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INTRODUCTION

Since the discovery and the descrip

tion o f the mitosis o f the normal c e ll,  the experimental 

scientists have tried  to unlock the secret, o f why a cell 

divides seemingly at a time of it s  own choosing, of what 

events take place during the division, and of. how the 

natural course o f events may be altered by changes in  the 

external and in the internal environments. In the process 

o f research upon cell division, i t  was only natural that 

the. controlling forces o f mitosis should become the case 

in  point.

Later the discovery o f abnormal cell 

mitoses led to the description o f this pathological c e ll -  

division as haphazard, uncontrolled, and a fatal series 

o f events. Research workers then began to Investigate, 

more fu lly  and completely,any substance and any device 

capable,of precipitating, o f  accelerating, or of prevent

ing mitosis in  any liv in g  ce ll. Years of research and 

mountains o f recorded data have evolved several theories 

o f mi to si a and many methods of approach to the common
i

goal, anti-mitosis.

Chemical therapy is  one of the most 

promising contemporary methods of approach to the control, 

or to the destruction of malignancies. Fischer (1930) 

described heparin as an anti-mitotic in tissue culture,
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allowing the possib ility  of- the involvement o f coagulation 

in the mitotic cycle.1 Allan and Jacobson (1947) were able

to conclude that anti-mitotic radiation therapy was re -
2leasing endogenous heparin into the blood stream.

These findings led  Heilbrunn and 

Wilson (1949) to investigate more fU lly  the role o f hep

arin, an anti-coagulant, in the mitotic scheme. They found 

that a pre-mitotic gelation of the cytoplasm o f the cell

preceeded the mitotic spindle. Cell division, was only*

possible i f  a sharp Increase in viscosity o f the cell was 

allowed to proceed. Reasoning, since a l l  ce lls are rich  

in  thrombin and thromboplastin, blood antd-coagulants 

would be effective in  preventing the pre-mitotlc gelation.

These investigators found the rupture 

of. the sea urchin egg was followed by a clotting of the 

cytoplasm that sealed the egg. The use of heparin to pre

vent this sealing by intracellu lar anti-coagulation was 

unsuccessful and the idea was temporarily shelved.

Mach had been learned about the sea 

urchin cytoplasmic coagulation phenomenon and i t  was re -
1

corded and published. Anti-coagulants were s t i l l  in the 

research schemes o f these scientists since the ruptured 

egg could not seal it s e l f  in  the presence of oxalates, 

while addition o f thromboplastin restored this ab ility .

Later experiments of Heilbrunn and
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Wilson showed that heparin had the ab ility  to prevent 

in tracellu lar coagulation in  tbe parameium, and these 

preliminary tests led to the study o f marine eggs. I t  

was found that the heparin previously used was impure and 

better samples gave the desired resu lts. They now had an 

in tracellu lar anti-coagulant, but o f a very low power. I t  

was also a reversible procedure since the removal o f hep

arin  from the culture bathing the eggs allowed the two

cell stage developement to proceed.

Arbitrary units for the value o f the 

in tracellu lar viscosity were assigned to the resting c e ll,  

giving that cell a value of seven. The pre-mi to tic  gela

tion, raising the viscosity of the cytoplasm, was found 

to be fourteen units:. ^

In 1950 Hellbrunn and Wilson, not 

content with the proof of Intracellu lar coagulation as 

exhibited by the clotting of ruptured sea urchins eggs, 

devised a new method for the quantitation of the viscos

ity  changes o f the starfish  egg under the influence of 

various substances. Using the hand centrifuge, the un-t

treated eggs were subjected to centrifugal force until 

the granules o f the cytoplasm were concentrated at one 

end of the egg. The amount of force needed for this was 

calculated and became an Indirect measurement of the v is

cosity o f the cytoplasm, since the resistance to passage
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was equal and. opposite to the fore® necessary to send 

the granules to one end of the egg. Therefore the more 

force necessary „q concentrate the granules, the more 

viscous was the cytoplasm.

With this type of quantitation, the 

extract from the ovaries of the starfish , dissolved in  

sea water, was shown to lower the viscosity more than did 

heparin,, with 100$ inhibition of mitosis. The testes of 

the starfish  were then investigated for extracts, and 

were shown to be o f the same anti-mitotin action as the 

ovarian extracts, but more potent.These various extracts 

were simply named SI, S2, S3, and S4* Their main effect 

was exerted through the decreased viscosity of the intra

cellu lar flu id , thereby preventing the formation of the 

mitotic spindle.

These findings promised to open a 

new avenue of approach to the study of action for drugs 

not as yet fu lly  understood. The authors of this excell

ent work believed that some drugs exerted their anti

mitotic action through this anti-coagulation principle;,
*

even suggesting that the ab ility  of x-ray to disrupt- 

mitosis was due in large part to the heparin released 

by this therapy.

They found that although heparin 

was an excellent intravascular anti-coagulant, i t  was
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poor in intracellu lar action, suggesting this low power 

was due to the fact: that heparin seldom enters the intact 

cell in any appreciable amount. They propose that a good 

true anil-mitotic of this class must be a good intra

cellu lar anti-coagulant and a poor intravascular anti- 
4coagulant.

Now having an arbitrary standard of 

measuring viscosity with values assigned by the centri

fugal data upon normal untreated c e lls , and having prov

en the anti-coagulant ab ility  would also prove to be an 

anti-mitotic ab ility , these authors turned to the study 

of various strongly anti-mitotic substances of unknown' 

mechanisms.

In 1957 Hellbrunr. and Wilson used 

urethan for one of their studies. The findings were as 

expected for low concentrations of urethan, namely it  

was anti-mitotic, but the high concentrations, speeded 

the gelation, enhancing the formation of the spindle, 

thus accelerated ce ll division.^

The evidence is  conclusive that i f  

the ce ll can be prevented from coagulating, mitosis can

not. proceed.

A further study of urethan, the 

importance of concentration, the distribution of it  in 

the human body , and the mode of distribution are thee
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main concern of this thesis, as well as the manner in  

which the concentration may be controlled for a desired 

effect.



HISTORY

Chemotherapeutic research is  based 

upon the possib ility  of finding a physiologically innocu

ous substance capable o f destroying, of reversing, or of 

suspending the p ro liferative  ab ility  of malignant ce lls .

Urathan is  one of the drugs used in  

chemotherapy and has shown anti-mi to tic. ab ility  in  cases 

o f chronic; myelogenic leukemia, o f mycosis fungoidea, and 

o f multiple myeloma, for a period o f time» I t  can nevar 

be called a physiologically innocuous substance because 

o f its  ab ility  to affect two diametrically opposed ra 

sponeas according to it s  concentration.

Urethan (ethyl carbamate, urethane) 

was synthesized by Dumas in  1834 and was introduced as an 

hypnotic. I t  was found to be weakly hypnotic in man, and 

was used in laboratory animals. I t  has since, been replaced 

by more potent agents.

Lefevre (1939) published his find

ings o f the abnormal development of seedlings exposed to 

the ethyl phenyl carbamates. Haddow and Sexton (1946) had 

some interest in its  anti-m itotic ab ility  and found i t  an 

excellent anti-m itotic for mouse and rat transplanted tum

ors.^ There was no effect upon the mammary carcinoma of 

man, but a leucopenia developed under chronic administra

tion. I t  appeared to depress the hemopoietic function
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o f bon© marrow.

Paterson.» Haddow, Apthomaa and 

Watkins on (1946) tried  the antt-mltotic properties of 

uretban. upon chronic myelogenic' leukemia with a great

amount of success, depressing the bone marrow activity
7

for a time.

Although chronic; administration of 

the drug could cause bone marrow depression and there

fore was anti-n itotic ,; it s  dual character was soon mani

fested in its  ab ility  to cause adenomas in laboratory 

animals under chronic; dosage»

Kawamota, Kirschbaum, Ibanez, Tren- 

tin  and Taylor (l9o l) emphasized this two-3 ided ab ility  

o f  urethan in  hemangioma formation in  laboratory mice.

In. the controls there was no incidence of hemangioma, but 

in  the urethan treated animals there was an incidence; of 

51$. In the non-leukemic, mice the incidence was greater 

than in the leukemic mice, and fin a lly  although i t  did 

not increase the incidence o f leukemia among the sus

ceptible strains, i t  did accelerate the onset.
*

The amounts used in the above des

cribed work were doses o f 1 gram per kilogram of mouse 

weight, 11 times a day for 4 days. In this dosage i t

was found to be co-laukemogenic with x-ray and i t  ac-
8celerated v ira l induced leukemia.



The works of Heilbrunn and Wilson 

(1957) show conclusively, in  the mitosis o f sea urchin

9

eggs as described In the introductory part of this thesis, 

the diial characteristics o f urethan can be made to appear 

by varying the concentration or i t  in  the sea water Oath- 

ing the ce lls . 5
The concentration of urethan had be

gun to take on added importance and the laboratory re 

search projects were being done in  duplicate, but for 

high and low concentrations of urethan.

FUjikami ( I 960) found high urethan 

concentration suppressed cerebral tissue respiration, and 

under the same conditions low urethan concentration in

creased oxygen consumption of the same tissue preparation.

The value, published as low concentration urethan was
-A 910 molar.

A few months later Kawamura(196o) 

published the results o f his studies on narcotics, among 

them was urethan. He found, as did, FU.ikaml, high con

centrations decreased tissue: respiration, increased glu

cose u tilization , Increased lac tic  acid formation and de

creased glycogen formation, while for low concentration 

urethan he found increased tissue respiration, decreased 

glucose u tilization , decreased lactic  acid formation and 

increased glycogen formation. ^
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The evidence of the Importance o f 

concentration o f urethan in attaining a given reaction, 

either mitotic or anti-mitotic » as given here is  only a 

small part of the vast body of evidence accumulating in 

a ll  fie lds from numerous experiments« It  is  only to 

point out: the diametrically opposed effects i t  1st poss

ib le  to attain-with urethan therapy * that prompts this 

study.

Summarizing the foregoing inform

ation it. is  obvious that urethan can and does exert two 

opposite and opposed reactions according to its  concen

tration. In general i t  is  shown by these writings just  

discussed that low urethan concentrations are anti-mito

t ic  and higher concentrations are mitotfa , as in  the 

cases o f hemangiomas in  mice, or that the higher concen

trations accelerate mitosis in other cases.

Since the concentration within the 

human body is  the prime concern of the therapeutist, the 

problems o f distribution and accumulation o f  urethan in

vivo must, be considered. This consideration w ill deal
*

directly with the extrema solubility  of urethan. I t  is  

soluble in water (1:0.5) and in o il  (1:35).

0
II

h2n -  a -  o -  a2H5 

structural formula
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B«I chert (1951) found the ur et hart In

the human body evenlt distributed except in bone tissue
11and in lipoid  tissue, where i t  was lower in uptake.

previous studies o f  Haddow and Sexton 

(194-6) had shown the metabolic products o f urethan to be 

ammonia» carbon dioxide and ethyl alcohol. They found 

renal clearance o f 10$ of the administered dose in  tne 

f i r s t  nour after administration of the drug in  unchanged 

form. Over the next 24 nours they found the metabolic 

products in  the respiratory system, accounted for most, of
5

the remaining dose, not cleared renally.

Beckman (1958) summarized the find

ings o f the above workers and pointed out the accumula

tive nature o f the drug because 1$ o f  the administered

dose is  retained in the body for over 24 hours and Is
12 •metabolized slowly.

From the above citations, the three 

vagaries o f urethan making the administration o f bone 

marrow depressant doses impossible to attain without the 

involvement of normal tissue with mi to t i genic doses are 

it s  wide distribution showing an high ab ility  to pass the 

capillary barrier, its  uneven distribution showing i t »  

difference in so lubility  between o il and water s t i l l  per

tains in  vivo attaining concentrations in any given tissue 

according to it s  so lub ility , and its  accumulative nature.



METHOD

Adaptation o f the method of Miles

and MLles (1952) has proven, to be an. excellent way of

detecting minute increases in capillary permeability.

11 In animals recently in
jected with v ita l dye in their blood 
the intradermal Injection of. a subs
tance that increases the permeability 
of the blood vessels, is  followed by 
an accumulation o f dye at the site  
of the in jection, presumably due to 
the passage of an extravasation of 
dye-stained plasma into the tissue 
spaces. When the blood flow to the 
skin is  re latively  constant, d iffe r 
ences in the size and intensity of 
the stained areas of the skin, re
flec t differences in  the permeabil
ity o f the blood vessels and may be 
used to investigate the properties 
o f substances that increase perme
ab ility  in this manner»'*13

Miles and Miles (1952) used & 

pontamine dye and a guinea p ig, while for theses tests 

o f urethan Evan's Blue was used for a dye, and the. 

rabbit; for a subject, with the^ same general reaction 

as was described by the authors o f the method.

The particular procedure used in  

each of the following experiments is  detailed in  the 

section to which it; applies, directly proceeding the 

results. Since each experimental process varies from 

the proceeding experiment in some manner, a generali

zation of method would be inaccurate.
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Photographs were taken of. the 

various responses at times stated under each photo

graph, when the responses were of sufficient change 

from the normal or from each other injection to war

rant a pictorial record. Not a l l  o f the photographs 

taken are included, only; those o f  sufficient change 

were mounted,

Fbr the study of the changes in  

the white blood cells of the rabbit, under general anes

thesia induced and maintained by urethane a surgical 

approach was found necessary. The anesthetized animal 

was incised in the linea alba o f the abdomen, from, the 

xiphoid process can dally»: for about: 6 centimeters. This 

process bares the liv e r  and the falciform  ligament can 

be dissected away from the liv e r »  freeing that organ 

for manipulation.

After the liv e r  is  re latively  free, 

i t  can be depressed and blood samples can be taken d ir

ectly from the vena cava, before i t  passes the diaphragm. 

This procedure was found to be practically bloodless, 

less traumatic, than cardiac: puncture and capable of 

allowing repeated puncture at precise time intervals.

A head mirror was used to illuminate the site of puncture 

within the abdominal cavity, but any good source of 

ligh t on the area would work as well.
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Sodium chloride solutions of- equal 

osmolarity to the urethan were used as controls. The 

.877% Na 01 used in experiment I I I ,  was also isotonic, 

but i t  is  understood that the urethan concentration of 

the same osmolarity, a 2. 67% solution is  slightly  hypo

tonia. The urethan can be adjusted to isotonicity but 

the adjusting dose would have changed the osmolarity and 

would have Introduced smother unknown, or i f  adjustment 

was made with Na 01 the control would be lo st , and i f  

a 2.93% urethan solution had been used,qit would have 

been isotonic but the osmolarity equality with the sod

ium chloride would have been disturbed. Therefore the

experiments herein are studies of osmolarity, with lso -
15tonicity studies in  the future.
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PROCEDURE

A 3.2 kilogram female rabbit was 

placed on a restraining table and depilated over the 

abdominal region. The marginal ear vein was injected 

with 2 cc's of . 5% Evan's Blue mixed with 2 cc's o f 

normal saline, the entire injection was 4 cc 's. Ten 

minutes was allowed for the equilibration of the dye 

throughout the vascular system.

Intradermal injections were then 

made with #26 needles and tuberculin syringes, in  the 

following sites , amounts and concentrations»

#1 #2

.05cc's o f
50% urethan

.05cc's o f 
16.4^ -NaJSl

5.6 o s i 5.6 osm

#3 #4

.05 cc's of 
20% urethan

.05 cc's of 
6.5% NaCl

2.24 osm 2.24 osm.

#5 I~T?3

.05 cc's of 
1.6^ urethar.

.05 cc's of 

.5% NaCl

.1 8  osm

_ f

.18 osm
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INTRADERMAL INJECTION #1. During 

the minute following the infection of. *05 m illllite ra  of 

50% urethan intradermally, in  the blued rabbit, the bleb 

turns a green-yellow, In  situ. The exact second requir

ed for this phenomenon was not no ted since it: proceeds 

immediately and is  complete in  less than. one minute.

One possible explanation,for this 

discoloration of. the flu id  within the bleb, is  that the: 

vascular channels in the: immediate area o f the infection  

have been destroyed causing an extravasation o f whole 

blood and the color is  due to rapidly degradated hemo

globin into b ile  pigments. Until further studies can be 

made with the dissecting microscope^ it: is  impossible to 

give more than this educated guess as to the source of. the 

color.

Three minutes after Injection the 

blue stained plasma makes its  appearance at the periph

ery, the greenish central area s t i l l  apparent.

The central Inhibition , apparent

ly  an avascular area^beglns to form in  six minutes and 

in  seven minutes the reaction is  complete^ gaining neither 

In size nor color Intensity over the next hour.

The photograph, was taken at one 

hour and ten minutes (exp a) and was essentially the 

same as the seven minute example ,̂ for 50% concentration.
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INTRADERMAL INJECTION #2. The f ir s t  

reaction o f 16*4;# Na Cl »o f 5.6. osmolar!ty, started, in  

10  minutes with, only a suggestion o f blue at the perlpb® 

ery. In thirteen minutes the . 0 5cc intradermally inuect- 

ed dose showed unmistakable but very faint blue plasma 

accumulation around the periphery*

Within 24 minutes the periphery of 

the wheal was defin itely blue and central inhibition be

comes apparent.

The diameter o f the 50% urethan 

wheal was complete in seven minutes» at which time the 

diameter o f  the sodium cbloride of the same osmolarity 

had not reached more than half o f the urethan wheal dia

meter. The diameter of the sodium chloride infection site  

reached almost to that of the 50% urethan in 11  minutes 

and i t  continued to enlarge until after that photograph 

was taken at the one hour and ten minute mark. The sites  

were watched until past the l - l /2  hour post injection  

time, and the only change seen was in the size o f the 

sodium chloride wheal.

The increasing size of the wheal 

was conoommitant with the development of a white edematous 

ring around the already blue plasma accumulation.

Central inhibition of the wheal re 

mained with a faint: hemorrhagic ring bordering i t .
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INTRADERMAL INJECTION #3» This 

site was injected with 20$ urethan of 2*24 osmolarlty.

The constant infection dose of .05 cc was administered 

in  the same manner as the sites #1 and #2» Because of the
A

speed o f ruction of the f ir s t  Injection s ite , this in ject

ion was not. undertaken until i t  could be timed and record

ed without confusion. Therefore it: lags the original in j

ections by nine minutes.

The same green-yellow discoloration 

did not appear as rapidly or as homogeneously as did the 

50$ concentration of the drug. In this case the discolor

ation proceeded from the periphery maintaining from the 

beginning, some amount of central inh ibition  not seen in  

the higher concentrations.

In eight minutes theret was a defin

ite  yellow-green bleb with only slight: central inhibition.

The extravasation of blue-dyed plas

ma was only a trace at the periphery in  11 minute©. The 

fu ll  wheal development was not complete until 23 minutes 

had elapsed; the slight yellow-green color and slight 

central inhibition remained. In 31 minutes a white peri

phery became apparent, but showed no Increase in size in  

photograph taken at the one hour and ten minute mark.

I t  was equal in  diameter to the:

Na Cl injection on the contralateral side,in  16 minutes*
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INTRADERMAL INJECTION #4. This site  

of injection held .0 5  cc. oil 6 .5% sodium chloride of an 

osmolarity equal to the 2Q% urethan injected in site #3 » 

the osmolarity being 2.24.

The f ir s t  sign of change in  this 

injection was at 14 minutes when a faint blue periphery 

showed with some central inhibition,

Qr the time the whealing o f the 

urethane 20$ was complete in 23 minutes^ a homogenous 

blue plasma accumulation at the site  of injection was 

without central inhibition.

In 50 minutes the white edematous 

border began to form and increased in size outward from 

the blued area. Although the urethan and the sodium 

chloride were equal in size in 15 minutes, the increase 

in  the white periphery' ring o f the sodium chloride 

continued until after the photogragh was taken in one 

hour.
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INTRADERMAL INJECTION. #5. This 

Infection of 1*6% urethan equal to .1 8  osm solution, 

was made 23 minutes after Injection #1 and 14 minutes 

after infection #3*

The f ir s t  changes were seen at the:

18  minute mark with very faintly  yellowish caste to the 

injection site . The bleb was rapidly absorbing.

By the time 31 minutes has elapsed 

a faint homogeneous bluing of very small diameter could 

be seen. The photographic time for these injections was 

42 minutes.

Since the photographs did not show 

too well the bluing phenomena in the hypotonic solutions 

the experiment was repeated with time-lapse photographs 

following the course o f each injection, as nearly close 

in  time as possible.

INTRADERMAL INFECTION #6 . This 

injection site was used as a control for a l l  skin trauma, 

histamine release due to tissue in jury, and any Inadvert- 

ant vessel damage causing the phenomena under investiga

tion. This injection was absorbed rapidly,within 17 minu

tes,leaving only a blanched area o f injection and no 

extravasation of. blue-dyed plasma was seen on this experi

ment or any of the following experiments.
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I t  la  very possible to have more 

than your hands fu ll  In the rapidity with which the chan

ges take place in this experiment^ proceeding rapidly to 

a loss of accuracy for the finer time d iffe ren tia l.

Since i t  was apparent that the low

er concentrations were proceeding minutes behind the high

er concentrations another experiment was performed where

by the lower concentrations were injected f ir s t .

I t  was also observed that a simult

aneous reading on six wheals could not be accurate in  

timing therefore photographic evidence was started for 

the following experimental proceedings.

The extravasation of blued-plasma 

was better seen by the naked eye than by the camera in  

this f ir s t  experiment, but in the following experiments 

finer detail is brought out by the use of a magnifying 

glass or jeweler's loupe.

There is  no doubt o f the need to 

continue these tests since the method proved very effect

ive for the visualization o f even minute amounts of dyed 

plasma. I t  is certain that had the plasma not. been dyed 

the slight extravasation exhibited in the . 1 8  osmolar 

range could not have been detected since there was no 

inundated border v isib le  at any time.
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EXPERIMENTE I I

exp 1  1 minute

exp 2 6 m inutes



EXPERIMENTE I I

esq? 3 . 8 minutes

eacp 4 11 m inutes
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EXPERIMENT I I

exp 5 J.6 minuties

exp 6 21 minutea

12S;<20



EXPERIMENT. I I

exp 7 36 minutes

exp 8 96 minutes
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PROCEDURE II
A 3.59 kilogram female rabbit was 

restrained and depilated over the abdominal region« The 

marginal ear vein was injected with 2 cc's o f .5$ Evan's 

Blue mixed with 2cc's o f normal saline, the entire in 

jection was 4cc's. Ten minutes was allowed for the equi

libration of the dye .

Intradermal injections were made 

with #26 needles and tuberculin syringes in the follow

ing sites, (?jaounts, and concentrations.

#1 #2

.05cc*s o f 
50$ urethan

*05cc's of 
1 6 . 4$-NaCl

5.6 osm. 5.6 osm

! B #4

„0500*8 of 
20$ urethan

.05cc*s of 
6.5$ NaDl

2.24 osm 2.24 osm

B #6

.05cc‘ s of 
1.6$ urethan

*05cc’ s of 
.5$ NaCl

.1 8  osm
-------------------------------------------------------- -

.18 osm j
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IHTRADERMAL ISUEETIOK #1* In photo

graphic; series proceeding this section, the number ona 

site of Injection being the highest concentration, was 

injected last, and. lags injection, number six  by six  min« 

utes*

This site  showed the immediate color 

changes previously described for experiment, one, and the 

intensity o f the dlacoloration. became; greater over the 

next 11 minutes* There, was also a fa int blued periphery 

seen at this one minute interval*

At the six  minute; in terval, the 

yellow-green central area is  followed by a concentric 

butt incomplete ring of red .hemorrhagic, area, while a ll 

is  circled with the blue-dyed plasma from the vascular 

channels*

The hemorrhagic. area3 become more 

pronounced as the time increasea from time of injection* 

The wheal is  complete in  the^ eight minute photogragh, 

and the subsequent pictures (exp4- 8) show progressive 

deepening of blue coloring and some diffusion into the 

area around the original wheal*

Some central inhibition, a white 

area around injection s ite , although not too well defined 

in  the photographs, was seen with the naked eye to begin 

in one minute and increase outwardly from the canter.
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INTRADERMAL INFECTION #2* This B it®  was to

contrast: an equl-osmolar concentration of sodium chloride 

to the reaction received from the 50%, 5 *6- osmolar, u r- 

athan. The photographs are one minute less than the. true 

injection time

The:photograph exp 2, shows the blue 

periphery proceeding to form, white central inhibition, 

and greatly; enlarged area of wheal*

The white edematous border is  begin

ning in exp4 at 11  minutes ( 12 minutes from this in jec

tion time;) , although i t  was not apparent to the naked 

eye, according to laboratory notes,until 5 minutes la ter.

The hemorrhagic area began to form 

at the time of the 21 minute photograph and increased 

in intensity until the 96 minute photograph.

At the close of the experiment, 

the sodium chloride wheal had exceeded the urethan wheal 

o f the same osmolarity, with an increase of the clear 

ring around the periphery of the blued wheal area.

Although the reaction is  much less  

intense* it. is  of a much longer duration than the ure- 

than injected contralaterally in the same osmolarity.

The hemorrhagic area is  shown in  

a lighter color due to enlarging o f photograph and 

loss of detail in  exp a.
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INTRADERMAL INJECTION. #3. The photo- 

time of exp 1 is  four minutes for this injection.

Ebr this 20% urethan solution, 

the eye report recorded in  laboratory at the time of 

the injection describes a momentary homogeneous erythema 

of the injected bleb. This is  followed rapidly by a y e ll

ow-green discoloration and Immediately thereafter the 

injection site shows a trace o f blue in its  periphery.

An area appears as hemorrhagic without central inhibition.

At the 9 minute mark:, exp2, the 

area is  less p lain , but: increases in  intensity until the 

96 minute mark at which time the area shows the redness 

to be greatly increased vascular markings rather than 

lntradermal bleeding. The markings are not diffuse or 

homogeneous, but very well defined and unchangeing in  

design. The wheal and the major changes were complete 

in 11 minutes exp4 (14 minutes for this site)

INTRADERMAL INJECTION #4. This in

jection site is  four minutes older than the photographic 

evidence. Slight blueing was seen at the 12 minute time 

lapse and i t  increased in intensity until the twenty min

ute time lapse (exp 5).- Peripheral edema began about the 

20 minute mark and Increased in diameter until after the 

100 minute time lapse. The blueing was homogeneous and p 

proceeded from the periphery inward.
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INTRADERMAL INJECTION #5. The most 

outstanding feature of this injected bleb is  the speed 

with which i t  is  absorbed. Because of its  lower concen

tration i t  is the most important for this work, with 

a hand lens the peripheral whealing can be seen in  exp2 , 

and adding five minutes time lag  places the response 

at 12 minutes.

The f ir s t  signs o f blueing are 

detected in the photographs and were not seen by the 

naked eye until much later. In exp 5 at 21 minutes a 

slight homogeneous area of blue can be seen.

This area increases in intensity 

until the 100 minute mark.. There is  no central inh ibi

tion apparent at any time. I t  appears to Increase the 

capillary permeability in  a simple and unco Explicated 

manner.

Although the area of injection  

never seemed to show any yellow-green, e ffects , the hand 

lens w ill show a ring in the skin over the injection  

site  that is  not blue and corresponds to the original 

id eation  site rather than the blued area.

The capillary permeability is  

increased some minutes after the bleb is  absorbed, 

since the onset of blue-dyed plasma accumulation in  

the area of injection was at twelve minutes.
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! NT RA DERMAL INJECTION #6 . This site  

is  the control responso» Thereswas never at any time 

an extravastlon of dye-stained plasma into the tissue at 

the site of infection»

Since none of the. injections wore 

more or less in  volume and route of administration, then 

a negative response from site  #6 shows none of the other 

reactions are due to local release o f substances that 

might cause an increased permeability of the capillaries. 

In. each o f the other five  sites therefore, the extrava

sation of plasma is. due to Injected material not trauma 

of infection in any way»

Since this site  was for .18 osmolar 

Na 01 i t  was also a control for the nature of the sub

stance injected in site  # 2 and § 4» Any changes in  

permeability at those sites must necessarily be due to 

difference in pH or osmolarity.

The difference between site  #1 and 

#2 must therefore be due to the exact nature of the drug 

urethan, since osmolarities were constant between these 

two sites ,: the same holds for sites #3 and #4* and #5 
and #6 .
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w o ? W im m  i n

%*

exp 9 1  minute

©xp 10 3 m inute»
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EXPERIMENT I I I

axp I I  6 mlnutas

•xp  1 2 11 ialnut«B



»OPERI M&HT I H

exp 13 16 tai mites

exp 14 21 a imutes
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PROCEDURE I I I

A 2.275 kilogram female rabbit was 

restrained and depilated over the abdominal region. The 

marginal ear vein was injected with 2cc*s o f ,5% Evan's 

Blue mixed with 2 g o ’s of normal saline, the entire 

injected volume was 4 cc's. Twenty minutes was allowed 

for equilibration of dye.

Theoretically,, urethan and sodium 

chloride w ill give a neutral pH, i f  the water used as 

a solvent is  neutral. The pH was determined for each 

pilot: solution, dilutions for other infections were 

made from the quantity of: urethan or sodium chloride 

in which the pH had been adjusted. I t  was found that 

the pH was 6.5 for the 14.26j£, 1.5 osmolar5urethan and 

one-half of- a drop o f KOH was added to give pH 7.2 for 

20 cc's o f the solution.

The pH of the sodium chloride was 

6 .2  and NaOH ,one-half of a drop, was added to adjust 

the pH to 7.2.

These two solutions were used to 

complete the set o f s ix  used in this experiment* In each 

dilution 2P cc's was diluted to 1QP eels, for in ection 

of sites #3 and #4. Dilution o f 60 cc's to 1Q0 cc's 

gave injection doses for sites #5 and #6 .Since the be

ginning dilutions were 1 . 5  osmolar* the other dilutions



were lower , varying from Experiments I and I I  in  the 

concentrations, the sites o f in jection, and th.e amount 

injected. The substances remained the same.
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' #1 CM=#5

. 1  cc o f 
14,26$ urethar.

. 1  cc o f  
4.38$ NaCl

1 ,3  osm 1 , 5  osm

#3 #4

•1 cc o f 2, 67$ urethan
, 1  cc of 
.877$ NaOl

• 3 osm • 3 osm

#5 #6
•1 cc of 1 , 6$ urethan

. 1  cc o f  

.5$ NaCl

•18 osm .1 8  osm

0
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INTRADERMAL INJECTION #1. The photo» 

graphic evidence from exp 9 to exp 14 are timed for 

this injection, the other sites being of a greater time 

interval•

Although less osmolar substances 

were injected a larger skin dose was used. The 1.5 osm

o lar! ty showed the hemorrhagic phenomena seen in the 

20$ injections of experiments I and I I ,  and it  seems 

to be more noticeably as the concentrations lessen, from 

the 50$ solution that causes the yellow-green, phenomena. 

In the three minute photo, there is central inhibition,
fa

hemorrhagic.center, andAtrace of blue periphery. I t ,  

merely intensifies up to the 11 minute mark, was complete 

and starting to diffuse into the surrounding tissue in  

21 minutes.

INTRADERMAL IN KJTION #2. The time 

lag for this site; was about the same as for #1 , since 

no half-minute periode were recorded.

I t  was absorbed faster than the 

corresponding dose of urethan, and the response was very 

spotty, and irregular suggesting an extravasation of so 

small an amount as to be visualized only i f  the cap illar

ies are in close proximity to the surface skin. I t  lacks 

the homogeneity of the 2.24 osm of the other experiments. 

A dissecting microscope may add to the study of this
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INTRADERMAL INJECTION #3. Two minutes 

may be added to each, photo-time, since this injection was 

two minutes before site  #1 .

'Within nine minutes there was some 

very s ligh t bluing, which was completed in 11  minutes, 

although the injected bleb did not seam to be fu lly  ab

sorbed«

Complete absobtion of the bleb, as 

reported in laboratory notes talien at the time, did not 

change the response significantly«

INTRADERMAL INJECTION #4. The white 

area at the site  o f in jection remained after complete 

absorption« This is  two minutes earlier than site #1, and 

two minutes may be added to the photo-time, but no re

sponse took plane at a ll«

INTRADERMAL INFECTION #5. Adding

three minutes to the photo-time, this infection was ab

sorbed in  four minutes« I t  appeared about the same as 

site  #3 in  time of bluing and intensity o f color, a l

though i t  was a much larger diameter« I t  required about 

two minutes more than sitei#3 for the blue dyed plasma 

to make its  appearance«

INTRADERMAL INJECTION #6. A control 

site  that remained negative throughout the experiment.
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8XPERIMSNT IV

«xp 15 8 mirait ob

exp 1 6 9 minutes
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PROCEDURE IV

A 1.8 kilogram rabbit was restrained 

and depilated over the abdominal area* No bucks were used 

in any of these experiments outlined here. The marginal 

ear vein was injected with 3cc*s of Evans ,5% dye to in

sure; that even minute extravasations would be picked up 

by the camera. Saline was omitted and the entire in ject

ed volume;was 3cc's, Three minutes later ,5cc o f 25mgs 

per cc phenergan was given in the opposite ear vein.

Pour minutes later another 1 2 ,5  mgs was given same route. 

This is  far above the recommended dosage for humans« 25mg 

dosage being twice that required to protect humans, again

st histamine reactions. The sites , concentrations, and 

substances are the same as for experiments one and two, 

but the amount is varied by ,05cc increase.

A ll intradermal injections were done 

with #26 needles and tuberculin syringes. The injected 

dose was ,lcc  and the Injection of a ll  six sites has been 

reduced to 2 minutes, therefore the camera time difference 

is  disregarded in the following explanation of the vari

ous reactions,

INTRADERMAL INFECTION #1. The usual 

yellow-green discoloration appeared to the naked eye In 

one minute« and deepend over the next hour. I t  retained 

a small area o f central inhibition at the same time»
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An area of hemmorrhage was immediately manifested and a 

persistance of some parts of i t  are seen in the later  

photo 63 minutes (exp22) .

Extravasation of dyed serum was seen 

in the nine minute photograph with an increase in color 

and diameter until after the last picture was taken.

INTRADERMAL IN 33TI0N #2. For this 

5*6  osmolar sodium chloride solution^of .lee  volume in

jection f the blue-dyed plasma did not. appear until the 

15 minute mark and was photographed at 18  minutes as a 

very faint blue periphery.

The.edematous ring was not as active 

as usual but maintained a constant depth once iti.had 

formed.

INTRADERMAL INJECTION #3. This s ite  

of ,lcc  o f 20  ̂ urethan buffered to 7.2 pH, showed an 

extravasation as earlyt as nine minutes* The hemorrhagic, 

phenomena was greatly reduced in time of development but. 

its  onset was as immediate as usual.

INTRADERMAL INJECTION #4. Blueing 

began at the 15 minute mark ,as with the higher osmolar- 

ity of sodium chloride. I t  darkened with time, but never 

managed to overcome the central inhibition, to become 

homogeneous^ until after the photography was stopped.

INTRADERMAL INJECTION. #5. This
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site of .lcc  of .lSosmolar urethan was inhibited until 

slight ring formation began in 18 minutes,, increasing 

over the next twenty minutes and becoming homogeneous 

at the 4l minute mark*

INTRADERMAL INJECTION #6 . For this 

site  o f .lcc  of .1 8  osmolar sodium chloride there was 

no response other than the tiny pointtof blue due to 

the needle puncture at the time o f infection.
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PROCEDURE V

A 2.8 kilogram rabbit: was restrained  

and was depilated over the abdominal area. At 11:25» one 

m illi lite r  of. Adrenosem salicylate, (carbazochrome s a li 

cylate) containing 5 mgs of tbe drug per ml was injected  

intramuscularly» into the: gluteal region of the rabbit.

The marginal ear rein was used for in jection of 2 mis of 

•5% Evan's Blue without saline dilution. The s ite s , the 

concentrations, and the substances areridentical with, 

experiments I , I I  , and IV. The injected volume is  .1 ml.

The injections were made from the 

lowest saline concentration to the highest ur.ethan con

centration within two minutes from starting time 12:45.

INTRADERMAL INJECTION #1. The in 

jection showed the immediate yellow-green discoloration  

of the injected bleb, speed o f onset apparently was un

changed. The small areas of hemorrhage, seen with a lens 

to be increased vascular markings* began within five  

minutes o£ injection and are seen in  exp 25.

This site deepens, in greenish coxor, 

in redness of hemorrhagic areas, and in  intensity o f blu

ing, until the 36 minute mark* past which there is  no 

apparent change.

INTRADERMAL INJECTION #2. Twenty 

minutes had elapsed before bluing started, the site remain
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ed in ring form* becoming neither yellow-green, nor 

hemorrhagic* nor homogeneous blue.

INTRADERMAL IN EGTION #3. This 

site of 20$ urethan shows neither the hemorrhagic pheno

menon, nor deep yellow-green immediately seen in other 

experiments for this concentration and dose, nor any 

noticeable central inhibition. The site  was a homogeneous 

blue as is  usual for the hypotonic infection site  #5. The 

reaction of accumulation of blue-dyed plasma began in ten 

minutes and was completed in thirty minutes.

INTRADERMAL INJEGTION. #4. Bluing 

began at the twenty-seven minute marls:, and it* remained 

slightly  blued for some time after photography stopped.

INTRADERMAL INJECTION #5. No signs 

o f bluing were seen to the na&ed eye according to the 

laaorato^y notes for this infection s ite . The 36 minute 

photographic evidence shows a homogeneous, d iffuse, but 

unmistakeable bluing by the use o f a hand lens..

INTRADERMAL INOEGTION #6 . This con

trol site  o f hypotonic saline solution was negative for 

the entire experimental time.
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arenai ¿«snt vi

exp 32 12 aaonutas

exp 33 18 minutes
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EXPERTMENT VI

exp 34 57 minutes
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PROCEDURE VI

A 1.6 kilogram female rabbit was 

pre-medicated at least 24 hours previous to these tests.

On the day p rio r to the.skin tests, at IQjOO in  the morn

in g ,! ml of Adrenoaem salicylate (5 mgs per ml ) was in 

jected into the gluteal region of the rabbit on each side. 

The total invested dose was 10 mgs.

The next morning at 10:30 the animal 

was injected with .5  ml o f the: same drug in the right 

gluteal region. The ear vein was injected with .5% Evan's 

Blue but a previously unnoticed ear chancre caused a fo r

ward blocking of. the dye and the exact amount injected  

was doubtful.

The skin Injections are the same as 

previously charted for experiments I,and  I I  in  location, 

concentration and substances. The dose injected was .1 ml. 

The in 0ections were started at 11:30 and were, completed 

in one minute. The f i r s t  photograph was taken at 11:32.

After the: f i r s t  photograph was 

taken in  2 minutes, i t  was not certain that the concentra

tion of the dye in  the vascular channels was high enough 

to insure photographic pick-up of minute amounts of dyed 

plasma. A small incision was made in the skin as seen in  

exp 31 in the area of injection site #6* along side the 

prominent vein in the mammary line . The: skin was then
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stretched medially until the incision: was over the vein,

A thin fasc ia l covering over the vessel held i t  quit»: 

steady for visual placement of the needle, A volume of 

3 mis o f ,5% Evan’s Blue was injected slowly without d i l 

ution with saline. This procedure has become standard in  

this laboratory because the vein is  larger than the ear 

vein usually used and therefore less stasis occurs in  the 

injected vessel. The incision is  made with a sharp enough 

scalpel that the abdominal reflexes of the rabbit are not: 

affected. The site o f incision was never sponged and the 

photograph exp 31 shows the bloodlessness o f the opera

tion also the extravasation o f dyed plasma in  the incised 

tissue«

I  NT RADER MAL INFECTION #1. The yellow- 

green discoloration was immediate. In two minutes the 

hemorrhagic ring began to form and slight bluing occured,

I NT RA DERMAL INJECTION #2. Mare d iffu 

sion occured before reaction became apparent. The bluing 

began in  16  minutes, but no areas of hemorrhage showed,

INTRADERMAL INJECTION #3. The momen

tary erythema and slight yellow-green discoloration were 

immediate, bluing was slight and peripheral in  9 minutes.

INTRADERMAL IN-EC HON #4. Rapid ab

sorption was followed by a faint blue periphery in  25 mins.

INTRADERMAL INFECTION #5,No bluing
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and s t i l l  showed an elevated injection site at the 57 

minute mark. At no time was there any sign of blue dye 

in the tissues around this s ite , and at the close of the 

experiment the bleb had not yet been absorbed. Thereewas 

some spreading out of the injected substance under the 

skin that is  seen as a white area in the photograph.

INTRADERMAL INJECTION #6. Negative 

response to this control site  except ititoo,was not ab

sorbed .



OBSERVATIONS

1. The skin reaction of a blued rabbit to urethan in  

concentrations from .1 8  osmolar to 5 .6  osmolar are 

not due to the osmolarlty, but to the nature o f the 

drug.

2. The one constant feature for a l l  o f the above mention

ed concentrations is  their ab ility  to increase the: 

capillary permeability in the rabbit.

5 . Ooncentrations of 5 .6  osm show only a slight area of 

increased vascular markings which remain peripheral, 

while lower concentrations of 2.24 osm and 1.5 osm 

show more immediate, more intense, and greater area 

o f increased vascular markings, the lower concentra* 

tion showing the greatest response. This response 

was seen in  the 5 .6  osm control late in  onset and 

low in intensity.

concentration — t  vascular markings"4 time or onset

4. In general for controls and urethan increased concen

tration increased the size* and the intensity while 

i t  decreased the time of onset.

¿concentration ^  I  size ¿intensity
-f'time of onset

5. The higher the concentration the slower was the absor- 

tion

6 . Urethan is  absorbed more rapidly than is Na 01 of
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the same osmolarity.

7. Capili ary permeability changes are not noticeably 

affected by lower pH 6.2 over the desired pH7.2 of 

the injected substances.

8. Lower hypertonic solutions of 1.5 osm show an im

mediate erythema of the injection s ite , the intensity 

lessens with increased osmolarity. The 5.6 osm Na 01 

shows this reaction about. 20 minutes after in fection  

and attains a central area of increased vascular mark

ings in  thirty minutes increasing slowly in  Intensity 

for the next hour.

9. - The reactions to urethan and to Na 01 are reduced in

intensity and delayed in  onset by hypnotic doses of 

phenergan.

10. One hour pre-medication with adrenosem salicylate  

reduces the response to urethan and increases the 

time of onset of reaction but does not retard the 

absorption and does not prevent the accumulation 

of dye at the injection site.

11. Twenty four hour premedication reduces response in  

higher osmolarities, blocks the absorption o f  the 

injected substance, and prevents the extravasation 

of blue dyed plasma.



PROCEDURE FDR DETERMINING 
CHANGES IN NBC; MORPHOLOGY

Blood slides were prepared from 

ear punctures In  rabbits and stained with Wright’ s stain. 

After the normal untreated animals had furnished the con

trol s lide , the animals were inducted with urethan. Sev

eral samples were taken at increasing time after anes

thesia* Blood slides were prepared and stained as in  the 

normal sample. D ifferentials were performed for each 

time sample and changes in morphology from the normal 

were recorded. The results follow under the experiment 

number, in  the next section.

The major morphological changes as 

seen in  these experimental proceedings were in  the size, 

number, and staining ab ility  o f the granules in  the 

white blood ce lls . A simplified system of c lassification  

of the ce lls  according to this variable had to be devised 

in order to prevent loss o f true objective reporting of 

results. A description of each of the whole elements of 

the blood that underwent a morphologies'1 change has been 

used throughout these experiments as c r ite ria  for the 

reporting o f the d ifferentia l counts.

NBUTROPHILES

These cells show heterophilic gran

u lation  somewhat larger in size than Im the normal human. 

The normal rabbit samples have shown these granules to
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be o f Heterogeneous staining ab ility , some being darker 

than others and many Deing indistinguishable from dark- 

blue. They have not shown in any normal sample the homo*» 

genelty o f size and color pictured by Maximow and Bloom
( 1953)14

PSEUDOEO SI NOPHI LES

"When the white blood c e l l , the neut

rophile, begins to undergo changes in  granulation* the 

change is  described here at its  completion as pseudoeos- 

inophillc. The granules are tightly packed witii no spaces 

between the granules. They are homogeneous in size and 

color, which is  a bright-yellow-red. The whole psuedo- 

eosinophile is  often more completely round in shape and 

slightly  larger than the neutrophile from which it: was 

formed« as an average. This cell description does not 

include any of the intermediate stages- of transition  

from the neutrophile, but only includes the one described 

completed change.

NON-GRANULAR CELLS 

These cells are described for our 

purpose here as being without any apparent granules and 

are not to be confused with agranulocytes since they 

have included in their number , a few very Immature forms 

o f  the granulocytic: series not yet exhibiting granules.
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AZUROPHILES

Maximow and ELoom(1953) describe a 

cell o f the lymphocytic; series as a normal variation, o f 

that series.

M Although the lymphocytes
arenongranular leukocytes, Roman- 
owsky-stained, dry smears occasion
a lly  reveal a few round granules of 
different sizes and of a bright, 
purple color in  their cytoplasm.
These are called azurophile granules. 
Unlike the granules of the granulo
cytes , they are not a constant feat
ure of this ce ll type.

In order to d ifferentiate the normal

lymphooyte with a few occasional azurophilic; granules

from the rabbit lymphocyte w ith-its cytoplasm and a

good portion of its  nucleus obscured by the number and

large size o f it s  azurophilic: granules, these cells are

termed here: as azurophil es, for ease of classification*

and identification.

These cells are described for the 

normal rabbit blood smears as having a nucleus that is  

stained the same color and depth of color as a lympho

cyte of. the same size. The nucleus is  usually eccentric

a lly  placed and indented. The granules are large , dart, 

and completely f i l l  the cytoplasm of the c e ll ,  often 

overlying the nucleus • They also can be followed in  

the time studies here and show the small lymphocyte 

becoming granular and becoming larger than neutrophiles.
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BASKET CELLS

These cells are the classic lacy- 

pat terned elements. They are usually quite abundant In 

blood smears, showing vacuolization and destruction of 

lyn$)hocytes. There is  even a sim ilarity in this cell 

and the vacuolated nucleus of azurophlles (s lide #6).
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A 2.2 kilogram female rabbit was 

Inducted with 2*3 mis of 50% urethan by marginal ear 

vein. Anesthesia was maintained with 1.7 mis one hour 

la te r , and an additional 2.0 mis in  fifteen  minutes. The 

total injected volume was 6*0 mis of 50% urethan over 

a period o f one hour and fifteen  minutes.

Blood smears were taken from free

ly  flowing ear punctures, dried and stained with Wright's 

stain. D ifferentials were performed and the changeing 

morphology of the blood elements was recorded.

No interpretation upon a deviation 

from normal was possible in this case since no pre- 

medication normal smears were taken. The results are 

c lassified  according to the appearance of the cells as 

they f i t  the criteria  set forth, here in the previous 

pages.

EXPERIMENT V II

SLIDE NUMBER 1 2 3

1,1

4

non-granular 68 44 49 65

azur ophi les 5 5 3 0

neutrophiles 27 51 47 35

degenerated 0 0 1 0
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A blood smear was taken from the 

ear puncture o f a normal 1*68 kilogram female rabbit..

The rabbit was ttien inducted with.. 5ml of 20% urethan 

by marginal ear vein. Over a period o f three hours and 

f i fty  minutes a series of blood films werei taken and 

stained with 'Wright's stain. D ifferentials were perform

ed and deviations in morphology were recorded.

EXPERIMENT V I I I

TIME LAPSE 0 IS
.

35 1 75
—160

►-------
200 230

SLIDE NUMBER 5 6 7 8 9
1

10 11

nongranulated 63 62 50 62 42 "55 31

neutrophiles 10 29 26 22 53 46 55

azurophiles 2b 9 1 *7 4 4 19 11

degenerated 1 3

basket cells 7 8 1 3

normoblasts 1

Although the neu;rophlles increases 

in number the morphology of these cells was fa ir ly  cons

tant. The nuclei and heterogeneous staining granules re 

mained the same for a l l  s lides, but the granules increas-
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ad In number, never to the point of pseudoeosinophilia.

The major change in the white cell 

morphology was seen in the azurophiles. In the normal 

slide (5) they were about the size o f a medium sized 

lynqphocyte. Fifteen minutes after urethan medication 

these cells and a l l  lymphocytes underwent a nuclear 

vacuolization^ Many of these cells showed the lacy f i l a 

mentous structure in their nucleus similar to the ap

pearance; o f the basket ce ll, in  many cases the. ligh t  

blue lymphocytic cytoplasm was seen as the granules 

parted in disintegration. In the 35 minute post-anea- 

thetic period a l l  signs o f vacuolization had disappear

ed, and the lymphocytes had become more homogeneous, in  

size, shape, and color. After 75 minutes had passed thef* *■
basket ce lls  were s t i l l  numerous, but the morphology of 

a ll  elements seemed fa ir ly  stable. In two hours and 

forty minutes small darkly staining lyn^hocytes made 

their appearance. By three hours and ten minutes these 

lymphocytes began to show some granules in their very 

small indented area o f the nucleus, the granules were 

peripheral in the cytoplasm. By four hours and ten min

utes the azurophiles were larger than the very small 

lymphocyte and the number of granules had increased to 

the point o f being uncountable by these methods.
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A blood smear was taken from the 

ear puncture of a normal unmedicated 1.80 kilogram 

female rabbit. The rabbit waB then inducted with 5mls 

of 20$ urethan by marginal ear vein. Over a period of 

four hours a series of blood smears were taken from 

freely flowing ear punctures, dried and stained with 

Wright's stain. D ifferentials were performed and devi

ations in  morphology from the normal slide were record

ed.

EXPERIMENT I X

TIME LAPSE 0 30 50 90 180 210 840

SLIDE NUMBER 12 13 14 15 16 17 18

nongranulated 53 25 25 22 25 22 , 35

neutrophiles 8 14 22 32 38 43 51

azurophlles 36 30 46 28 23 14 9

basket ce lls 22 d 10 8 11 2

degenerated 2 9 1 5 5 | 9 3

normoblasts 1

In this experiment as in V III the
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major changes were in the azurophiles. Thee normal s lide  

for this animal showed a greater nunxher of the small 

cells of this type. The.lymphocytes showed only a 

small wedge shaped area of cytoplasm in. the area of its  

indented nucleus and this area was red with a few gran

ules in  som ecells and many in others. The f i r s t  appear

ance of the morphologic change in the cytoplasm seems 

almost aB i f  there was chromatic aberration in the o il  

immersion lens, but closer scrutiny of other cells for 

the same type of coloring was negative. Th» f i r s t  gran

ules formed seemed tD have this reddish color and formed 

in the area of this cytoplasm. The animal showed a loss 

of azurophiles with time and no great number of small 

lymphs appeared at any time, from one hour to the end 

o f the time problem. I t  could be described as starting 

at the stage of change seen in  experiment V III at the 

two hour and forty minute mark.
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EXPERIMENT X
A normal 3.6.97 kilogram female, rab

bit; was used to show the effects o f age; upon, the re 

sponses of the rabbit to urethan. The rabbit was in 

ducted with. 11 mis o f 20  ̂ urethan in the marginal ear 

vein. A control slide was taken before anesthesia and 

five slides were taken from the ear over an hour and 

f i fty  five  minute interval. The slides were stained 

and d iffe ren tia ls  were performed while a ll  deviations 

from the normal s lide morphology was recorded.

Ten minutes after the rabbit had 

been urethaned tha mid-line incision from the xiphoid 

process caudally for five  centimeters was performed. 

Blood slides were taken from the in ferior vena cava 

and compared to the: d ifferentia ls  for the ear puncture. 

The results were inconclusive due to poor staining. The 

results of the ear puncture are given, however.

The elements showing a change of 

morphology in this older rabbit are the neutrophiles. 

The severe drop of the neutrophile count before tha 

operational procedure was concomitant with a large in

crease in the basket ce lls.

The animal went on later to pro

duce, a neutrophilia, with the appearance of many psuedo 

eosinophiles.
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TIME LAPSE 0 10 30 60 95 115

SUDE NUMBER 19 20 21 23 25 27

nongranulate 33 35 34 35 25 15

neutrophiles 61 28 53 46 72 73

azurophiles 3 6 3 1

pseudoeosins 3 15 2 12

basket cells 3 : 37
i

2
i---------

£ 0
■»■■i....— , r Jl



72

DISCUSSION

The: importance o f  concentration o f 

urethan in  atta in ing a given re su lt , e ith er an ti-m ito tic  

or m itosis acce lera tion , has been covered in  the f i r s t  

part o f  th is  th es is . Thai d i f f ic u l t ie s  encountered in  the 

adm inistration o f  low , an ti-m ito tic  doses o f  urethan are 

shown in  the: cap illa ry  perm eability changes performed by 

cutaneous in je c t io n  o f  a rabb it. The experiments done 

here, have shown the to ta l involvement o f normal tissue 

due: to the high a b il i t y  o f urethan to extravásate.

I f  low concentrations o f  urethan are 

to be administered with a minimum o f  involvement o f  nor

mal tissuee, the f i r s t  procedure would be to prevent i t s  

extravasation from the vascular channels. This was done 

in  experiment V I  by the usa o f  adrenosem s a lic y la te . The 

cap illa ry  perm eability did not increase and the In je c t 

ed urethan remained lo c a l.

I t  is  not yet known whether the low 

concentration o f urethan w i l l  continue to act a n ti-  m it- 

o t ic a l ly  when the c a p illa r ie s  are blocked, since i t  was 

f i r s t  necessary to do the blocking.

The elements o f  the blood that w i l l  

be a ffec ted  by the low concentration urethan have to be 

studied. A f i r s t  th ing to be done was the descrip tion  

o f  which, elements were disturbed by unimpeded doses o f
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urethan. I t  was established, that age has an e f fe c t  upon 

the particu lar response that may be expected in. a norm

al rabbit* The description  o f  white blood c e l l  changes 

under urethan anesthesia, doses o f  one gram per kilogram 

o f oody weight, has been done in  th is  thesis*

The future o f th is  work w i l l  be to 

estab lish  the e ffe c ts  o f  urethan upon the two blood c e l l  

l in e s ,  myelogenous, lymphatic;, both or n e ith er, when i t  

is  administered in  chron ic doses w ith the cap illa ry  

perm eability increase blocked.

I t  is  not known how long th is  block 

must be maintained, to insure the resu lts  desired. This 

th es is , however, has shown a way, to use low concentra

tions o f  urethan in  v iv o , so that the physiology o f  the 

animal w i l l  not cause an uneven d is tribu tion  o f  the ad

m inistered dose making i t  more con tro llab le*

This blocking method o f  administra

tion  o f  urethan may exclude it :  completely from the lym

phatic  germinal centers, so that much work must be done 

before th e  in  v ivo  control o f  concentration can be evalu

ated, but in  v it r o  findings are encouraging.
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SUMMARY

A method o f detecting minute increas

es o f  ca p illa ry  perm eability by dyeing the plasma with 

a v i t a l  dye was used in  the experimental procedures upon 

rabb its. A ll untreated animals showed the increased cap

i l la r y  permeabilty caused by intradermal in je c t io n  o f  

various concentrations o f  urethan.

Animals treated  with phenergan show 

only a lessen ing in  the amount o f  plasma extravasated 

and complete blocking was not attained.

Animals treated  with adrenosem sa l

ic y la te  show that one hour pre-medication is  le ss  e f fe c 

t iv e  than twenty four hour pre-medication fo r  the hypo

ton ic in je c tio n s . The twenty four hour pre-medication 

shows a complete blocking o f  changes in  cap illa ry  perm

e a b ility  due to urethan in  hypotonic concentrations, and 

a lo c a liz a t io n  o f the In jected  m aterial.

These findings show the fe a s ib i l i t y  

o f  studying the e ffe c ts  o f  concentration in  v ivo  o f  th is  

drug, urethan.

The e ffe c ts  o f  anesthetic doses o f 

urethan have been shown to e f fe c t  prim arily the lymph

a t ic  elements o f  tne young ra b o it , w h ile  the main e r fe c t  

Is  shown In  the myelogenic elements In  the o lder rabb it.

This prelim inary work was done to
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allow in vI to studies of the effects of concentration 

o f urethan upon the two white blood cell series, while 

a minimum of normal tissue is  involved and greatly re

duced concentrations can be used because i t  appears 

to be possible to prevent loss through the capillaries  

into normal tissue. This process may exclude i t  from the 

lymphatics but further tests alone can t e ll .
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