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CHAPTER I 

INTRODUCTION 

The primary objective of the search for effective can-

cer chemotherapeutic agents is to demonstrate a selective 

and specific attack upon neoplasms. In the search for these 

agents, thousands of synthetic and naturally occurring sub-

stances have been tested, using a variety of established 

tumor and cell lines. Both _in vivo and _in vitro studies 

have been carried out. Through standardized methods of 

screening these substances, a few were found to inhibit 

tumor growth, cause remission of neoplasms, and even achieve 

apparent cures in some cases. 

Most agents exhibiting therepeutic response are limited 

in their use because of the toxic effects produced on normal 

body tissues. Also, neoplastic cells may develop resistance 

to the agent, which further limits its application. 

Following the discovery and successful application of 

some of these agents in the control of certain neoplastic 

proliferations, it was found that additional effects could 

be achieved in certain tumor lines when combinations of two 

therapeutics were used (17)- Soon to follow this approach 
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in cancer chemotherapy was the combination of three or even 

four of these agents in serial or simultaneous administra-

tion (18, 19). 

The concept of therapeutic synergism and the evaluation 

of drug combinations in the treatment of neoplastic tissue 

has been reviewed by Goldin and Mantel (17)- This concept 

is based on the greater effectiveness of drug combinations 

when compared to the effects achieved in individual drug 

therapy. It has also been stressed that there is no unique 

definition of what constitutes an active combination (17)-

Furthermore, it has been shown that by varying the ratio of 

drug combinations a variety of results could be obtained 

(38). 

In 1968, it was reported that a combination of dimethyl 

sulfoxide and hematoxylin produced favorable chemotherapeutic 

effects upon several types of neoplasms in animals and man 

(53)- The only reported studies utilizing this combination 

of agents showed the gross effects on experimental animals 

and in some clinical cases. 

The following discussion relates the general properties 

of dimethyl sulfoxide and hematoxylin, including some of 

their applications to biological systems. 



Dimethyl Sulfoxide 

Dimethyl sulfoxide (DMSO), a compound derived princi-

pally from wood pulp in paper manufacture, has generated 

much interest during the past decade in the investigation of 

its uses and application in organic chemistry, biological 

systems, and pharmaceutical therapeutics. It is an unusual 

solvent because of its physiochemical properties. It can 

be mixed in any proportion with water. It is a dipolar, 

aprotic substance, and its solvent characteristics, physical 

and chemical properties, and chemical reactivity have been 

reviewed (41). 

The first major biological application of dimethyl 

sulfoxide was reported by Lovelock and Bishop (35) in 1959# 

when it was found that bovine spermatozoa were protected 

from freezing and thawing damages. Subsequent investigations 

revealed that dimethyl sulfoxide was an excellent cryopro-

tective agent for a variety of mammalian cells as well as 

other types of cells. Bovine red blood cells exhibited 

hemolysis when frozen and thawed in solutions containing gly-

cerol. However, when DMSO was used as a cryoprotective 

agent, hemolysis of the cells was prevented. In most in-

stances, dimethyl sulfoxide was found superior to glycerol 

for low-temperature preservation of biological material. 



Ashwood-Smith (3) concluded that the ease with which DMSO 

penetrated membranes and its low degree of osmotic shock 

associated with the addition or removal of the compound from 

cell suspensions or tissue, contributed to its cryoprotective 

property. 

Recent studies on permeation kinetics of dimethyl 

sulfoxide and glycerol in tumor cells showed that dimethyl 

sulfoxide reached equilibrium in the cells in approximately 

ninety seconds at 37 C, while glycerol required fifteen to 

twenty minutes to equilibrate. At 4 C dimethyl sulfoxide 

required ten minutes to reach equilibrium in the cells, 

while glycerol had penetrated to only a slight degree after 

ten minutes (7). 

Dimethyl sulfoxide has also been shown to offer pro-

tection to cells against X-irradiation (3)- Vos _et a_l. (56) 

suggested that dimethyl sulfoxide, glycerol, and several 

other similar compounds exhibit radio-protective effects by 

replacing bound water in the "water cloud" surrounding target 

molecules. It remains speculative if the damages incurred 

by freezing and thawing, and X-irradiation are similar on 

target molecules and if the protection offered by these sub-

stances is the same in both instances. 

The pharmacological and toxicological properties of 



dimethyl sulfoxide have been reviewed (23/ 27* 28* 31). It 

has been established that this substance is exceptionally 

non-toxic in various modes of administration to laboratory 

animals (8, 10, 22, 45/ 49/ 57). Rosenkrantz et al. (45) 

have established the acute median lethal doses for mice as 

follows: oral administration - 21,400 mg/kg; intravenous in-

jection- 820 mg/kgj and subcutaneous injection - 20,500 

rag/kg. Similar studies have been described for other 

animals (49). It has been established that on a dose-weight 

basis there is a wide variation in response of laboratory 

animals. 

The metabolic effects and metabolism of dimethyl sul-

foxide in laboratory animals and man have been investigated 

(11, 12, 16, 29). Following the cutaneous and intravenous 

administration of 35S-labeled dimethyl sulfoxide to normal 

persons and rats, it was found that the urine contained DMSO 

and dimethyl sulfone (DMS02). Following the intravenous 

injection of dimethyl sulfoxide in rats, 50 per cent of the 

dose was eliminated in the urine within six hours and 80 per 

cent was eliminated within twenty-four hours (29). Similar 

results were obtained when 90 per cent DMSO was applied 

cutaneously. After cutaneous application in man, one-half 

of the dose was eliminated within fourteen days. The same 



amount was eliminated in eight days following intravenous 

administration. In all instances, regardless of the mode 

of administration, small amounts of the substance were 

reduced to dimethyl sulfide (DMS) and eliminated in 

respiration. Dimethyl sulfide has a sweet garlic odor 

and was easily detected. Denko et jal. (11) have reported 

the accumulation and retention of DMSO in various tissues 

of animals. In soft tissues, higher accumulations with 

a shorter half-life of retention were exhibited when 

compared to cartilage and bone, which revealed lower 

accumulations, but were characterized by a longer retention 

of the compound. 

With the introduction of DMSO as a topical therapeutic 

agent by Jacob _et al. (21) in 1964, many studies have been 

undertaken to establish and evaluate its therapeutic appli-

cation in clinical medicine. Because of the extent of 

these investigations, the reader is referred to the recent 

article by Jacob_et al. (23) for additional information. 

The most important property of dimethyl sulfoxide 

relative to biological application is its ability to rapidly 

penetrate cell membranes. It has been clearly established 

that this compound enhances the penetration of various sub-

stances across biological membranes and barriers (2, 6, 9, 



13/ 21, 26/ 27i 33). Djan (13) reported a significant 

response by immature female rats when cortisone acetate and 

17-B-estradiol were administered. Amstey (2) described an 

enhanced infectivity of Polio virus ribonucleic acid in 

monkey kidney tissue culture cells when treated with 

concentrations of DMSO ranging from five to eighty per cent. 

Significant increases in the control of peach spot were 

obtained when DMSO was used in conjunction with oxytetra-

cycline (26). Iron deficiencies in citrus trees were 

alleviated when iron and DMSO were applied to the leaves 

by spraying (33) • Berry and Dietz (6) have reported the 

destruction of chromosomes in Chironomid salivary gland 

cells by facilitating the transport of DNAse across cell 

membranes and into the nuclei without disruption of the cell 

membranes or cellular components. In all cases it was 

found that the enhancement of penetration of the substances 

was reversible when DMSO was removed from the system. 

Hematoxylin 

Hematoxylin (C^H^gOg * 3HgO), a naturally occurring 

substance, is derived from the logwood tree, Haematoxylon 

campechianum (14). The leguminous tree commonly known as 

"blood wood" is a native species of the east coast of 
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Central America and Southern Mexico. Hematoxylin is not a 

dye, but is is easily oxidized to hematein, a. substance which 

possesses staining properties. Hematein is a very weak stain 

and has little application in microtechnique unless combined 

with salts of aluminum, iron, or other metals. The metal 

salts act as mordants, thereby forming a color base which 

contributes to the ability of hematein to stain cellular 

material (24). The oxidation of hematoxylin to hematein 

proceeds slowly in the presence of atmospheric oxygen, or it 

can be rapidly accelerated by addition of oxidizing agents. 

In either case the oxidation is referred to as "ripening" 

(15). The color of the solution depends on the degree of 

oxidation. A low degree of oxidation in a solution is char-

acterized by a blue color, while higher states of oxidation 

turn the solution to dark shades of brown (24). 

Hematoxylin is one of the most important and most fre-

quently used dyes in cytological microtechnique. It was 

first employed as a tissue stain by Bohmer in 1865/ when he 

reported that a deep blue nuclear stain could be obtained 

when mixtures of hematoxylin and alum were used (24). In 

more recent years, a number of mixtures of metal salts and 

hematoxylin have been described as suitable for tissue and 

staining techniques (14, 15, 24). 



In contrast to most other dyes which are either cationic 

or anionic, hematein is amphoteric (24). It is cationic below 

pH 6.6 and anionic above. The possession of charged phos-

phoric groups by deoxyribonucleic acid (DNA), ribonucleic 

acid (RNA), and phospholipids allows them to be easily stained 

by hematein. Such substances are commonly designated as 

basophilic cellular components. In tissue sections, baso-

philic objects such as chromatin display a light blue to 

dark blue coloration. Acidophilic substances characteristic 

of the cytoplasm are stained light pink. Under ordinary 

conditions, the acidophilic staining of cytological compon-

ents is not sufficient for optimum visualization, and 

counter-staining with eosin or other acidophilic dyes is 

generally employed to accentuate the differentiation. 

During the past two decades, numerous substances have 

been tested for anti-neoplastic properties. A few of these 

compounds exhibited carcinostatic effects when tested on a 

variety of neoplastic growths. Comprehensive reviews con-

cerning the chemotherapeutic effects, pharmacology, mechanism 

of action, clinical application, and other considerations of 

the more important anti-tumor agents have recently appeared 

(40, 50). 

In an effort to prevent repetition in the testing of 
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compounds for their effectiveness, or lack of it, against 

cancer, and to establish a standard basis of testing to fur-

ther facilitate these studies, the National Cancer Chemo-

therapy Screening Service was established in 1953 ( 5 0 ) . 

Since that time, thousands of compounds, both natural and 

synthetic, have been tested in this program for their anti-

neoplastic effects. 

Hematoxylin was first tested on Sarcoma 180 in I960 

( 51)• Although the information was limited, anti-neoplastic 

effects were not exhibited in the initial screening. In 

1961, hematoxylin was tested on Carcinoma 755 (Mammary 

Adenocarcinoma) and Leukemia 1210, without effect (52). In 

both instances hematoxylin was dissolved in carboxymethyl-

cellulose ( 0 - 5 P e r cent) and administered once or twice a 

day by intraperitoneal injection in doses of 125 t o 500 

mg/kg of body weight in mice. 

In the search for an _in vivo stain for neoplastic cells 

in small animals, Tucker (53) found that hematoxylin dis-

solved in dimethyl sulfoxide had a specific affinity for 

cancerous tissues, while normal body tissues were not 

stained. In some of the treated cases, a central necrosis 

of the neoplastic growth occurred. in a series of studies 

which followed this observation, carcinostatic effects were 
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obtained when various types of neoplastic growths were 

treated wtih this combination of substances. 

The therapeutic combination was prepared by dissolving 

25 gm of hematoxylin in 75 of dimethyl sulfoxide. The 

solution was administered to dogs in doses of approximately 

1 ml per 12 pounds body weight, by intravenous injection in 

5 per cent dextrose in saline at forty-eight-hour intervals. 

Corresponding increases or decreases of doses were made in 

accordance to the body weight in other animals. 

Dogs were first used for acute toxicity studies (55)• 

During the two month period of treatment at two-day inter-

vals, blood counts, hemoglobin, hematocrit, blood urea nitro-

gen, and urine analyses were made at regular intervals. No 

changes were noted except for coloration of the urine 

resulting from excretion of hematein. Autopsies of the test 

animals at the end of the test period revealed no abnormal-

ities in the normal tissues. When dimethyl sulfoxide was 

administered without hematoxylin, acute respiratory failure 

occurred. Subsequent studies revealed that rats could 

tolerate four times as much dimethyl sulfoxide containing 

hematoxylin as dimethyl sulfoxide alone (53)-

In November, 1965* the Food and Drug Administration 

suspended clinical testing of dimethyl sulfoxide. In order 
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to continue clinical studies using dimethyl sulfoxide and 

hematoxylin after establishing its effectiveness as a neo-

plastic therapeutic in animals, arrangements were made to 

use the combination of agents as a clinical therapeutic in 

Panama ( 53 ) . 

In thirty-seven pre-terminal clinical cases of an 

assortment of neoplasms which were treated with DMSO and 

hematoxylin, 70-5 Pe^ cent of the patients showed improve-

ment (55)- It must also be noted that this combination of 

agents was used in conjunction with radiation, surgery, 

5-fluro-uracil, Methotrexate, and Thiotepa treatment- When 

the latter methods or compounds were used without adminis-

tration of hematoxylin in dimethyl sulfoxides, only 5*^ Pe^ 

cent of the cases showed improvement. 

The Department of Health, Education, and Welfare 

granted the resumption of clinical application of dimethyl 

sulfoxide and hematoxylin in certain types of neoplasms on 

a limited basis in July, 1969» and studies are currently in 

progress at Baptist Memorial Hospital, Houston, Texas (5*0 • 

The potential therapeutic application of dimethyl sul-

foxide and hematoxylin has been demonstrated in animals and 

man (53) . Investigations concerning the cellular response 

of tumor tissue to treatment with dimethyl sulfoxide and 
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hematoxylin have not been reported. To establish the re-

sponse of neoplastic tissue and cells to this combination of 

agents, this study was undertaken to determine the effects 

of dimethyl sulfoxide and hematoxylin on a transplantable 

lymphosarcoma in mice. 



CHAPTER II 

MATERIALS AND METHODS 

DBA/lJ pure line male or female mice obtained from the 

Jackson Memorial Laboratories, Bar Harbor, Maine, were used 

to maintain the transplantable lymphosarcoma tumor used in 

this study. In 1967/ the original tumor was induced in this 

strain of mice by cutaneous application of methylcholanth-

rene dissolved in benzene (48). The tumor line has been 

maintained by subcutaneous transplantation of a small piece 

of tumor (2 to 3 mm in diameter) obtained from a tumor-

bearing mouse one or two days before death. Mice six to 

twelve weeks old were used for maintaining the tumor line, 

which has been transplanted eighty-three times. The mean 

survival time of the tumor-bearing mouse was approximately 

eleven days. 

Dimethyl sulfoxide (Matheson, Coleman, and Bell) was 

diluted to 90 per cent with distilled water and used as the 

solvent in which Hematoxylin (Fisher Scientific Company) was 

dissolved to form the combination chemotherapeutic used in 

this study. Stock solutions of 10 ml of 90 per cent dimethyl 

sulfoxide containing 100, 250, 4-00, and 600 mg of hematoxylin 

14 
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were prepared at the beginning of each test period and dis-

carded when the experiment was terminated five days later. 

All doses administered to mice were in 0-2-ml quantities of 

90 per cent dimethyl sulfoxide containing 2, 8/ or 12 mg 

of hematoxylin. The doses of dimethyl sulfoxide and hema-

toxylin were comparable to the amounts of these compounds 

administered in previous studies in which the compounds were 

used individually, but not in combination (52/ ^5/ 51)- The 

combinations used in this study have not been previously 

reported. The combinations of dimethyl sulfoxide and hema-

toxylin used in this study were initially administered to 

mice by forced oral feeding, subcutaneous injection/ or 

intraperitoneal injection. After examination of all mice in 

the first major group (See Table i) it was determined that 

under the existing conditions, intraperitoneal administration 

was the most effective method, and that treatment of mice in 

the succeeding three major groups of experimental animals 

would be only by that method. 

Treatment with the dimethyl sulfoxide-hematoxylin com-

bination was initiated on mice with five-day tumors and 

administered at twenty-four-hour intervals for five success-

ive days. On the sixth day after initiation of treatment, 

the mice were sacrificed by cervical dislocation and 



TABLE I 

EXPERIMENTAL AND CONTROL MICE USED DURING THE 
STUDY OF CELLULAR EFFECTS OF HEMATOXYLIN 

DISSOLVED IN DIMETHYL SULFOXIDE 
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autopsied. 

In addition to the treated mice, three different con-

trol groups were used: (l) non-treated tumor-bearing mice, 

(2) mice receiving 0-2 ml of 90 per cent dimethyl sulfoxide 

once a day for five days, (3) mice receiving 5 ox 12 mg of 

hematoxylin dissolved in physiological saline (0.89 per cent 

sodium chloride in distilled water) daily, for five days. 

In order to dissolve the hematoxylin in the saline, the 

solution containing the compound was heated in a water bath 

and gently agitated until dissolved. 

During the investigation, four major groups of experi-

mental mice consisting of a total of seventy-eight animals 

were used. Of this number, fifty-two were examined by means 

of using tissue specimens prepared for light and electron 

microscope studies. The number of mice in each control and 

experimental group is shown in Table I. 

Experimental Group I consisted of thirty-one mice, of 

which both interior and peripheral tumor tissues obtained 

from twenty-eight of the animals were examined. Experimental 

and control mice within a major group consisted of two to 

four animals. Larger groups were not used because of the 

amount of time required for the preparation of specimens 

and examination of tissues by light and electron microscope 



18 

technique. All tissue specimens obtained from a major 

group of mice were examined before experimentation and exam-

ination of the next major group of mice -was initiated. 

When mice were sacrificed, tissues for light and 

electron microscope studies were immediately fixed in 5 pe*" 

cent glutaraldehyde (j. T. Baker Chemical Company) in 0.1 M 

cacodylate (Fisher Scientific Company) buffer (pH 7*25) a^d 

placed in a refrigerator for one hour (46). Following the 

glutaraldehyde fixation, the specimens were rinsed twice 

(five minutes each).in 0.1 M cacodyleate buffer (pH 7-25) a^d 

post-fixed for two hours in 1.5 P e r cent osmium tetroxide 

(Fisher Scientific Company) in 0.1 M cacodylate buffer (pH 

7-25) at 10 C. After osmium fixation, the specimens were 

rinsed twice (five minutes each) in 0.1 M cacodylate buffer 

(pH 7.25), dehydrated in alcohol (j50, 50, 70, 95, and 100 per 

cent), and embedded in Epon (J>6). Polymerization of the 

resin containing the specimens was carried out in a dry-heat 

oven at 60 C for two days. 

Thin sections reflecting silver to silver-gray inter-

ference colors (600 to 800 A thick) were prepared with a 

Porter-Blum MT-2 Ultramicrotome equipped with a diamond 

knife. The thin sections were collected on 200-mesh copper 

grids, stained in saturated uranyl acetate in 50 per cent 
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alcohol for one hour, counter-stained in lead tartrate (39) 

for ten minutes, and then coated with a thin layer of carbon 

O 

approximately 50 A thick in a Mikros Vacuum Evaporator. The 

specimens were examined in an RCA. 3-G Electron Microscope 

operating at 50 Kv and using a 45-micron objective aperture. 

Thick sections of approximately 0-75 micron were ob-

tained from the same specimens from which the thin sections 

were cut. The purpose of this procedure was to permit the 

examination of adjacent sections of tissue and cells in both 

the light and electron microscope. The thick sections were 

individually removed from the water surface of the knife by 

means of a single-bristle brush, and floated onto a drop of 

water on a clean glass microscope slide. Several sections 

were collected in^this manner; then the water was evaporated 

by placing the slide on a hot plate. The sections were 

stained for thirty seconds with Toluidine Blue 0 (Fisher 

Scientific Company), rinsed in distilled water, dried, and 

examined with a light microscope. 

Precautionary measures were taken to prevent the mis-

interpretation of artifacts in treated specimens as effects 

resulting from treatment. Each time treated tissues were 

prepared for light and electron microscope studies, control 

specimens were processed simultaneously. Abnormalities 
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were not observed in the non-treated tumor tissues which 

could be attributed to improper fixation or embedding. On 

this basis, it was concluded that cellular alterations 

exhibited by treated tumor tissues were not artifacts, but 

were induced as a result of treatment with hematoxylin dis-

solved in dimethyl sulfoxide. 



CHAPTER III 

RESULTS 

Control Studies 

lion-treated control tumor—The transplantable lympho-

sarcoma used in these studies exhibits an exceptionally 

rapid proliferation of neoplastic growth, with the mean sur-

vival time of the tumor-bearing mouse being approximately 

eleven days. Upon transplantation of a small portion of the 

tumor (2 to 5 ram in diameter) to an isologous host, it has 

been shown that the implanted tumor does not continue to 

grow, but degenerates (l). This degeneration of the sub-

cutaneous tumor tissue occurred over a period of several 

days, and during that time there was apparently an induced 

transformation of host cells, which developed into new, 

rapidly proliferating tumor cells to form the subcutaneous 

lymphosarcoma. A typical example of an eleven-day tumor 

is depicted in Fig. 1. The mouse was sacrificed only a 

matter of hours before death would have occured as a result 

of the presence of the tumor. When tumors such as this were 

dissected open, the center of the tumor mass appeared 

21 
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Fig. 1--An example of a non-treated tumor-bearing 
mouse with an eleven-day tumor. 

Fig. 2 A thick section of untreated tumor tissue from 
a mouse with an eleven-day tumor. X 00-
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healthy and was characterized by the typical white color of 

rapidly growing tumor tissue. Necrotic tumor tissue has not 

been observed during the growth of the lymphosarcoma. 

The characteristic cellular morphology of the normal 

untreated lymphosarcoma is seen in the micrograph of a thick 

section, in Fig. 2. The cells appear very pleomorphic and 

display no ordered arrangement. Nuceli appear very irregular 

and lobed, and exhibit a multiplicity of configurations. 

Most nuclei were characterized by a prominent, densely 

stained nucleolus and an abundance of peripheral chromatin. 

The cells were closely assiciated with each other and extra-

cellular spaces were small and infrequent in the tissue. 

The cellular features of the normal tumor appear more 

clearly defined in the electron micrograph of a thin section 

of tumor tissue shown in Fig. J. All cellular components 

were well preserved and membrane systems displayed a high 

degree of definition which was characteristic of healthy 

tumor tissue. The cytoplasm was predominantly filled with 

polyribosome aggregates. Endoplasmic reticulum was present, 

but not abundant, and the mitochondria were unevenly dis-

tributed in the cytoplasm. Cells with features such as 

these were characteristic of the interior region of the 

tumor as well as the exterior portion of the tumor. A 
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Fig. 3-~An electron micrograph of untreated tumor 
tissue. Note the peripheral chromatin of the nuclei and 
the close contact of cell membranes with each other. 
X 6,250-
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slightly higher magnification of a thin section of tumor 

tissue showing a portion of several cells and nuclei is 

seen in Fig. 4. The features exhibited by the nucleus in 

the center of the electron micrograph were representative of 

the typical untreated tumor cell. 

P 
mmm 

m 

• 

Fig. 4—An electron micrograph showing a portion of the 
nucleus and cytoplasm of an untreated tumor cell. All mem-
brane systems are very distinct and there is an abundance of 
polyribosome aggregates evenly distributed in the cytoplasm. 
X 17,000. 
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Dimethyl sulfoxide control—Mice receiving 0.2 ml of 

90 per cent dimethyl sulfoxide by subcutaneous injection 

during the five-day test period showed no abnormal effects. 

This dose (approximately 500 mg/kg body weight) represents 

approximately one—half of the median lethal dose reported by 

Roserikrantz et _al. (45). Tumor tissue, as shown in the 

micrograph of a thick section in Fig. 5/ which was taken 

from a mouse at the end of the test period, appeared normal 

and showed no morphological or cellular differences when 

compared with non-treated control tumor. Electron 
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pig. 5__Micrograph of tumor tissue from a mouse treated 
for five days with 0.2 ml of 90 per cent dimethyl sulfoxide. 
The tissue appears similar to that of non-treated tumor 
tissue. X 400. 
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microscope examination of the tumor revealed the typical 

cellular features exhibited by non-treated tumor tissue. 

An example of the general ultrastructural features of tumor 

tissues from a mouse treated with dimethyl sulfoxide is seen 

in Fig. 6. 

- # > 
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Fig. 6—An electron micrograph of a thin section of 
tumor tissue from a mouse receiving 0.2 ml of 90 per cent 
dimethyl sulfoxide for five days. X 6,250. 

Hematoxylin Control—According to procedures set forth 

by the National Cancer Chemotherapy Screening Service (51), 

the dose-rate of a test compound is set at approximately 



28 

one-third to one-fourth the single dose LD-50. In those 

instances in which hematoxylin was tested as an anti-tumor 

agent/ it was adminstered at a rate of 100-500 mg/kg/day. 

Fig. 7—Micrograph of tumor tissue from a mouse treated 
with 8 mg of hematoxylin in saline for five days* X 400. 

For mice weighing an average of twenty grams, this rate was 

equivalent to 2 to 10 mg of hematoxylin per mouse, per day. 

In this study mice received 5 or 12 mg of hematoxylin dis-

solved in 0-89 per cent sodium chloride for five days, 

beginning with a five-day tumor-bearing mouse. 

Mice receiving intraperitoneal injections of hematoxylin 

dissolved in saline exhibited no visible adverse effects. 



29 

Examination of tumor tissue from mice treated by intra-

peritoneal injection of hematoxylin in saline showed no 

recognizable alterations of cellular morphology. The gen-

eral appearance of the tissue as seen in the micrograph of 

a thick section in Fig. 7 exhibits much similarity to normal 

tumor (Fig. 2) and dimethyl sulfoxide-treated control tumor 

(Fig. 5). A low-magnification electron micrograph repre-

sentative of hematoxylin-treated control tumor is shown in 

Fig. 8. The even confluency and dense staining of the 

m mm 

-Fig. 8—An electron micrograph of tumor tissue treated 
with 12 mg of hematoxylin is saline for five days. X 6,250. 
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nuclei were observed in both interior and peripheral 

portions of the tumor. 

Experimental Studies 

The administration of 0.2 ml of 90 per cent dimethyl 

sulfoxide containing 2, 5/ and 12 mg of hematoxylin was 

initiated on mice with five-day tumors and carried out daily 

for five days. None of the mice developed symptoms indica-

tive of a toxic response. The dose of hematoxylin admin-

istered to mice in this investigation was similar to those 

previously used in tests as an anti-cancer agent on several 

neoplasms in the Cancer Chemotherapy Screening Program (]52 ), 

and was well under the median lethal dose. The tolerance 

for dimethyl sulfoxide has been established for mice (^5), 

and Tucker (53) has established dose-rates of the combination 

of dimethyl sulfoxide and hematoxylin for various animals, as 

well as successful application in clinical cases. 

Intraperitoneal administration of the combination of 

dimethyl sulfoxide and hematoxylin produced noticeable 

effects upon the tumor in the test mice, while similar, but 

less extensive effects were observed in tumors of mice 

receiving the same amount of the therapeutic combination 

by forced oral feeding. Because of the reduced effectiveness 
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of the oral administration of the agents, this method of 

treatment was discontinued. No obvious differences were 

noted in the effectiveness of the agents when tumor tissues 

from mice treated by intraperitoneal injection were compared 

to those tissues from mice receiving the same dose of the 

combination of agents by subcutaneous injection. 

The following micrographs are representative of some 

of the visible cellular responses of tumor tissue to treat-

ment of the lymphosarcoma with hematoxylin dissolved in 

dimethyl sulfoxide. Obvious differences were noted when 

tumor tissues treated with 2, 5/ 8, and 12 mg of hematoxylin 

were compared. In this tumor system, it was possible to 

observe a series of cellular responses and alterations 

ranging from a slight alteration of tumor cell morphology 

in mice treated with 2 mg of hematoxylin in dimethyl sul-

foxide to complete cell destruction in tumors of mice 

receiving 12 mg of hematoxylin in dimethyl sulfoxide. 

Examination of tumor tissue taken from the interior of 

the tumor mass revealed that cellular changes had occurred, 

while tissue dissected from the periphery of the neoplasm 

exhibited little or no distinguishable morphological features 

different from those observed in the control tumors. This 

phenomenon was characteristic of all the treated tumors 
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regardless of the dose of hematoxylin in dimethyl sulfoxide 

which was administered. 

The tissue shown in the micrograph in Fig. 9 was from 

the interior portion of a tumor from a mouse treated with 

2 mg of hematoxylin in dimethyl sulfoxide. The cells had 

, % .• 

Fig. 9--Micrograph of interior tumor tissue from a 
mouse treated for five days with 2 mg of hematoxylin in 
dimethyl sulfoxide. X 400. 

separated from each other and the nuclei were characterized 

by the absence of prominent nucleoli and peripheral chro-

matin. No alterations of cytoplasmic consistency were 
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observed. In Fig. 10/ the degree of cell separation is 

clearly indicated. The tissues shown in the micrographs in 

both Fig. 9 and Fig. 10 were obtained from the same specimen. 

The nuclei appeared abnormal because of the absence of the 

dense peripheral chromatin* When the outer region of the 

same tumor was examined, the tissue morphology was more 

comparable to that of normal control tumor than to altered 

tumor cells such as those seen in the electron micrograph 

mm 

mm 

Fig. 10—An electron micrograph of tumor tissue from 
the center of the tumor. The mouse was treated with 2 mg of 
hematoxylin in dimethyl, sulfoxide for five days. There is 
an absence of peripheral dense-staining chromatin in the 
nuclei. X 6,250. 
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of Fig. 10. The cells depicted in the electron micrograph 

of Fig. 11 were representative of normal-appearing treated 

tumor tissue of the peripheral region of the tumor mass. 

Tumor tissue from mice treated with 5 mg o f hematoxylin 

in dimethyl sulfoxide showed much similarity to tumor 

tissue from mice which were treated with 2 mg of hematoxylin 

in dimethyl sulfoxide. The amount of tissue altered in the 

tumor appeared to be increased in the mice treated with 5 mg 

$ 

Fig. 11—An electron micrograph of tumor cells obtained 
from the outer region of a tumor treated with 2 mg of hema-
toxylin in dimethyl sulfoxide for five days. Degenerative 
changes can not be observed. X 6,250. 
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of hematoxylin in dimethyl sulfoxide. Figure 12 is a micro-

graph of a thick section of interior tumor tissue exhibiting 

pronounced cell separation in which leukocytes had infil-

trated. This type of infiltration was not characteristic of 

untreated tumor. The presence of phagocytic cells in large 

numbers, as shown in Fig. 12, indicates cellular deterior-

ation of the tumor. Nucleoli were smaller and less prom-

inent in the altered portion of the tumor tissue." 

Fig 12--A micrograph of interior tumor tissue from a 
mouse treated with 5 mg of hematoxylin in dimethyl sulfoxide 
showing infiltration of phagocytic cells. X 400. 

The cells shown in Fig. 15 were characteristic of 

interior tumor tissue from a mouse receiving 5 ̂ g of 
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hematoxylin in dimethyl sulfoxide. The thin section of the 

tumor cells shown in the electron micrograph of Fig.13 was 

obtained from the specimen used to prepare the thick section 

shown in Fig. 12. A portion of one of the phagocytic cells 

can be seen in the upper left corner. 

m 
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Fig0 13— An electron micrograph of interior tumor 
tissue from a mouse treated with 5 ̂ 3 of hematoxylin in di-
methyl sulfoxide for five days. X 6,250. 

In mice receiving doses of 8 or 12 mg of hematoxylin 

in dimethyl sulfoxide, some regions of peripheral tumor 

tissue exhibited alterations similar to those observed in 
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the central portion of the tumor. These changes, however, 

were not as obvious in the peripheral tumor tissue, which was 

an indication that tissue and cellular degeneration was 

initiated in the interior tumor region and spread toward the 

exterior region of the tumor. The cells, as shown in Fig. 

14, were characteristic of tissue from the outer portion of 

»i „ . 
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Fig. 14—An electron micrograph of peripheral tumor 
cells from a mouse treated with 8 mg of hematoxylin in 
dimethyl sulfoxide for five days. X 6,250. 

the tumor in which the confluency of the tumor cells was 

still in evidence, but the nuclear staining was no longer 
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as dense as that of non-treated tumor tissue. 

The most pronounced effects of tumor cell response were 

observed in mice treated with 12 mg of hematoxylin in dimeth-

yl sulfoxide for five days. In addition to cellular changes 

• • • • 
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Fig. 15--Micrograph of a thick section of highly 
altered peripheral tumor tissue from a mouse treated with 
12 mg of hematoxylin in dimethyl sulfoxide for five days. 
Note the separation of the cells. X 400. 

resulting from administration of the agents, the size of the 

tumor was reduced by approximately one-third its normal size. 

Some of the mice in this test group were not sacrificed at 

the end of the test period and lived an average of fourteen 

days after receiving the tumor implant. Treatment of mice 
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with the therapeutic combination contributed to reduction 

in the size of the tumor, which was subsequently believed the 

principal factor in prolonging the life of eleven mice for 

three days over the normal average. 

m 

5 

Fig. 16--An electron micrograph of tumor tissue from 
a mouse treated with 12 mg of hematoxylin in dimethyl 
sulfoxide for five days. X 6,250. 

Examination of the peripheral tumor tissue revealed 

that both normal and altered cell areas were present. The 

tissue, shown in the electron micrograph of Fig. 15/ was 

characterized by cells which were almost completely 
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separated from each other and exhibited little or no con-

fluency. The light staining exhibited by nuclei indicated 

the absence of chromatin, which was characteristic of non-

treated tumor cells. In general, the entire aspect of cell-

ular morphology was abnormal. In the electron micrograph in 

Fig. l6, which was obtained from a thin section of the 

exterior region of the tumor, several of the cells contain 

large lipid globules which were rarely observed in the 

sr m > • 7 ̂  * 
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Fig. 17--An electron micrograph showing small lipid 
droplets in the cytoplasm of a degenerating cell. The drops 
were coalescing to form larger droplets. The mouse had been 
treated with 12 mg of hematoxylin in dimethyl sulfoxide for 
five days. X 17/000. 
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non-treated tumor cells. The presence of several lipid 

globules, such as those shown in the electron micrograph 

of a thin section of tumor cells in Fig. 16, was common in 

cells which were degenerating. The electron micrograph in 

Pig. 17 shows the cytoplasm of a degenerating cell in a 

necrotic tissue area of a tumor from a mouse treated with 

12 mg of hematoxylin in dimethyl sulfoxide for five days. 

Surrounding the cell, there was a large amount of debris 

from other cells which had broken down. The lipid droplets 

ranged in size from 0-5 to 1.5 micron and were in the process 

of coalescing to form larger droplets. The various stages 

of this phenomenon were readily observed. In advanced 

stages of tumor degeneration characteristic of some of the 

tumor regions, large lipid globules of 50 to 300 microns in 

diameter were present. The large globules were formed by 

the same process of coalescence as the smaller lipid par-

ticles. One of these large droplets is depicted in the 

micrograph of a thick section in Fig. 18. The cells sur-

rounding the lipid accumulation were very necrotic. Normal 

tumor cells were not observed in the immediate area of the 

large globules when thick sections of the tissue were 

examined. 
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Pig. 18—A micrograph of a thick section of a necrotic 
region of the interior portion of a tumor from a mouse 
treated with 12 mg of hematoxylin in dimethyl sulfoxide 
for five days. X 400. 

The mouse shown in the photograph in Fig. 19 was 

treated for five days with 12 mg of hematoxylin in dimethyl 

sulfoxide, but was not sacrificed until four days after 

the cessation of chemotherapeutic administration. At the 

time the mouse was sacrificed, the animal was near death 

because of the presence of the tumor. In addition to the 

reduction in size of the tumor, the center of the neoplastic 

mass was completely necrotic. This phenomenon has been 

reported by Tucker (55) in experimental animals treated 

with dimethyl sulfoxide containing hematoxylin. 
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Fig. 19—A photograph of a DBA/1J mouse with a fourteen-
day tumor in which the center of the neoplasm was completely 
necrotic. The mouse had been treated with 12 mg of hema-
toxylin in dimethyl sulfoxide for five days. 

Fig. 20 A micrograph of necrotic cells and cellular 
debris from the interior tumor region of a mouse treated 
with 12 mg of hematoxylin in dimethyl sulfoxide for five 
days. The mouse was not sacrificed until three days after 
the cessation of treatment. 
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The cells shown in Fig. 20 were representative of the 

tissue adjacent to the central necrotic area of the tumor. 

The nuclei and cytoplasm of cells, although very deterior-

ated, had become rounded primarily as a result of osmotic 

response. Normal-appearing tumor tissue and cells were not 

observed in the area immediately outside of the necrotic 

region of the tumor. The electron micrograph of the thin 

section shown in Fig. 21 was obtained from the same specimen 

nr. 

Fig. 21—An electron micrograph of degenerated tumor 
tissue from the interior region of a tumor from a mouse 
treated with 12 mg of hematoxylin in dimethyl sulfoxide for 
five days. The mouse was not sacrificed until three days 
after the cessation of treatment. X 6,250. 
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as the tissue shown in the micrograph in Fig. 20. All cells 

had reached an advanced stage of degeneration. The presence 

of cellular debris scattered among the remaining cells indi-

cated the degree of cellular destruction. Coagulation of 

cytoplasmic and nuclear protein was indicated by the dense 

staining of abnormal-appearing proteinaceous material. 

Figure 22 is an electron micrograph of a portion of a 

degenerating cell from the necrotic region of the tumor. 

Fig. 22—An electron micrograph of a portion of a 
degenerating tumor cell from the necrotic region of the 
neoplasm. Cellular membrane systems have disappeared, 
x 17,000 
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The cell membrane had completely disappeared except for a 

small fragment seen in the extreme left portion of the 

micrograph. The nuclear membrane had deteriorated around 

most of its entirety and distinction between the nucleus and 

cytoplasm had become obliterated. The external limiting 

membranes of mitochondria were present, but the internal 

membrane system forming the cristae had disappeared. The 

endoplasmic reticulum, although not abundant in non-treated 
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Fig. 25—An electron micrograph of a thin section of 
the transition zone tissue from the tumor of a mouse which 
was not sacrificed until the fourteenth day. Both slightly 
altered and degenerating cells were present in the area. 
X 6,250. 
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tumor cells, could not be detected in the cytoplasm. 

Further away from the necrotic area toward the outer 

portion of the tumor there was a gradation into tissue 

exhibiting only partial degeneration of cells or even 

tissue which appeared unaltered or only slightly altered. 

The electron micrograph of a thin section shown in Fig. 23 

was representative of the transition zone, showing both 

degenerating tumor cells as well as altered cells. 

When a mouse treated for five days with 12 mg of hema-

toxylin in dimethyl.sulfoxide was sacrificed twenty-four 

hours after receiving the last dose and the tumor was cut 

open, the central portion of the tumor exhibited a light 

gray color which was indicative of the early stage of 

tissue necrosis. It was anticipated that if the mouse had 

lived for approximately three more days, the tumor would 

have appeared as the one shown in the photograph of the 

mouse in Fig. 19. The cells shown in the electron micro-
\ 

graph in Fig. 24 ware representative of the gray-colored 

tumor tissue in the center of the tumor. 

Nucleolar segregation appeared as one of the first 

visible alterations in treated tumor cells of mice receiv-

ing dimethyl sulfoxide containing hematoxylin,, In some of 

the cells it was noted preceding or during the 
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Fig. 24—An electron micrograph of tumor tissue from 
the center of a tumor which exhibited a gray color when cut 
open. Examination of the tissue revealed that the tissue 
was becomming necrotic. X 6,250. 
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disappearance of nuclear peripheral chromatin. In Fig. 25/ 

the typical nucleolus of an untreated tumor cell ..is depicted 

in the electron micrograph. 

In Figs. 26a and 26b, segregation of nucleolar material 

had occurred in cells treated with hematoxylin dissolved fin 

dimethyl sulfoxide. Following the disappearance"of per-

ipheral chromatin in treated tumor cells such" as those 

shown in the electron micrographs in Fig. 15 and Fig. 16, 

segregated nucleoli were less frequently observed. After 
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Fig. 25—An electron micrograph for the typical non-
treated nucleolus of a tumor cell. X 36/000. 
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Fig. 26--Electron micrographs of nucleoli from tumor 
cells treated with hematoxylin dissolved in dimethyl sul-
foxide showing nucleolar segregation. X 56,000. 

the disappearance of the peripheral chromatin from the 

nucleus, the nucleoli of the altered cells were smaller and 

less electron-dense. The presence of nucleoli exhibiting 

nucleolar segregation could be an indication of the mechanism 

of action of the hematoxylin-dimethyl sulfoxide combination 

in the tumor cells. Nucleolar lesions similar to these have 

been observed when various agents were used in cell cultures 

(5). Similar phenomena have been correlated with inhibition 

of nucleolar function (3^)-



CHAPTER IV 

DISCUSSION 

In recent years many studies have been 'directed toward 

the search for, and investigation of, compounds which may 

be of therapeutic value in the treatment of neoplastic pro-

liferations in man. Only a. very small number of the thou-

sands of compounds investigated have exhibited carcinostatic 

effects in the treatment of cancer. At best, most of these 

substances which have proved effective were limited in their 

scope as anti-neoplastic agents. 

The testing of hematoxylin for anti-tumor properties on 

Carcinoma 755' Sarcoma 180, and Leukemia 1210 has been re-

ported (52, 51)- The results were negative and carcinostatic 

effects were not exhibited. Tucker (53) has described favor-

able results in the treatment of various neoplasms by admin-

istration of hematoxylin dissolved in dimethyl sulfoxide. 

Partial or total regression of tumors occurred in a number 

of cases. However, careful light and electron microscope 

studies of the cellular response of neoplastic tissues to 

this combination of therapeutic agents have not been re-

ported. 

«S1 
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On the basis of light and electron microscope obser-

vations presented in this dissertation, a series of alter-

ations of tumor cells and tissue morphology of a trans-

plantable lymphosarcoma in DBA/1J mice has been established 

by intraperitoneal administration of 2 to 12 mg of hematoxylin 

dissolved in dimethyl sulfoxide. These effects include the 

appearance of nucleolar lesions in the form of segregation 

of nucleolar components, disappearance of nuclear peripheral 

chromatin, and finally autolysis of the tumor cells. Tissue 

and cellular destruction was observed relative to the dose 

of hematoxylin administered in combination with dimethyl 

sulfoxide. 

When mice with five-day tumors were treated once a day, 

for five days, with 0.2 ml of 90 per cent dimethyl sulfoxide 

containing 2, 5/ 8, or 12 mg of hematoxylin, an anti-tumor 

response was exhibited. At the end of the test period, 

tumors in mice treated with 2 mg of hematoxylin in dimethyl 

sulfoxide were not reduced in size and the life span of the 

mice was not increased. However, examination of the tumor 

tissue revealed that changes had occurred in the interior 

portion of the tumor, and that the cellular morphology was 

strikingly different from that of control tumors. Similar, 

but progressively more pronounced cellular responses were 
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observed in mice receiving 5 a n^ 8 mg of hematoxylin in 

dimethyl sulfoxide. In some of the mice treated with 8 mg 

of hematoxylin in dimethyl sulfoxide, the size of the tumor 

appeared to be slightly reduced, while in other mice treated 

with the same dose, the size of the tumor appeared unchanged. 

The most obvious effects of the therapeutic combin-

ation were observed in mice treated with dimethyl sulfoxide 

containing 12 mg of hematoxylin. Eleven mice which were not 

sacrificed at the end of the test period lived an average of 

three days longer (ir 1 day) than normal tumor-bearing mice. 

The size of the tumor was reduced by approximately one-third 

its normal size on the basis of visual estimation of mass 

and diameter. Metastasis of the tumor to the skin and body 

wall prevented the removal of the neoplastic tissue for 

purposes of accurate weight and measurment. Five of nine 

mice in the groups treated with 12 mg of hematoxylin in DMSO, 

which were not sacrificed at the end of the test period, 

developed a pronounced central necrosis of the tumor such as 

the one shown in Fig. 19. The remaining four mice did not 

exibit the darkened central necrotic area by light micro-

scropy, but upon electron microscope examination the tissues 

were found to be in the process of degenerating. It is 

anticipated that had these mice lived longer, the advanced 
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necrosis of the tumor would have occurred as was observed in 

the terminal animals. 

On the basis of comparison of cellular alterations 

leading to tissue necrosis in tumors treated with 12 mg of 

hematoxylin in DMSO, similar responses were observed in 

tumor tissue treated with 2, 5/ and 8 mg of hematoxylin 

dissolved in DMSO, and successive stages of cell alterations 

leading to autolysis were observed. If it had been possible 

to prolong the life of mice treated with 2, 5' ar*d 8 mg of 

hematoxylin for three to five days, it is anticipated that 

a central necrosis of the tumor would have developed. 

The fact that the average life span of some mice 

treated with 12 mg of hematoxylin in DMSO was increased an 

average of three days when compared to the control mice, 

does not at first seem important. However, when one 

considers the rapid period of time in which this tumor line 

kills the animals, this prolongation of life in these mice 

by 25 per cent seems noteworthy. 

An eleven-day tumor in the mice represents approxi-

mately one-fourth to one-sixth the total body weight of the 

host. The metabolic demands of such a mass of neoplastic 

tissue are quite large. In addition to the excess metabolic 

waste products which must be processed by the excretory 
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system of the mouse, the situation becomes further compli-

cated when the central necrosis of the tumor reaches an 

advanced stage of autolysis and there is a pronounced 

release of cellular debris and tissue fragments which lead 

to renal immobilization and death. 

Little is known concerning the biological properties 

of hematoxylin in living systems although its application 

as a biological stain are well known ( 2 4 ) . At this point, 

the action of this combination of chemotherapeutics is 

entirely speculative, although it is believed that a phe-

nomenon involving the binding of hematein to nucleoprotein, 

by a process similar to staining, occurred in the living 

cells of the tumor. As a result of treatment of the lympho-

sarcoma with hematoxylin dissolved in DMSO, if hematein was 

bound in some manner to the nucleoprotein, then inhibition 

or alteration of one or more metabolic mechanisms occurred. 

Support for this hypothesis was found in the fact that one of 

the earliest responses in tumor cells was the appearance of 

nucleolar lesions and loss of peripheral chromatin nuclei. 

This phenomenon was apparent when stained tissue sections 

obtained from tumors of mice treated with hematoxylin dis-

solved in DMSO were compared with control tumor tissues. 



56 

Morphological alterations of nucleoli were noted in 

cells preceding, or at the time of, disappearance of per- . 

ipheral chromatin from the nuclei. Nucleolar segregation 

became evident in cells treated with hematoxylin dis-

solved in dimethyl sulfoxide. Similar types of nucleolar 

lesions have been reported when cells were treated with 

Actinomycin D (43* 4J), 4-nitroquinoline N-oxide (44), 

Mitomycin C (30), Azaserine (20), and Aflatoxin (4). 

Nucleolar lesions described as "coalescence," "sorting out," 

"redistribution," or "nucleolar segregation" (4) appear to 

be highly specific, although they can be produced by 

apparently unrelated agents (5)-

Journey and Goldstein (25) found that nucleoli of 

Actinomycin D-sensitive HeLa cells were characterized by 

lesions, while Actinomycin D-resistant HeLa cells were not 

altered and nucleolar lesions were not observed. Reich (42) 

reported that in jLn vitro studies, Actinomycin D was bound 

only to guanine sites on helical DNA. As a result of this 

binding of Actinomycin D to DNA, DNA-dependant RNA syn-

thesis was suppressed, although DNA-polymerase activity was 

not affected. When baboon kidney tissue culture cells (30) 

and HeLa cells (34) were treated with Actinomycin D, 

3H~uridine incorporation into nucleolar RNA was prevented. 
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Levy (34) reported that in cytochemical studies on thin 

sections of HeLa cells treated with Actinomycin D, the 

transfer of uridine-labeled components of ribosomes from the 

nucleus to the cytoplasm was prevented. Autolysis of cells 

treated with Actinomycin D ultimately occurred (30, 34). 

Reynolds et aJ.. (44) have shown that nucleolar lesions 

with associated nucleolar "caps" were produced in Chang liver 

tissue culture cells when treated with 4-nitroquinoline 

N-oxide. This agent caused a depression effect on cellular 

DPN concentrations and glycolysis, subsequently reducing 

the ATP content. The reduction in available ATP inhibited 

protein and nucleic acid synthesis. Reynolds et al. (44) 

concluded that the cell responded to the decreased protein 

synthesis by discharging the preformed RNP from the nucleolus 

into the cytoplasm in an effort to restore protein synthesis. 

Nucleolar exhaustion of RNP caused a decrease in the size of 

nucleoli and a redistribution of nucleolar material occurred, 

at which time the nucleolar "caps" were formed. 

The sites of action of 4-nitroquinoline N-oxide and 

Actinomycin © are not the same. However, the development of 

lesions appeared as one of the earliest visible responses 

of cellular organelles to these compounds. It is also 

possible that other sites of action of these substances 
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contribute indirectly to the formation of these character-

istic nucleolar abnormalities. 

Abrams (1) has described the naturally occurring auto-

lytic: process of newly transplanted tumor tissue in the 

DBA/lJ lymphosarcoma tumor line. This was the same tumor 

which was used in this study. When the degeneration of 

tumor cells treated with hematoxylin-dimethyl sulfoxide was 

compared to the alterations described by Abrams (1), a 

completely different series of cellular changes was ob-

served. The degeneration of transplanted tumor tissue (1) 

occurred first in the peripheral tumor mass and was char-

acterized by cytoplasmic alterations. Nucleolar lesions 

were not observed, and the nuclei were the last cellular 

organelle to undergo degenerative changes. Cellular degen-

eration of the tumor implant mass proceeded from the exterior 

to the interior. 

The action of this combination of dimethyl sulfoxide 

and hematoxylin used in this study was probably caused by 

the binding of hematein with one or more specific sites on 

nucleoproteins. The oxidation of hematoxylin to hematein 

may have occurred both naturally and by dimethyl sulfoxide. 

It may also be concluded that dimethyl sulfoxide served as 

a vehicle for transport of hematein across cell membranes 
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and ultimately into the neoplastic cell and its nucleus. 

The unusual property of membrane penetration by dimethyl 

sulfoxide and its ability to facilitate transport of mol-

ecules across membranes have already been established (6, 13, 

21). Although it was possible that dimethyl sulfoxide could 

have been involved in one or more specific reactions with 

cellular constituents^ and could have contributed to cell 

degeneration, it seem most likely from the observations made 

in this study that hematoxylin (hematein) was the primary 

active agent causing tumor regression and cell autolysis. 

With the results which were achieved in this study, 

further investigations of the effects of this combination 

of agents should be undertaken using other tumor systems. 

It would be advantageous to use tumors which do not cause 

death in the animals as rapidly as the lymphosarcoma used in 

this study. In vitro studies should be undertaken to deter-

mine if hematein is bound to DNA and to determine if DNA-

dependant RNA synthesis and DNA-polymerase activity are 

altered. 

An important consideration in terms of clinical use 

of dimethyl sulfoxide containing hematoxylin was its effect-

iveness as an anti-tumor agent without producing toxic 

responses in normal tissues. This is in contrast to most 
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other effective anti-tumor agents, which are active only at 

levels which also produce toxic reactions in normal tissues. 

From the results of this study, in which anti-tumor effects 

were exhibited while normal tissues produced no toxic 

responses, much encouragement for the potential application 

of this combination of agents in other types of neoplastic 

proliferations was revealed. 



CHAPTER V 

SUMMARY 

A light and electron microscope study of the effects of 

dimethyl sulfoxide containing 2, 5' 8' an<3- 12 mg of hema-

toxylin was made. The combination of agents was administered 

by intraperitoneal injection into DBA/lJ mice carrying a 

transplantable lymphosarcoma. Injections were initiated 

on mice with five-day tumors, and administered daily for 

five days. Tissue and cellular alterations were first 

observed in the interior portion of the tumor. The earliest 

recognizable alterations were loss of peripheral chromatin 

from the nuclei and development of nucleolar lesions char-

acterized by nucleolar segregation. The degree of cellular 

alteration was found to be dose-dependant during the five-

day administration period. Mice treated with 12 mg of 

hematoxylin in dimethyl sulfoxide developed a central 

necrosis of the tumor after nine days. 

6l 
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CHAPTER I 

INTRODUCTION 

Many electron microscope studies of algae have been 

reported. A number of these investigations describe 

various considerations of the ultrastructure of the blue-

green algae. Several of the initial ultrastructural studies 

of blue-green algae were concerned with the nature of the 

nucleoplasm, because of the: supposed close relation of these 

organisms to bacteria (2, 3, 5» 6, 11, 15/ l6, 19). Other 

investigatiors have reported the fine structure of vegetative 

cells as well as the fine structure of heterocysts and 

akinetes of various filamentous blue-green algae (1, 4, 7' 8, 

10, 17, 25, 26). 

Studies on the freezing and thawing, freeze-substitu-

tion techniques of electron microscope studies, and freeze-

drying of animal tissue, tissue cultrue, bacteria, and 

viruses have been extensively reviewed (lj5, 18, 21, 25, 24). 

Similar investigations concerning the nature and effect of 

freezing and thawing, freeze-substitution, and freeze-drying 

of algae for electron microscope studies have not been 

reported. 



The objective of this investigation was twofold: 

(l) to determine the feasibility of freeze-drying blue-green 

algae as a means of storage and preservation until the 

specimens could be fixed and embedded for electron micro-

scope studies/ and (2) to determine if freeze-drying of 

the cells would result in adverse effects upon the fine 

structure of the cellular components. 



CHAPTER II 

MATERIALS AND METHODS 

Axenic cultures of Anabaena cylindrica Lemm. (No. 629) 

and Eucapsis sp. (No. 1519) (22 ) were prepared by growing 

the organisms in No. 11 medium ( 22 ) in culture chambers 

maintained at 25-27 C. Incident light of 450-500 ft-c 

intensity was provided by a bank of four 20-w cool-white 

fluorescent tubes operating continuously. After 2 - 4 weeks 

of incubation, the cultures were harvested and prepared for 

electron microscope studies. Each culture was divided into 

equal aliquots, one of which was freeze-dried prior to 

fixation, while the other aliquot was fixed according to the 

method of Ryter and Kellenberger ( 2 0 ) . The aliquot to be 

freeze-dried was centrifuged at 4000 rpm for five minutes at 

25 C to sediment the cells. After centrifugation, all but 

1 ml of the medium was discarded. The cells were resuspended 

in the remaining 1 ml of medium and transferred to a 5-ml 

ampule which was immediately frozen in an acetone-dry ice 

bath. After freezing for two minutes the ampules were dried 

with a Thermovac Freeze-Dryer (Model FD-l). The ampules were 

either sealed while under a vacuum or removed from the vacuum 

3 



and immediately suspended in one per cent osmium tetroxide 

in acetate-veronal buffer (pH 7-2). 

Both the control cells and the freeze-dried cells 

were fixed at room temperature for sixteen hours. Following 

fixation, the cells were centrifuged and the fixative was 

discarded. The pellets were suspended in 1 - 2 drops of Noble 

agar (two per cent) and solidified on a glass slide. The 

agar containing the cells was cut into blocks approximately 

1 mms and the blocks were placed in acetate-veronal buffer 

(pH 7 - 2 ) containing. 0 - 5 P e r cent uranyl acetate for two 

hours. After this treatment the specimens were dehydrated 

in JO, 50, 70, and 95 P e r cent ethanol ( 10 minutes each). 

The cells were then treated in three changes of 100 per cent 

ethanol ( 5 minutes each). This was followed by embedding in 

Epon 812, according to the method of Luft ( 1 2 ) . Polymer-

ization of the resin was carried out in a dry-heat oven at 

60 C for three days. Thin sections were obtained with a 

diamond knife on a Porter-Blum Ultramicrotome (Model MT - 2 ) . 

To improve contrast, the sections were stained with lead 

tartrate (l4) for fifteen minutes. The thin sections were 

examined with an RCA-j5G Electron Microscope operating at 

50 Kv and using a 50-micron objective aperture. 



CHAPTER III 

RESULTS 

The fine structure of vegetative cells, akinetes, and 

heterocysts of A. cylindrica and vegetative and dividing 

cells of Eucapsis sp. was similar to that reported for 

various other blue-green algae (8, 17/ 19/ 25/ 26). The 

terminology used in this report to describe the cellular 

components and structures of A. cylindrica and Eucapsis sp. 

will be essentially the same as that employed by other 

investigators in describing the fine structure of various 

blue-green algae (1, 8, 17/ 19/ 25/ 26). 

In most respects, the overall appearance of the freeze-

dried preparations was similar to that of the controls. 

Certain differences in the preservation of extracellular 

and intracellular components, however, were observed. One 

of the outstanding differences was seen in specimens of 

Eucapsis sp., in which most of the freeze-dried cells were 

surrounded by a prominent mucous capsule (Fig. 5/ 6), while 

this was not visible in the control preparations (Fig. 7, 

8). Occasionally some of the control cells showed evidence 

of a ghost of the capsule (Fig. j), but it was difficult to 



Fig. 1--Freeze~dried Anabaena cylindrica. Longitudinal 
section through a vegetative cell. The photosynthetic thyla-
koids (t) can be seen throughout the peripheral areas of the 
cell, while ribosome aggregates are prominent in the central 
portion of the cytoplasm. X 18/250. 

Fig. 2--Freeze-dried A. cylindrica. A portion of an 
akinete in cross section shov/ing the outer layer (ol), mid-
dle layer (ml), and inner layer (il) of the inner investment, 
The plasma membrane (pm) is easily distinguished from the 
inner layer (il) of the inner investment. A prominent, but 
uneven mucilaginous sheath (s) surrounds the akinete. 
X 44,000. 
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Fig. ^--Control preparation of A. cylindrica. Longi-
tudinal section through a vegetative cell of a filament. 
Note the swollen appearance of the photosynthetic thylakoids 
(t) throughout the cell.. X 23,000. 

Fig. ^--Control preparation of A. cylindrica. Cross 
section through an old akinete. Note the abundance of the 
dense, structured granules (sg) in the cytoplasm and the 
ragged appearance of the dissipating mucilaginous sheath (s) 
Younger akinetes of the control preparation were surrounded 
by more prominent mucilaginous sheaths similar to the one 
shown in Fig. 2. X 21,000. 
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Fig. 5—Freeze-dried Eucapsis sp. Cross section of a 
vegetative cell which is surrounded by a prominent mucous 
capsule (mc). X 28/750. 

Fig. 6—Freeze-dried Eucapsis sp. Cross section 
through 2 daughter cells still enclosed in the mucous capsule 
(mc) of the mother cell. X 11,700. 



Fig. 7--Control preparation of Eucapsis sp. Cross sec-
tion of 2 vegetative cells, each in an early stage of cell 
division. The ghost of the mucous capsule (arrows) sur-
rounding the cells is faintly visible. X 9/000. 

Fig. 8--Control preparation of Eucapsis sp. Cross sec-
tion of a recently divided cell. The photosynthetic thyla-
koids (t) are well defined in the lower portion of the cell 
and a distinct hexagonal polyhedral body (pb) is seen in the 
upper right portion of the cytoplasm. X 21,000. 
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discern. 

In most of the thin sections of freeze-dried vegeta-

tive cells of A. cylindrica, the photosynthetic thylakoids 

were more distinct (Fig. 1) and were not characterized by 

a distorted and swollen appearance as were those of the 

control specimens (Fig. 5). A similar observation was made 

for akinetes (Fig. 2, 4) and heterocysts. Gross swelling 

and distortion of the thylakoids were not observed in either 

the freeze-dried or control preparations of Eucapsis sp. 

Many of the cells, however, were characterized by a general 

absence of the typical double membrane structure of the 

thylakoids (Fig. 6, 8), while other cells contained more 

clearly defined unit membranes of the thylakoid system 

(Fig. 5/8). 

A. certain amount of shrinkage of the cells was ob-

served in both types of preparations. Examination of 

numerous freeze-dried preparations did not reveal a signi-

ficant difference when these were compared with control 

preparations. In A. cylindrica, shrinkage was most pro-

nounced in some of the akinetes and heterocysts where 

there was a considerable degree of seperation of the slime 

sheath from the inner investment (Fig. 2). Other akinetes 

and heterocysts showed little or no evidence of shrinkage 
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(Fig. 4). 

In both freeze-dried and control specimens of Eucapsis 

sp., seperation of a portion of the plasma membrane from the 

cell wall was occasionally observed, but in most instances 

it was not pronounced. This phenomenon was not observed 

in the vegetative cells of A. cylindrica. 



CHAPTER IV 

DISCUSSION 

A comparison of the fine structure of freeze-dried 

and conventionally fixed cells of A. cylindrica and Eucapsis 

sp. is reported. The primary objective of this investigation 

was to determine if freeze-drying of the algae would result 

in visible changes of the fine structure of one or more of 

the cellular components of these organisms when compared 

with specimens which were not freeze-dried prior to fixation 

and embedding for electron microscope studies. Viability 

of the organisms was not investigated. 

Although it cannot be concluded at this time that an 

added variable, i. e., freeze-drying prior to fixation, will 

result in a corresponding increase or decrease of the over-

all preservation of fine structure of the cellular compo-

nents, it is believed, however, that in certain instances 

freeze-drying of the specimens would be advantageous with 

respect to the following considerations: (l) in an inves-

tigation of the cytological and morphological changes of 

alga over an extended period of time, the number of 

man-hours required to process and embed the specimens could 
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be greatly reduced since a large number of specimens could 

be processed at the same time, and (2) the effects of 

fixation* dehydration, and embedding would be of a more 

uniform nature if all the cells which were harvested at 

different time intervals during the course of the investi-

gation were preserved by freeze-drying and then processed 

for electron microscope studies at the same time. 



CHAPTER V 

SUMMARY 

Cultures of Anabaena cylindrica Lemm. and Eucapsis 

sp. were harvested, freeze-dried, and prepared for electron 

microscope studies. A comparison of the freeze-dried pre-

parations was made with control specimens not freeze-dried. 

Fixation and embedding were according to the Ryter and 

Kellenberger technique. The photosynthetic thylaJcoids of 

the freeze-dried cells were more distinct and less distorted 

than those of the control cells# Freeze-dried Eucapsis sp. 

cells exhibited a prominent mucous capsule, whereas in the 

nonfreeze-dried specimens, no such capsule could be discerned. 

14 
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CHAPTER I 

INTRODUCTION 

For a number of years the morphological sililarity 

Euglena and Astasia has caused considerable doubt re-

garding the taxonomic validity of colorless euglenoids in 

the genus Astasia, This problem becomes further compli-

cated when bleached forms of Euglena are compared with 

Astasia- After a detailed consideration of the morpholo-

gical and cultural aspects of these organisms when grown on 

certain substrates, Pringsheim (IT) concluded that Astasia 

longa was nothing more than an apochlorotic race of Euglena 

gracilis» 

In his text on euglenoids, Leedale (11) has reviewed 

the methods by which colorless strains of several species 

of Euglena were induced by high sub-lethal temperature, 

ultraviolet irradiation, antibiotics, and various chemicals. 

Once the chloroplasts were lost from cells, subsequent 

reappearance of the chloroplasts has not been reported. 

Non-permanent bleaching has occurred when the cells were 

treated with amino-triazole or picromycin and methamyciny 

however, upon removal of the chemical from the growth media 



the choloropasts soon reappeared (1. 5). 

A number of electron microscope studies concerning 

various aspects of the fine structure of Euglena gracilis 

have been reported (2, 6-9, 15' 16, 18, 21, 2j5, 25-27). 

Similar studies on the fine structure of Astcisia have also 

been reported (k, 19, 20, 22, 23)- Leedale (11) has also 

reviewed a number of detailed studies on the oxidative 

metabolism of E. gracilis and A. longa in which the general 

conclusion was that both were characterized by similar 

respiratory processes and followed the general patterns of 

respiration established for a number of other organisms. 

Blum jet al. have shown there are several distinct 

biochemical differences between Euglena and Astasia, as well 

as ultrastructural differences. They concluded that the 

differences they described were significant and considered 

naturally occurring colorless euglenoids designated as 

members of the genus Astasia taxonomically valid. 

The purpose of this investigation was to examine the 

fine structure of E. gracilis var. bacillaris, E. gracilis 

var. bacillaris (colorless), and A. longa, and to determine 

if additional cytological differences other than those' 

previously reported could be ascertained. 



CHAPTER II 

MATERIAL AND METHODS 

Cultures of E_. gracilis No. 884, IS. gracilis (colorless) 

No. 885/ a n d A. longa No. 512̂  in Polytomella medium, were 

obtained from the Indiana Culture Collection (24). One group 

of organisms was maintained in Polytomella medium for three 

days prior to fixation, while the second group was trans-

ferred to soil-water medium and grown for two and one-half 

weeks before processing for electron microscope studies. 

Both groups of cultures were maintained at 25 C (+ 2 c) 

under incident light of 500 ft-c intensity provided by 

40-watt cool white fluorescent lamps, with alternating 

periods of eighteen hours light and six hours dark. 

Specimens for electron microscope studies were fixed 

in 5 Per cent glutaraldehyde in 0.06 M cacodylate buffer 

(pH 7.2) for two hours in an ice bath, followed by rinsing 

overnight in three changes of 0.1 M cacodylate buffer (pH 

7-2). The specimens were post-fixed in 1 per cent osmium 

tetroxide in 0.1 M cacodylate buffer (pH 7-2) for two hours 

in an ice bath, followed by rinsing for fifteen minutes in 

0.1 M cacodylate buffer. The specimens were centrifuged 



slowly to sediment the cells, and then dispersed in two drops 

of 2 per cent Noble agar and solidified on a. glass slide. 

After cooling, the agar was cut into small blocks approxi-

mately 1 mm3 and dehydrated for ten minutes each in 30, 50# 

70, and 95 Per cent ethanol, followed by two changes of ten 

minutes each in 100 per cent ethanol. Following dehydration 

the specimens were treated for thirty minutes in propylene 

oxide and infiltrated with a mixture of one part Epon 812 

and two parts propylene oxide for one hour, followed by infil-

tration with two parts of Epon Sl2 and one part propylene 

oxide for one hour in a closed container. After infiltration 

with the second mixture, the top of the container was re-

moved to allow evaporation of the propylene oxide. The next 

day the specimens were embedded in a fresh mixture of Epon 

Sl2, following the method of Luft ( 1 2 ) . Polymerization of 

the resin was carried out in a dry-heat oven at 60 C for three 

days. Thin sections were obtained on a Porter-Blum Ultra-

microtome (Model MT-2) equipped with a diamond knife. The 

thin sections were stained for two hours in uranyl acetate 

and counter-stained for ten minutes in lead tartrate (14), 

and examined in an RCA-3G Electron Microscope operating at 

50 Kv and using a 50-micron objective aperture. 



CHAPTER III 

RESULTS 

Distinction between bleached Euglena and Astasia cannot 

be made in the light-microscope; however, when thin sections 

were examined in the electron microscope, certain cytologi-

cal features were observed which served to identify the 

colorless organisms. Because of the plastic nature of 

the pellicle and the ability to change shape, numerous 

different cell outlines were observed in the thin sections 

of the specimens. 

Sommer and Blum (25) investigated the fine structural 

organization of the pellicle complex of E. gracilis and A. 

longa and concluded they were basically the same except 

that the notch of the pellicle complex of Astasia appeared 

to be more prominent than in Euglena. The same features 

of the pellicle complex were observed in this study; however, 

it was not always possible to distinguish the character 

of the notch unless the plane of sectioning was more or less 

perpendicular to the pellicle ridge. 

One of the outstanding cytological features of E. 

gracilis was the occurrence of dense bodies associated 

with the paramylum granules (Fig. 1). in most instances 



Fig. l--Section of Euglena gracilis showing chloroplasts 
(c), a single nucleus (n) with a large endosome (e), and 
mitochondria (m) scattered in the cytoplasm. Paramylum 
grains (p) and associated dense bodies occur throughout the 
cell body. Prominent phospholipid vesicles (pi) are dis-
persed in the cytoplasm, some of which contain prominent 
lipid droplets (l). A large Golgi body (g) is seen in the 
center of the cell. Just beneath the pellicle ridges, small 
muciferous bodies are in evidence (mu). X 12,700. 
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Fig. 2 — A portion of a cross section of _E. gracilis 
(green) near the anterior end. Cross sections of both flag-
ella are seen in the reservoir (re). Several prominent phos-
pholipid vesicles (pi) are observed in the cytoplasm in 
addition to mitochondria (m), ribosomes (r), and vesicul-
ated endoplasmic reticulum. X 25/000. 
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Fig. j5--Portion of a cross section of Astasia longa 
showing the characteristic shape of paramylum grains (p)* A 
portion of a vacuole (v) and several phospholipid bodies (pi) 
are also seen. X 25*000-
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Fig. 4—Thin section of A. longa showing the close, 
association of paramylum (p) around the nucleus (n). Note 
the elliptical shape of the paramylum. X 25/000. 
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Fig. 5—A portion of a cross section of bleached Euglena 
showing several clusters of the plate-like paramylum. 
Mitochondria and numerous ribosomes occur in the cytoplasm 
between the paramylum clusters. X 33/000 
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Fig. 6—A section of bleached Euglena showing the typ-
ical elliptical paramylum bodies as well as the plate-like 
aggregates of paramylum. Note the irregular nature of the 
dense bodies surrounding the elliptical paramylum grains. 
X 14,000. 
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the dense bodies appeared as caps around the paramylum, 

although in other instances the dense bodies were separated 

from the paramylum (Fig. 1). Although the paramylum grains 

appeared to be more abundant in Astasia, they were of 

similar size and configuration to those in green Euglena. 

The characteristic dense bodies associated with paramylum 

in _E. gracilis (green) were not observed in Astasia (Fig. 

3-4). In bleached Euglena, in addition to the ellipsoidal 

paramylum grains which were characteristic of the other 

two euglenoids, a second type of paramylum in irregular 

plate-like aggregates was observed (Fig. 5-6). This type 

of paramylum was readily distinguished in any plane of 

sectioning of the specimens of bleached Euglena, while 

similar forms of paramylum were not observed in the other 

specimens. Most of the organisms were characterized by 

a predominance of the plate-like aggregates of paramylum. 

In some of the thin sections of the bleached Euglena in 

which the ellipsoidal paramylum grains were not observed, 

it was concluded this was a result of the plane of section-

ing rather than the absence of the ellipsoidal paramylum 

bodies from the organism. Mignot (14) reported two types 

of paramylum bodies in Cyclidiopsis which appear morpho-

logically similar to those described in this report, the 
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principal difference being in the plate-like paramylum 

bodies of bleached Euglena, which occurred in aggregates 

and we more irregular in form, while those reported by 

Mignot in Cyclidiopsis appeared more regular in form and 

showed no evidence of occurring in aggregates. Dense 

bodies similar to those associated with the paramylum in 

E. gracilis (green) were also observed in bleached Euglena, 

but were less frequent and more irregular in form (Fig. 6). 

Mitochondria in all of the specimens appeared morpho-

logically similar, although they were somewhat more abundant 

in the colorless euglenoids than in the chloroplast-bearing 

Euglena. 

Well defined phospholipid vesicles were observed 

scattered throughout the cytoplasm of the organisms. There 

appeared to be no difference in the general structure of 

the vesicles or in their numerical distribution in any of 

the specimens. Typical phospholipid vesicles observed in 

the cytoplasm of the specimens are shown (Figs, l-r-4, 6). 



CHAPTER IV 

DISCUSSION 

In the ultrastructural comparison of green and bleached 

Euglena and Astasia, significant morphological features 

were observed which served to differentiate between these 

organisms. 

The chloroplasts of green Euglena obviously distinguish 

it from the colorless forms. In each of the organisms ' 

typical ellipsoidal paramylum grains were present. It was 

also noted that the paramylum grains were more numerous in 

Astasia than in green or bleached Euglena, but no attempt was 

made to use this feature for morphological differentiation. 

The irregular dense bodies associated with paramylum 

grains in green and bleached Euglena appeared to be similar to 

and more numerous than the somewhat obscure dense bodies in 

glutaraldehyde-fixed Euglena in the studies of Sommer and 

Blum (25) and Blum et al. (4). These dense bodies were 

consistently observed in the green and bleached Euglena 

when thin sections through the central portion of the 

organism were examined. These dense bodies were not ob-

served in Astasia prepared under the same conditions; 

therefore, their presence in bleached and green Euglena 

14 
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served to distinguish them from Astasia. 

A second significant distinguishing feature which 

also served to consistently differentiate between the 

colorless organisms was the presence of plate-like aggre-

gates of paramylum found only in bleached Euglena. Further-

more, it is interesting to note that such plate-like paramy-

lum aggregates were not observed in the green Euglena even 

though the organisms were grown in the same medium under 

identical conditions and were prepared for electron-micro-

scope examination by the same procedure at the same time. 

No significant distinction could be made when the 

three-week-old culture of bleached Euglena and Astasia 

grown in soil water was compared with three-day dultures 

grown in Polytomella media. This is apparently the first 

report of plate-like paramylum in Euglena, although these 

aggregates appear somewhat similar to a second type of 

paramylum described by Mignot (lj) in Cyclidiopsis. Further-

more, it is significant to note that the bleached Euglena 

used in this study was originally derived by bleaching of 

_E* gracilis. 

Prominent and well defined phospholipid vesicles 

were observed in each of the specimens regardless of age 

or culture media. Leedale (11) refers to a phenomenon in 
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E.' gracilis in which the number of phospholipid vesicles 

increases with age of the culture. It is believed that 

the reason no significant difference between the abundance of 

phospholipid vesicles was observed in the three-day and 

three-week cultures was because the three-week cultures can-

not be considered as "old" cultures. 

Although a definite relationship between the morpho-

logies of the phospholipid vesicles of living and fixed 

cells has not been established, the phospholipid vesicles 

of the fixed cells do exhibit distinct morphological fea-

tures which facilitate their identification. Each vesicle 

is bounded by a single unit membrane within which there is 

a dense, vesiculated membranous substance which may be a 

condensate of inorganic phosphate (10) or a condensate of 

substances resulting from fixation which may or may not 

contain lipid droplets or myelin-like structures (Fig. 2). 

Even though the internal structure may be quite varied, 

no attempt was made to use these organelles for differen-

tiation between the organisms used in this investigation. 



CHAPTER V 

SUMMARY 

A comparison of some of the cytological features of 

Euglena gracilis Klebs, Euglena gracilis var. bacillaris 

Gross (colorless), and Astasia longa Pringsheim was made 

in an electron microscope study of the organisms. Euglena 

gracilis was readily differentiated from the colorless forms 

by the presence of chloroplasts. The two colorless forms 

were morphologically similar; however, in this study it 

was possible to differentiate bleached Euglena from Astasia 

longa by the presence of irregular plate-like aggregates 

of paramylum, while similar forms of paramylum were not 

observed in chloroplast-containing E. gracilis or in A. 

longa. 
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