 
anticholinesterase action of these drugs brought about vasodilation 
In the bone marrow, thereby decreasing the local anoxia which had 
caused the polycythemia (6). It nay be stated here that acetyl-
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choline In the dosage <0.1 tag./kg.) used by Devis can hardly be 
considered an anticholinesterase. Present knowledge of the great 
rapidity with which cholinesterase Inactivates acetylcholine oasts 
doubt on the ability of this amount of acetylcholine to exert any 
anticholinesterase action on the bene narrow.

The asm investigator later reported that when daily 
injections of folic acid or liver extract were given, the above
nant loned anemia terminated in remission despite continued admin
istration of the anemia-producing agents. Re concluded that the 
important action of either folic acid or liver extract in the 
treatment of anemia is to increase cholinesterase activity in the 
body (7),

l
Another explanation has been proposed by (Meg and co

workers who have presented evidence that changes in the permea
bility of dog erythrocytes nay be effected by the Inhibition of 
the acetylcholine-cholinesterase system which Is situated in the 
cell membrane (8,9.10,11,12,13,1b).

In the presence of acetylcholine the 
perm ability of the cell to sodium and potassium 
is rfoch less than that in the absence of acetyl
choline. Inhibition of cholinesterase by physostig- 
nine increases the permeability of the cell to sodium 
and to potassium, and when cholinesterase activity is 
inhibited sixty per cent or more the rate of entrance 
of sodium and potassium into the cell approaches that 
found in the control without substrate (9).
M e g  argued for a relationship between cholinesterase and

cell integrity in the following manner«

jB
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Several workers have provided rather con
clusive evidence that cell permeability is controlled 
by glycolytic processes. The concept presented here 
does not contradict this previous work, as it is well 
recognised that energy for many processes is derived 
from carbohydrate metabolism. Any inhibition of the 
latter would affect dependent reaction steps . . . . .
Under conditions vivo it is possible that small 
amounts of acetylcholine are continually being syn
thesised from some source of "active" acetate which 
would, in turn, be derived from carbohydrate metabolism 
as would the energy for its synthesis . . . . .  The 
results obtained in this experiment support the postu
late that the eneynatic hydrolysis of acetylcholine is 
an Important force in the maintenance of the concentra
tions of sodium and potassium as they were vivo. (12)
The work of Koshtoyants and Bulatova which showed marked 

differences In cholinesterase content of erythrocytes of different 
species seemed In agreement with the findings of Grieg. They re
ported that erythrocytes of species with a high cholinesterase 
content are more resistant to hemolysis by hypotonic solutions of 
sodium chloride than those of species with lower cholinesterase 
activity (15)*

Sabine (16), Scudamore and co-workers (17), Meyer and co- 
workers (18) and Merelll and co-workers (19) have suggested that 
some mechanism exists for maintaining a high level of cholinesterase 
in erythrocytes during conditions of anemia. They have further 
proposed that this mechanism fails in severe, untreated pernicious 
anemia, in extreme debilitation, and/or in severe bone-marrow 
failure, and is stimulated or rehabilitated in the pernicious anemia 
patient on treatment with liver therapy. It was also suggested that 
some mechanism exists for reducing the high cell esterase to normal*



h

with restoration of the blood, picture to normal, this restoration 
being more than simple liberation of the anayne by cell destruction, 

InywXlj&tiSSL —  A» interpretation of the relation
between the anticholinesterase and hemolytic properties of methylene 
blue was sought in the proposed scheme of Investigation! (1) the 
comparison of hematologic pictures of dogs administered methylene 
blue with those of dogs who were subjected to prolonged administra
tion of a potent anticholinesterase having no other known pharma
cological property, dlisopropyl fluorophosphate (1FP)$ (2) |j| vitro
fragility studies to determine the effect of reaction-produced pH 
change on the reported protective action of cholinesterase against 
hemolysisf and (3) y^trc respiration studies to determine the 
effect of anti-cholineeterr.se drugs on glucose metabolism of 
erythrocytes.

4



CHAPTER IX
METHODS AîïD TECHHiqüBS

Collection 2& IStiEltl* Blood samples were obtained
by needle puncture of the brachial vein, and the blood was allowed 
to flow Into centrifuge tubes of 15 cc. capacity containing 0.10 mg. 
of heparin. The animals were held quietly and venal puncture was 
always performed by a worker with whom the dog was familiar.

Cellular enumerations. —  Rayera‘s diluting fluid and a 
Schilling hemacytometer were used In making periodic red blood 
counts.

Reticulocyte percentages were determined by nixing equal 
parts of blood end a solution of 0.5 mg. per cent brilliant cresyl 
blue in 0.1 per cent sodium chloride. This suspension was allowed 
to stand for twenty minutes, then centrifuged and the sediment 
smeared. Percentage of reticulocytes was then determined on the 
first one-thousand erythrocytes seen and counted.

Oxyheraoelobln.—  The method of Evelyn and Malloy (20) was 
used for all oxyhemoglobin determinations.

£olor Index —  Color Indices were determined by dividing 
oxyhemoglobin values (per cent of normal) by the red blood count 
(per cent of normal). Arbitrary normals were chosen as six million 
for red blood count, and seventeen grans per cent for oxyhemoglobin 
(21) .

iSSEi, corpuscular volume. —  This value In cubic nierons was
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obtained, by dividing the cell volume in ec. per 100 cc. of blood by 
the red blood count in million» per cubic millimeter and multiplying 
by ten (22).

Erythrocyte fragility —  Determination» of reel stance to 
hemolysis In hypotonie solution» were made by the method of Sanford. 
(23). '/here acetylcholine and/or physoetlgaine were to be included 
in the final suspending medium, these drugs were Incorporated in 
appropriate concentrâtions Into both the stock solution of sodium 
and/or potassium and the distilled water with which these solutions 
were serially diluted for the experiments.

aadtoffiLte âG& iflMBft ja&Uaaa*ama» —  «■*ur and Bodanskl 'a 
modification of the Ammon technique was used for the determination of 
cholinesterase (24), In early experiments, a concentration of 1,5 x 
10**" acetylcholine chloride was used ae substrate, and later a concen
tration of 3,0 x 10"*̂  was used. Involution of carbon dioxide from 
the reaction flask wag followed for forty minutes after tipping and 
corrections were made for theroobrrometrlc changes and for non- 
ensyeatio hydrolysis of acetylcholine, «here the rate of hydrolysis 
was not constant, the first ten minutes after tipping was employed 
ae the initial hydrolysis rate and values for succeeding ten-minute 
Intervale were adjusted accordingly as prescribed by Masur and 
Bodanskl. Cholinesterase activity is expressed as the volume of 
carbon dioxide, in nlcrolltere, evolved in thirty minutes, at STP, 
by 0.5 cc, of hemolyoate or diluted plasma. Hemolysates were pre
pared by adding three volumes of 4,0 x 10*"̂  M, ïîaHCÔ  to one cc. of
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washed erythrocytes. Plasm dilutions were nade by adding three 
volumes of h.O x 10~2 M. HeHCO^ to one ec. of plasm.

la SUSP, aÜt&kdÀRfl —  The method used was the
standard Warburg technique for oxygen consumption as described In 
detail by Uobrelt, Burris and Stauffer (25). In every case, hep*» 
rlnlaed blood was centrifuged and the plasma and huffy layers were 
removed. Cells were washed three times with phosphate-buffered 
saline (pH 7»1*), The cells were then suspended in two volumes of 
phosphate buffered saline containing varying concentrations of 
glucose or other substrate. Three cc. of this suspension was 
placed in the main o&Bçjartment of the reaction vessel, 0,2 cc. of 
twenty per cent KOH was placed In the center well, and 0.5 cc, of 
varying dilutions of methylene blue or other anticholinesterase 
were placed In the elds a m  of the vessel. All experiments were 
run in duplicate or triplicate. Blanks were run for every deter
mination. the vessels were mounted on the manometers and oxygenated 
for fifteen minutes, the vessels were then equilibrated In the 
water bath at 38° C. for twenty minutes. Basal endogenous respira
tion was measured for two fifteen minute periods, then the contents 
of the side a m  were tipped into the main compartment. Oxygen con
sumption was followed for a period of 120 minutes. Values obtained 
are expressed as microliters of oxygen consumed per ml. of packed 
cells.

Snlenectony. —  S leneotomles were performed un-'er pento
barbital anesthesia, thirty mg./kg. A nld-llne abdominal Incision
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extending through the peritoneum was made. The spleen was brought 
outside the abdnninal cavity and all radicles of the splenic artery 
and vein were ligated and severed near the hllus. Hie vessel stumps 
were dhecked for hemorrhage and replaced In the peritoneal cavity. 
The peritoneal and rnecle layers were closed with Interrupted cotton 
sutures. The skin Incision w e  then closed with the see* type of 
suture.

Saaa sssfjbl Ma&ika M  sm ù i- — stem ai
marrow aspirations were performed under thiopental anesthesia, 
twenty-five mg./kg. for normal doge, and fifteen mg./kg. for 
anemic doge. The technique used was essentially that of Propp (26). 
Differential counts were made on the eae&rs using Xracke’s 
classification (2?).



CHAPTER III
RESULTS

Comparison of Hematologic Changes Induced by 
Methylene Blue and W P

Si* mongrel dogs, each of approximately ten kg. weight, were 
used for this study. It was Impossible to determine their ages, but 
all appeared to be between two and four years old. they were main
tained on the standard kennel ration (Hutrena) throughout the experi
ment. Normal hematologic levels were established for each dog before 
administration of drugs.

Two dogs were given initial dally intravenous doses of EFP, 
0.3 mg./kg. Later, when it was observed that one-hundred per cent 
inhibition of erythrocyte cholinesterase was not attained at this 
dosage level, the daily dose for DFP was gradually increased for 
one dog to 0.6 mg./kg.

Another dog was given initial daily intravenous doses of 
DPP, 0.5 mg./kg. Accumulation of drug at this dosage level soon 
led to acute toxicity, and this dog died without permitting long
term studies.

The other three doge were given daily oral doses of methyl
ene blue, sixty mg./kg. Response to this drug w e  rapid, and when 
full effects of the dye were seen, administration w s  stopped.

Response to DPP was a gradual process, but when it appeared 
that maximal reversible effects were present, Vitamin 3^p (dally
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Intramuscular dose, three miorogra»®) w e  administered to one doe» 
and liver extract (dally Intramuscular dose, three U.S.P. units) vas 
administered to the other, while administration of BFF to both of 
these animals was continued.

Wien the three dogs which had been on methylene blue were 
completely recovered, they were splenectoalsed. Time was allowed 
for recovery from the operation, then methylene blue, and later DPP 
were administered to these animals.

It was observed that regardless of the order in which the 
several procedures were executed, each drug effected an Individual, 
characteristic response at the chronically tolerated dosage level.

Dag *1117*. —  Table I shows the extreme deviations from the 
normal which were observed while this dog vas receiving DPP. Figure 
1 is a graphic representation of the frequent hematologic observa
tions made on this animal. Cholinesterase activity of this dog's 
erythrocytes came very close to aero levels as the dally dosage was 
raised to 0.6 mg./kg. The red blood count fluctuated markedly through
out the experimental period, but never showed a prolonged, significant 
decrease.

A dally dose of three micro grams of Vitamin w e  given 
this animal for seven days prior to stopping DIP administration. In 
spite of this measure, cholinesterase continued to fall and the red

•Dog numbers used are those assigned to the animals by the 
Creighton University Animal Hospital and retained by them as a 
matter of permanent record.



11

blood counts and reticulocyte percentages showed no significant 
changes.

This dog became chronically Intoxicated with the DJfP, ex
hibiting many of the typical signs, especially hind limb paralysis, 
which Koelle and Oilman (29) describe as characteristic of chronic 
intoxication with this drug. The dog’s condition gradually became 
worse, and It finally died three months after DFF administration 
was stopped.

The only pertinent findings at autopsy were In the spleen 
and gastrointestinal tract. The spleen was highly contracted, 
measuring approximately 10 x 2.5 x 1 en. This organ was a pale 
pint* color in contrast with the usual deep red color of spleen.

The stomach and intestines were highly dilated, but only 
tiny specks of fecal material lined the wall» of the lower gastro
intestinal tract. The esophagus was very slightly dilated above 
the cardiac sphincter, but was empty throughout Its length.

The esophageal and gastrointestinal findings, together with 
the presence of chronic diarrhea and the absence of emesis while 
the animal was alive, were quite contrary to expectations. Koelle 
and Oilman ascribe death in chronic DFP poisoning to starvation 
brought about by constriction of the esophageal cardiac sphincter 
and constant emesis of Ingested food. In this animal, at least, 
death seemed to be brought on by starvation resulting from hyper- 
notlllty of the gastrointestinal tract with little time for the 
assimilation and absorption of food.
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Doe #1225. — • The data in Table II cover the greatest varia
tions observed when this an Inal was given D>'P. Figure 2 represents 
the day-to-day observations in graphic form. The dosage of 33FF was 
not increased in this case, and erythrocyte cholinesterase was in
hibited only about seventy per cent. Here, as with Dog #1137, there 
was no prolonged decrease in erythrocyte numbers.

This dog received liver extract (daily dosage, three U.S.P. 
units) during the last seven days of DFP administration. The liver 
extract seemed to have no significant effect on erythrocyte cholin
esterase, red blood count, or reticulocyte percentage.

This animal was allowed to recover completely from effects 
of the anticholinesterase, and at no time showed any outward mani
festations of toxicity.

Dog #1207. —  Table III reveals the res, ease of this dog to 
DTP as quite different from the previous two animals. In this case, 
the initial and maintenance doses were higher, and the animal died 
of acute I3FP poisoning. Figure 3 is a graphic representation of 
the hematologic picture obtained while this dog was given DTP.

The lowest erythrocyte cholinesterase was established at 
sixteen per cent of normal on the day before the dog's death. Red 
blood count and hemoglobin values had Increased steadily up to this 
time. It was partially because of this increase in red cells and 
hemoglobin and the autopsy finding of a highly contracted spleen in 
this dog that the experimental drugs were later administered to
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•pleneetoraised animale.
Significant findings at autopsy were: (1) The entire abdomi

nal contents were markedly compressed caudally by a very low dia
phragmatic position, and the thoracic cavity appeared markedly 
expanded. (2) The spleen appeared contracted and ischemic. Dimen
sions of this organ were 12 x 2 x 1 cn. Upon slicing for removal of 
tissue section, there was no oozing from the cut surface, and there 
vas very little cosing upon application of pressure. (3) The lungs 
appeared extremely hyperealc on the surface. On opening the bronchi, 
approximately forty cc. of frothy, yellowish-white fluid spilled out 
into the thoracic cavity. The alveoli throughout the lungs seemed 
to contain some of this frothy fluid, but It was especially promi
nent In dependent portions of the lungs.

The death of this animal seemed to be brought about by a 
combination of respiratory obstruction, presumably the result of 
bronohoconstrletlon, and impaired alveolar ras exchange due to the 
presence of fluid in the alveoli.

#1097. 1176. and 1177. -- Tables IV, V and VI show the 
extreme hematological values obtained during pre- and post- splenec
tomy methylene blue administration, and during post-splenectomy In
jections of IW. Figures k through 12 show a graphic history of 
these procedures.

Since one of the major functions of the spleen Is to aid In 
the destruction and removal from the circulation of old and fragile 
erythrocytes, the observation of Struck and Mitchell that methylene
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blue-induced anemia le hemolytic In nature (1) Indicated the advisa
bility of administering the dye to splenectoaleed animals. It was 
found that pre- and poet-splenectomy recenses to methylene blue do 
not differ significantly.

The poet-splenectomy responses to WP did not differ in any 
way from those obtained in the intact animals. The eplenectooiaed 
dogs receiving BFP all save evidence of incipient chronic intoxica
tion with this drug, but none had come to poet at this writing.

Cholinesterase and Cell Fragility

The method of Sanford was used to determine the resistance 
to hemolysis of dog erythrocytes. Control observations were made 
using NaCl, KC1, or a mixture of the two salts as the suspending 
solutions. A mixture of equal quantities of 0.165 K. KC1 and 
0.165 M. KHCO3 was Introduced as an additional control suspending 
solution in some experiments.

Acetylcholine or physoetlgaine or both were added to the 
above suspending solutions In separate batteries of tubes suitable 
for carrying out the procedure outlined by Sanford.

Maximum concentrations (read in per cent of Isotonicity for 
the lone in question) in which beginning and complete hemolysis 
occurred were noted after two and four hours of standing at room 
temperature (approximately 25° °»)• P8 readings were taken on 
representative samples of each suspension at the end of four hours.
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Tables Till « IX, X, XI, and XII show the results of these 
experiments. Where acetylcholine was added to suspensions contain
ing EC1 and/or NeCl, the resistance of erythrocytes to hemolysis 
was lees and the pH was as much as one pH unit lower than that of 
the controls without acetylcholine.

«hen the mixture of EHCO^ and KOI was used as the suspend
ing medium, readings for beginning hemolysis were always 100 per 
cent of Isotonic regardless of whether or not acetylcholine and/or 
physostlgmine were added. However, readings of complete hemolysis 
varied enough to afford a basis for comparison.

Where acetylcholine was added to the mixture of KHCO3 and 
EC1, complete hemolysis occurred at much lower concentrations, and 
the pH of the suspensions, with acetylcholine were almost one pH 
unit lower than the controls without acetylcholine.

Where physoetlgmine was added to the mixture of KC1 and 
KHCO5, complete hemolysis occurred at higher concentrations than 
In the controls without eserlno, the pH of these suspensions was 
lower by as much as 0.1-0.25 of a pH unit.

Where both physostlgmlne and acetylcholine were added to 
the mixture of KOI and KHCO^, resistance to hemolysis was greater 
than In suspensions containing physostlgalne alone, but less than 
or approximately the same as that of controls without either acetyl
choline or physosti gains. The pH here was 0.1-0.2 pH units lower 
than that of controls.
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Effect of Anticholinesterase Brags on 
Oxygen Uptake of Erythrocytes

Methylene blue In concentrations of $.?b x 10**̂  M. produces 
seventy to eighty per cent Inhibition of erythrocyte cholinesterase. 
(5). Figure 16 shows that the above-mentioned concentration of dye 
increases markedly the oxygen consumption of erythrocytes suspended 
in a glucose containing medium. The graph also shows that concentra
tions of physostlgmine (1.0 x ÎO"*1* M.) and tetraethyl pyrophosphate 
(2.5 x 10*^ M.) which produce ninety per cent inhibition of cholines
terase have no significant effect on the oxygen consumption of red 
cell suspensions. Experiments using heoolysates gave similar 
results.



CHAPTER IV

DISCUSSION

Iff M L ‘ —  The hematologic
response of doge to administration of DTP is quite different from 
their response to methylene blue in all respects except the bone 
marrow changes. Bone marrow hyperplasia with normoblastic proli
feration is seen when either drug is given. Figure 13 is a photo
micrograph of a stained touch impression of a normal dog’s eternal 
marrow. Figure lb shove a stained touch impression of the same 
dog's marrow during a response to methylene blue-induced anemia. 
When this dog recovered from the methylene blue anemia, his bone 
marrow again appearing normal, he was given DTP. The photomicro
graph in Figure 15 is of a stained touch Impression of this dog's 
sternal marrow during DFP administration.

Three possible explanations suggest themselves for the 
apparent bone marrow stimulation occurring with administration 
of DiPr

(1) The slight decrease, regardless of cause, In erythro
cyte numbers may Impair oxygen transport to the bone marrow suffi
ciently to bring on the hyperplasia. It would appear Improbable, 
however, that so slight a fall In red count would call forth such 
a massive marrow response. Also, the observed lack of retlculo- 
cytosls makes this explanation doubtful.

(2) Autopsy evidence supports the view that gas-exchange
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In the lunge m y  have been Impaired by broncho cone t rl ctl on and exuda
tion of fluid Into the alveoli during administration of OTP. Oxygen 
content of arterial blood could have been lowered somewhat by these 
barriers to good respiration, and low blood oxygen content le cer
tainly a stimulus to erythropoleele. The lack of retlculocytosle 
and failure of some doge to develop wheeelng respiratory movements 
tend to deny this explanation.

(3) A third possibility Involves the mechanics of marrow 
stimulation along with the mechanise of release of cells from the 
marrow Into the circulating blood. It seems possible that an anti
cholinesterase drug siay cause constriction of the bone marrow sinus
oids. (This hypothetical action of anticholinesterases on the bone 

1marrow Is the reverse of that proposed by Davis.) The resultant 
impairment of circulation could provide the necessary hypoxia to 
stlsiulate erythropoiesls. The same sinusoidal constriction could 
then explain the anemia and low reticulocyte percentages observed 
If assuming that constriction Impaired the release of new cells 
Into the circulating blood, while cells in the circulation con
tinued to be removed from the blood stream at the normal rate.

ftOLtalfitlQUBfi fragility. —  When KC1 or
KaCl are used as test ions in the performance of the Sanford 
erythrocyte fragility test, the pH of the suspension at the end 
of four hours is between 7.0 and 7.1. Where acetylcholine In con
centrations between 1.5 x 10-3 M. and 3.0 x 10“3 le Included in
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the test solution, the pH at the end of four hours is lowered by m  
Biuch a» one pH unit. Accompanying this decrease in pH, which appears 
to be directly proportional to the concentration of acetylcholine 
used, is an increase in erythrocyte fragility.

Using a mixture of KHCO3 and KC1 to obtain controls with a 
pH above 8.5, acetylcholine again produces a decrease in pH after 
four hours, accompanied in this case, by a decrease in erythrocyte 
fragility.

'/here phyeoetigmine is added to the test solution over and 
above acetylcholine, the pH and erythrocyte fragilities vary in
significantly froa the controls.

From the foregoing, it is evident that acetylcholine when 
included in eolutlons used for performing the Sanford fragility 
test brings about a decrease in the final pH of the test suspen
sions. This decrease in pH can be explained only on the basis of 
accumulated hydrolytic products of acetylcholine because in the 
presence of physostlgolne this change in pH does not occur.



CEA; TEE V
SUMMARY AMD COÏÎCLUSIOSS

Table VII summarises the hematologic responses of doge to 
the experimental drugs. Methylene blue administration resulted In 
red blood counts as lov as 1.5 million within ten days. DFP pro
duced only slight, transient falls In erythrocyte numbers despite 
continued administration of the maximum tolerated dose over long 
periods of time.

Color Indices and mean corpuscular volumes show that 
methylene blue produced a macrocytic hyperchromie anemia, while 
T3FP administration resulted in a microcytic normochromic type of 
erythrocyte,

VIth methylene blue, erythrocyte fragility was greatly 
Increased, while W? administration produced only questionable 
changes.

Differential counts of bone marrow smears showed reductions 
in leuko-erythrold and myelo-erythroid ratios. The reduction was 
more pronounced with methylene blue than with DPP.

During methylene blue administration, erythrocyte cholin
esterase fell to between eighty and ninety per cent of norms1; at 
first, began to rise as the reticulocyte response became evident, 
rose as high as 120 per cent of normal, and the return to normal 
more or less paralleled the return of reticulocytes to normal.
This Is in agreement with the observation of Pritchard that



21

reticulocytes have higher cholinesterase activity than older erythro
cytes (28).

With DTP, erythrocyte cholinesterase fell to as low as five 
per cent of normal, and returned to normal very slowly when adminis
tration of drug was stopped. Values of plasma cholinesterase fell 
more rapidly than those of erythrocyte cholinesterase at first, 
quickly leveled off between thirty and forty per cent of normal and 
began to rise despite continued DFP administration.

Acetylcholine when Incorporated in solutions used for per
forming the Sanford fragility test brings about a decrease in the 
final pH of the test suspensions. In the presence of phyeostigmine 
this change does not occur.

Neither phyeostigmine nor tetraethyl pyrophosphate bring 
about the Increased oxygen consumption of erythrocyte suspensions 
which is obtained with methylene blue.

Conclusions. —  (1) The sharply contrasting results herein 
presented show that changes in hematologic picture produced by EFT 
and by methylene blue are quite different, and Indicate that the 
ability of methylene blue to inhibit cholinesterase is not the 
sole cause of, and probably not even a significant factor in the 
anemia which this dye produces.

(2) It is proposed that acetylcholine and cholinesterase 
play no part In maintaining erythrocyte Integrity JL& vivo, but 
that accumulation of cleavage products vitro alter the pH
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either toward or away from the optimum pH level of erythrocyte in
tegrity, depending on the Initial pH of suspensions used In fragility 
determinations.

(3) Two highly potent anticholinesterase drugs, physostlg- 
»lne and tetraethyl pyrophosphate, do not alter significantly the 
oxygen consumption of erythrocyte suspensions.

!
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