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This study examines ultrastructural changes occurring

in seven- and fourteen-day populations of Trypanosorfa lewisi

when 60 mg sodium salicylate is administered to the host.

These changes were related to the host-immune response.

Seven-day trypanosomes showed approximately 10 posterior

volutin granules. Seven-day trypanosomes whose host had

received salicylate exhibited. 30 to 40 volutin granules,

and their posterior tip exhibited volutin granules in high

numbers sometimes excluding other cellular elements.

Fourteen-day trypanosones showed fewer volutin granules

than seven-day, salicylate-treated ones. Salicylate treat-

ment caused no additional ultrastructural alterations. Thus

the volutin granules are not linked to the reproduction

inhibiting antibody (ablast in) but may be involved in the

formation of the trypanocidal antibodies.
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INTRODUCTION

Trypanosoma lewisi is a typical member of the genus

Trypanosoma and was apparently first seen in France by

Chaussat in 1850, who mistook it for a nematode larvae (12).

In 1877 Lewis recognized Trypanosoma lewisi as a flagellate

in the blood of Indian rats (23, 24). In 1880 Kent placed

the haemoflagellate of rats in the genus Herpetomonas and

named it Herpetomonas lewisi (22), but it was later shown to

conform to the essential characters of the genus Trypanosoma

created by Gruby in 1843 (18).

Some confusion existed as to the classification scheme

of the trypanosomes, but the current classification scheme,

proposed by Hoare (20), is generally accepted. In his scheme

the genus Trypanosoma is broken down into two groups or

sections. These sections are based on the criteria of con-

ventional diagnostic characteristics, such as: morphology,

method of reproduction in the vertebrate host, position and

size of the kinetoplast, biochemical data, as well as phylo-

genetic considerations.

Section A, the Stercoraria, contains members whose

development in the vector is in the posterior parts of the

digestive tract, and transmission is contaminative. This

is the section formerly known as the "Lewisi group". The

Stercoraria is divided into four subgenera: Metatrypanum,

I
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Schizotrypanum, Endotrypanum, and Herpetosoma. Common

morphological characters of these subgenera are: (1) presence

of a free flagellum; (2) large and not terminal kinetoplast;

(3) posterior end of the body is pointed. Trypanosoma lewisi

is classified under the subgenera Herpetosoma.

Section B, the Salivaria, consists of members whose

developmental stages in the vector are found in the salivary

glands, and infection of the vertebrate host is innoculative.

The Salivaria is divided into four subgenera: Dultonella,

Nannomonas, Pycnomonas, and Trypanozoon. These subgenera

share the common characteristics of: (1) free flagellum not

always present; (2) kinetoplast is terminal or subterminal;

(3) the posterior end of the body usually blunt. All the

African pathogenic trypanosomes are members of the Salivaria.

Trypanosoma lewisi conforms in every way to the criteria.

of the Stercoraria and, with the exception Trypanosoma

cruzi, is the most widely studied member of the Stercoraria.

Trypanosoma lewisi is a cosmopolitan parasite of black

and brown rats. The vector in temperate climates is the rat

flea Nosophyllus fasciatus and in tropical and subtropical

areas Xenopsylla cheopsis (34).

It was conclusively proven that the parasite is trans-

ferred to the rat via the feces of the vector (28). The

rat becomes infected by ingesting, the feces of the fleas

while licking their fur (29).
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The course of the infection in the rat was extensively

studied by Taliaferro (44). Several hours after infection

the parasites appear in the blood as an extracellular

parasite. During the first seven days of the infection the

parasite reproduces actively, and the parasitemia reaches

a peak. Reproduction ceases to be as intense on the seventh

day due to the production of an antibody named ablastin by

Taliaferro (43). On the tenth day reproductive activity has

been markedly inhibited due to the rising titer of the repro-

duction inhibiting antibody (14), and a crisis occurs in which

most of the parasites are killed by a trypanocidal antibody

(15), The survivors of the crisis are resistant to this anti-

body but are held in check by the reproduction inhibiting

antibody. They are therefore unable to repopulate the blood.

They persist for a few weeks or months until a second try-

panocidal antibody is produced which terminates the in-

fection (15). After the infection has run its course, the

animals are immune to reinfection (15). Therefore, the rat

produces three antibodies: (1) a reproduction inhibiting

antibody; (2) a trypanocidal antibody responsible for the

first crisis and; (3) a second trypanocidal antibody that

terminates the infection.

The first antibody was first demonstrated by Taliaferro

(43) and later named ablastin (45). Ablastin was found to

inhibit only reproduction and not mobility. Ablastin was

also found to be non-adsorbable. Unlike ablastin the first



trypanocidal antibody kills the trypanosomes causing the

crisis, although some trypanosomes remain for several weeks.

Taliaferro stated that the first trypanocidal antibody is a

lysin (45). The second trypanocidal antibody terminates the

infection leaving the rat immune to further reinfection

by Trypanosoma lewisi

The mode of action of the reproduction inhibiting antibody

has been the subject of much study (14, 15). Conjecture as

to its site and mode of action is still continuing. Taliaferro

and Pizzi (46) have shown that ablastin inhibits synthesis

of proteins, They found that in the inhibited adult stage,

nucleic acid synthesis virtually stopped, and that protein

synthesis is reduced to a maintenance level. It was found

that trypanosomes inhibited by ablastin utilize less glucose

than those that are reproducing freely. This fact was later

confirmed by several workers (46, 49). Vickerman (52) re-

ported correspondence from Pattom suggesting that the mode

of action of ablastin is by blockage of the ATP-activated

sodium/potassium pump. The resulting shortage of potassium

ions in the cell could account for the cut back in both

protein synthesis (by limiting translation) and glycolysis

that has been observed at this stage in the life cycle.

Becker and Gallagher showed in 1947 that sodium

salicylate prolonged the reproductive phase of Trypanosoma
lewisi (6), They postulated that ablastin was an oxidative

enzyme with pantothenic acid as its coenzyme. Sodium salicylate



would block ablastin due to its competition with pantothenic

acid for the active site., Later, Lysenko (25) refuted this

hypothesis by showing that salicylate does not combine with

ablastin,

Saul and Becker (39) studied the effect of sodium sali-

cylate on an experimental infection of Trypanosoma lewisi.

They showed that salicylate administered to rats had no effect

on leucocyte or erythrocyte counts, but greatly increased

reproduction of the parasites. They showed that reproduction

remained at a high rate as long as salicylate was administered.

That the salicylate affects ablastin and not the trypanocidal

antibodies is evidenced by high rates of division, as deter-

mined by the coefficient of variability (43). This takes

place even while the total numbers are declining due to the

trypanocidal antibodies that remove the parasites faster

than they can reproduce.

Ormerod (31) studied the relationship of the multiple

inclusions, which appear in the posterior end of the dividing

forms of Trypanosoma lewisi, to the formation of antibody

which occurs at the time of the crisis. It was found that

administration of sodium salicylate inhibited the crisis,

and the inclusions (usually produced only at the time of

crisis) continued to develop and become numerous. The in-

clusions, which developed in conditions designed to decrease

or inhibit the circulation of antibody, continued to develop

without apparent check.
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Ormerod (30) later addressed himself to the production

of inclusions by chemotherapeutic agents. He showed that

salicylate inhibited the action of several drugs that are

aided by the immune response of the host (19), and that many

drugs cause the formation of volutin granules or chemothera-

peutic granules. The formation of granules in Trypanosoma

rhodesiense and some other ultrastructural changes due to

chemotherapeutic agents was observed by Macadam and Williamson

(26). The relationship of salicylate to the volutin granules

formed by chemotherapeutic agents is unknown.

The ultrastructural detail of various members of the

Trypanosomatidae has been the subject of much work (1, 2, 3,

5, 11, 21, 27, 28, 33, 37, 38, 40, 41, 42, 47, 48, 51, 53).

The ultrastructure of Trypanosoma lewisi has been the subject

of several studies. The most prominent are those by Judge

and Anderson (21), and Anderson and Ellis (3).

The use of electron micro.scopy to assess the mode of

action of some trypanocidal drugs was utilized by Macadam and

Williamson (26). Due to the amount of knowledge of Trypanosoma

lewisi ultrastructure, the use of electron microscopy to

study the relationship of sodium salicylate to volutin

granules seems warranted.

The objective of this study was to investigate the rela-

tionship of sodium salicylate to the volutin granules of

Trypanosoma lewisi by the use of electron microscopy and to

draw conclusions about their interaction with host immunity.



MATERIALS AND METHODS

Trypanosoma lewisi was maintained in the laboratory

by weekly intraperitoneal innoculation of uninfected white

rats with one ml of isotonic saline containing one drop of

blood removed from the tail of an infected animal.

To examine the effect of sodium salicylate on Trypanosoma

lewisi, male albino rats weighing approximately 250 grams

were divided into three groups. Controls were infected by

intraperitoneal injection of one ml of blood from a seven-

day infected white rat in one ml of isotonic saline. The

controls were given one ml of water via a gastric tube on

days two through eight after infection.

Animals to be treated with sodium salicylate were infected

similarly but were given 60 mg of sodium salicylate via a

gastric tube on days two through eight after infection.

A third group was left uninfected and administered

60 mg of sodium salicylate daily for four weeks. This was

an attempt to find out if sodium salicylate alone would

cause any symptoms in the rats.

The parasites were harvested for study by cardiac punc-

ture on days seven and fourteen. Differential centrifugation

was used to separate the organisms from the cellular elements

of the blood. The blood was centrifuged at five hundred

revolutions per minute for five minutes to isolate the

7 -
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organisms in the supernatant. The supernatant was centrifuged

again at three thousand revolutions per minute for thirty

minutes at four degrees Centigrade. The organisms were thus

concentrated into a white pellet.

The organisms were prepared for electron microscopy by

fixation in 1.5 percent osmium tetroxide buffered in s-collidine

(pH 7,.-7.5) for forty-five minutes at four degrees Centigrade

(8). The fixative was removed and the pellet washed in s-

collidine buffer. The buffer was removed and the organisms

dehydrated in a graded ethanol series. After ethanol dehy-

dration, the pellet was infiltrated with propylene oxide.

The pellet was then infiltrated in a graded series of propylene

oxide and Araldite. Polymerization was accomplished by a

sixty degree Centigrade temperature for twenty-four hours.

Sections were cut on a Sorval MT-2 ultramicrotome using

glass knives. Sections which showed gold to silver inter-

ference colors were collected on copper grids.

Sections were stained for five minutes with a saturated

solution of uranyl acetate in a half-water and half-ethanol

solution and five minutes with lead citrate (34).

Specimens were examined on an RCA FMU-3G electron

microscope using 50 kilovolt acceleration. Electron micro-

graphs were recorded on DuPont Cronar Ortho-S-Litho film.



RESULTS

Rats to whom 60 mg of sodium salicylate was administered

starting on the second day of the infection showed increased

parasitemia. The parasitemia reached such levels that, by

the seventh to eighth day, circulation in the tails had ceased,

and the tails became swollen and discolored. In the case of

males, the external genitalia also became swollen, and lack

of circulation caused extreme discoloration. Animals with

more severe symptoms (extreme swelling and discoloration of

testes, tail, and occasionaly ears) usually died by the

fifteenth to seventeenth day. Those with less severe symptoms

usually died at about three weeks, and some few rats survived.

Uninfected salicylate-treated rats remained healthy and

active throughout their treatment and afterwards.

Ultrastructure of the seven- and fourteen-day-old trypan-

osomes, both salicylate-treated and controls, was similar

in many respects. Some features of the fine structure

remain unaltered when treated with sodium salicylate. Some

ultrastructural differences between the seven- and fourteen-

day-old parasites are attributable to the difference in

growth stage and will be discussed later. The trypanosomes

examined were approximately two to three microns in diameter

and thirty microns long.

Pellicle-- Examination of both age groups, as well as,

treated and control groups showed no difference in the outer

9
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membrane of the trypanosomes. The parasites are onolosed in

a unit membrane which is continuous with that membrane covering

the flagellum (Figures 1, 2, 11, and 12). The pellicle is

a unit membrane composed of three layers with a less dense

layer between. The membrane appears to have a surface coat

of fine osmiophillic fibers (Figures 8, 15, 20, and 21), but

the surface coat of Trypanosoma lewisi does not appear as

dense as those demonstrated in other trypanosomes. Vickerman

(50, 51) showed that Salivarian trypanosomes have a dense

compact surface coat twelve to fifteen nanometers thick.

Sub-pellicular microtubules-- Hollow sub-pellicular micro-

tubules are found close, but not attached, to the pellicle

(Figures 9, 10, 15, 18, 21, 24, 25, and 26). The sub-pellicular

microtubules are evenly spaced and parallel to one another.

They extend the length of the trypanosome. These microtubules

are found under the surface- membrane of the entire organism

with the exception of the flagellar pocket (Figures 3 and 4).

No evidence was found to either support or oppose the state-

ment of Angelopoulos (4) that the microtubules spiral in a

right handed helix. A group of four microtubules was found

lying near the point of attachment of the flagellum and

associated with the cytoplasmic granular reticulum (Figure 21).

This organelle has been observed in Trypanosoma vivax,

Trypanosoma cruzi, and Trypanosoma congoliense (47), as well

as in Trypanosoma lewisi (1).
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Nucleus and Nucleolus-- Both age groups, treated and

controls, showed similar morphology of the nucleus and

nucleolus (karyosome or condrosome). The nucleus is sur-

rounded by a double membrane (Figure 3, 4, 5, 9, 10, 23, 24,

25, and 26). The previously demonstrated differentiation

of the nucleoli between the three..day and ten-day forms of

Trypanosoma lewisi (1) was not apparent between the seven-

day and fourteen-day forms, and both show nucleoli comparable

to the ten-day form.

Flagellum, Basal Bodies, and Flagellar Pocket-- The

outer membrane of the flagvellum is continuous with the cell

pellicle (Figures 1, 2, 11, and 12). Within the flagellar

membrane, the axoneme consists of the familiar nine plus two

arrangement of microtubules (Figures 21 and 22). The outer

nine are composed of two tubules fused with lateral arms

(Figure 22). The outer nine extend into the cytoplasm to

form the first basal body (Figures 1, 2, and 12), and cross

sections at this region do not show the central two tubules.

There is a transitional zone from the base of the nine outer

tubules to the kinetosomal plates where the two inner tubules

arise. A dense attachment zone is found where the flagellum

attaches to the flagellar pocket.(Figures 2 and 11). This

attachment zone extends the length of the cell, attaching

the flagellum to the cell surface (Figure 21). The central

tubules seem to originate at the two kinetosomal plates

(Figures 1, 2, and 12). The central tubules are single



12

are single microtubules (Figures 21 and 22). There is a

transitional zone from the kinetosomal plates to the termi-

nation of the first basal body (Figures 1, 2, and 12).

A dense paraxial rod originates at the level of the

axoneme proper (Figures 21 and 22). This structure lies

between the tubules and the attachment of the flagellum to

the pellicle. It is composed of fine fibers grouped in a,

more or less, random manner. The paraxial rod runs the length

of the flagellum.

The second basal body or centriole lies closely associated

with the first basal body and many times at right angleas to

it (Figures 1, 2, and 11). This basal body does not give

rise to a flagellum.

The flagellar pocket is a deep bulbous infolding of the

surface pellicle. The lining of the flagellar pocket is con-

tinuous with the cell membrane and flagellar membrane (Figures

1, 2, and 11). No pellicular microtubules were observed in

the flagellar pocket, and no evidence of pinocytosis was

found in this area.

Kinetoplast-- No difference in kinetoplast structure

was noted between the seven- and fourteen-day-old parasites.

There were also no differences between those treated with

sodium salicylate and controls. The kinetoplast is a double

membraned kidney shaped structure (Figures 1, 2, 11, 12, and

16). It occupies almost the entire transverse dimension

of the organism. It is located in the posterior portion of
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the cell and is perpendicular to the long axis of the cell

(Figures 1 and 2). The kinetoplast is seen in many sections

as connected to the mitochondrion. At its point of attachment

to the mitochondrion a slight constriction is evident (Figures

1, 2, 11, and 12). A dense folded fibrous structure occupies

the entire length of the kinetoplast (Figures 1, 2, 11, and

12). This structure has been shown to be deoxyribonucleic

acid and stains positively with Fuelgen and Janus green (10).

The kinetoplast appears to be cupped about the origin of the

flagellar microtubules, but at no point does it touch the

flagellar structure (Figures 1, 2, 11, 12, and 16).

Mitochondrion-- A long and sometimes branching mitochondrion

runs the length of the entire cell (Figures 5, 9, 10, and

15). The mitochondrion is a double walled structure with

cristae appearing to be embedded in the matrix (Figures 5,
9, 15, 19, 20, and 27). More advantageously sectioned cells

show the cristae to be outfoldings of the inner membrane

(Figure 15). The cristae are similar to those found in

metazoan cells and are unlike the tubular cristae found in

many protozoans. The mitochondrion sometimes extends to the

nuclear region and ends in a large spherical swelling

(Figures 16 and 17). The fourteen-day organisms showed a

more elaborate system of cristae than did the seven-day-old

ones (Figures 16 and 17). The fourteen-day organisms showed

showed more numerous and better developed cristae (Figures 9

and 15).
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Golgi Aprtis-- Seven- and fourteen-day-old parasites

both treated and control groups, showed a well developed Golgi

apparatus (Figures 1, 2, and 9). The Golgi system was found

slightly anterior to the nucleus. Treated and control seven-

day-old organisms exhibited a compact lamellar arrangement

with some small vesicles (Figures 1 and 2). The fourteen-

day-old organisms exhibited larger and more numerous vesicles

associated with the Golgi apparatus (Figures 16, 24, and 25).

The large vacuoles or cisternae found in the fourteen-day

trypanosomes may be aggregations of these vesicles that have

coalesced to form the large vacuoles or cisternae.

Cytoplasmic Membranes-- A granular endoplasmic reticulw

was found in all organisms observed. The treated and control

groups of the seven-day populations showed two systems of

granular endoplasmic reticulum. One system ran anteriorly

close to the periphery of the cell (Figures 1, 2, 3, 4, and

9). It consists of three to five layers of granular endo-

plasmic reticulum arranged in a compact manner (Figures 4 and

5). In cross section, these are seen to be arranged in a

concentric manner with the outermost layer close to, but not

associated with, the cell membrane. One area is always asso-

ciated with a quartet of sub-pellicular microtubules near the

flagellum as described with the sub-pellicular microtubules

(Figure 21). The posterior granular reticulum is not as

pronounced or as highly organized as the anterior reticulum

(Figures 1 and 2).



Fourteen-day populations of Trypanosoma lewisi show a

less highly organized granular reticulum (Figures 24 and i).

The lamellar arrangement is still present, but the orderly

concentric arrangement is not as pronounced. Both treated

and control groups showed what may be pronounced cisternae in

the granular reticulum, .but the controls showed a tendency

toward larger and more numerous cisternae (Figures 24, 25,

and 27). In some cases the cells exhibited a "fish net"

appearance due to the cisternae (Figure 23). What appear

to be free ribosomes were seen in the cytoplasm of all cells

examined.

Cellular Inclusions-- Two types of inclusion bodies were

found in Trypanosoma lewisi. Dense bacilliform granules are

found in the anterior and posterior of the organism (Figures

5, 9, 10, 19, and 20). They are enclosed in a single membrane.

The interior of these granules is a homogeneous amorphous

dense material (Figure 14). These inclusions were found in

seven-day and fourteen-day populations and in both treated

and control groups. Their numbers seem to show only a very

slight increase with age.

Volutin granules (multivesicular bodies) are found in

the post-nuclear region (Figures,5, 6, 7, 18, and 19). They

are oblong and surrounded by a definite dense membrane

(Figures 1, 2, 5, 6, 7, 18, and 19). Within the membrane are

approximately ten spherical bodies. These bodies show a

denser outer layer and a much less dense inner core figuress
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6 and 13). Volutin granules were found in seven- and fourteen-

day controls but were most numerous in seven-day trypanosomes

whose hosts were administered sodium salicylate. Seven-day

controls sectioned longitudinally showed ten to fifteen

volutin granules, while seven-day salicylate-treated trypanosomes

simlarly sectioned showed thirty to forty volutin granules.

There was an increase in number of three to four fold in

seven-day salicylate-treated groups over those in seven-day

controls. Many times the posterior of the treated organisms

was completely packed with such numbers of volutin granules

that other cellular elements were excluded (Figures 3 and

20). The fourteen-day treated trypanosomes also showed an

increase in numbers of volutin granules over controls but

not the dramatic increase found in the seven-day forms.

The differences are briefly summarized in the following

tables. The organelles that are altered are easily seen to

be the mitochondrion, Golgi apparatus, granular reticulum,

and volutin granules.
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Figure 1. Trypanosoma lewisi, seven-day-old control. Anterior

granular reticulun (gr), Golgi apparatus (G), dense

granules (dg), and volutin granules (vg) are present.

Kinetoplast (K) below the flagellum is attached

to the mitochondrion (M) and a narrow attachment

area is seen between the them. X 34,116.
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Figure 2. Trypanosoma lewisi, seven-day-old control. Golgi

(G), kinetoplast (K), and mitochondrion (M) are

visible. The flagellum is embedded in a flagellar

pocket (fp) and the attachment zone (az) is seen.

Both basal bodies are exhibited (bb, and bb2
The transitional zone (tz) originates just below

the kinetoplast (kp), with the axoneme (ax) above

the kinetoplast. Kinetoplastic fibers (kf) are

dense .striations. Cristae (cr) are seen within

the mitochondrial matrix. X 48,868.
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Figure 3, Trypanosoma lewisi, seven-day-old control. Oblique

section in the posterior region. Cross section

through the flagellum (F) and flagellar pocket.

Uniform layers of granular reticulum is present

(gr). Mitochondrion (M) extends through the cell.

The nucleus (N) is evident with a densely stain-

ing nucleolus (nu). X 22,425.
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Figure 4. Trypanosoma lewisi, seven-day control. Oblique

section in the posterior region. Golgi (G),

mitochondrion (M), and layered granular reticulum

(gr), are evident. The nucleus (N) and nucleolus

(nu) are easily identified. A nuclear pore (np)

is indicated by the arrow. X 37,056.
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Figure 5. Trypanosoma lewisi, seven-day-old sodium salicylate-

treated. Oblique section through the posterior

region with the nucleus (N), nuclear pore (np),

and nuclear envelope (ne) easily seen. Several

well defined volutin granules (vg) are found

together. X 29,000.
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Figure 6. Typanosorna lewisi, seven-day-old sodium salicylate-

treated. Oblique section through the posterior

region with the mitochondrion (M) and its cristae

(cr) easily seen. The mitochondrion* is, a double

membraned structure. The pellicle (P) is easily

seen. Volutin granules (vg) are aggregated in

this region. Each volutin granule consists of

smaller vesicles enclosed in a single membrane.

X 75,000.
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Figure 7. Trypanosoma lewisi, seven-day-old sodium salicylate-

treated., Longitudinal section through the posterior

region. An elongated mitochondrion is present.

Numerous volutin granules (vg) are packed into.

the posterior end of the cell. X 35,OOO.
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Figure 8. Trypanosoma lewisi, seven-day-old sodium salicylaten

t.reated. Longitudinal section through the posterior

tip of the cell. Surface fibers (sf) are seen at-

tached to the cell membrane. Volutin granules

(vg) are packed densely into the tip of the

cell. X 183,000.
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Figure 9. Trypanosoma lewisi, seven-day-old sodium salicylate.

treated, Oblique section through nuclear region.

A nucleus (N), nucleolus (nu), and nuclear pore

(np) are evident, Pellicular microtubules (pm)

are just below the surface membrane. Elongate

mitochondrion (M) and dense granules (gd) are

present. A well developed Golgi apparatus (G) is

near the kinetoplast region. X 3h000.
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Figure 10. Trypanosoma lewisi, seven-day-old sodium salicylate-

treated. Oblique section through the nuclear

region. Nucleus (N), and nucleolus (nu) are

present. Dense granules (dg), granular reticulum

(gr), and pellicular microtubulem (pm) are

evident. A long and branched mitochondrion

(M) is seen winding across the cell at this

level. X 32,340.
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Figure 11. Trypanosoma lewisi, seven rday-old sodium salicylatef-

treated. Cross section through the kinetoplast

(K). The flagellar pocket (fp) is evident with

the se cond basal body (bb2) nearby. A dense

band of kinetoplastic fibers (kf) forms a band

across the kinetoplast which is connected to

the mitochondrion (M) by a slight constriction,

x 56,000.
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igure 12. Trypanosoma lewisi, seven.day-old sodium salicylate-

treated. Section through the flagellar pocket (fp).

A dense attachment zone (az) between the flagellum

and pellicle is evident. The area below the

kinetoplast (kp) and within the first basal body

(bb1 ) is the transitional zone (tz). The

kinetoplast (K) is seen to have cristae (cr).

X 140,000.
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Figure 13. Trypanosoma lewisi, seven-day-old sodium salicylate.

treated. Cross section through a single volutin

granule. A dense membrane enclosed approximately.

ten vehicles, The vesicles have dense outer

margins and less dense. interior.

x 535,000.
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Figure 14. Trypanosoma lewisi, seven-day-old sodium salicylate-

treated. Cross section through a single dense

granule. A dense amorphous interior is enclosed

in a dense single membrane. X 330,000.
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Figure 15. Trypanosoma lewisi, fourteen-day-old sodium

salicylate treated. Cross section through the

mid-region. Horseshoe shaped mitochondrion (M)

with cristae (cr) fills the cell. A pellicle

(P) with surface fibers (sf) encloses the organism.

Sub-pellicular microtubules (pm) are present.

x 84,360,
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Figure 16. Trypanosoma lewisi, fourteen-day-old sodium

salicylate-treated. Oblique section through

the posterior region. A kinetoplast (K) with

kinetoplastic fibers (kf) is present. Numerous

volutin granules (vg) are near the kinetoplast.

A Golgi apparatus (G) with many large vesicles

is evident. A large bulbous mitochondrion with

many cristae is found in this region. X 52,000.
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Figure 17. Trypanosoma lewisi, fourteen-day-old sodium

salicylate-treated. Oblique section through

the region of the nucleus (N). The nucleolus

(nu), flagellar pocket (fp), and attachment zone

(az) are easily seen. A large bulbous mitochon-

drion (M) is near the nucleus with granular

reticulum (gr) nearby. X 31,O5O.



044.

9

*

- 4 IT

- *1

4k8



Figure 18. Trypanosoma lewisi, fourteen-day-old sodium

salicylate-treated. Oblique section through

the posterior region. Granular reticulum (gr)

is arranged in layers. A long mitochondrion

stretches across the cell. Numerous volutin

granules (vg) occupy this region, with several

dense granules (dg) present. X 27,600.





Figure 19. Tpanosoma lewisi, Fourteen-day-old sodium

salicylate -treated. Oblique section through

the posterior region. A pellicle (P) with

sub-pellicular microtubules (pm) is fairly

near a long mitochondrion (M). The volutin

granules (vg) are seen here in greater detail.

X43,700.

.
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Figure 20. Trypanosorna lewisi, fourteene-day-wold sodium

salicylate-treated. Longitudinal section through

the posterior region. Numerous volutin granules

(vg) are seen packed into this region. Surface

fibers (sf) are clearly seen on the pellicle.

X 141,360.
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Figure 21. Trypanosoma lewisi, fourteen-day-old sodium

salicylate-treated. Oblique section through

the mid-region of a cell. The flagellum

displays central tubules (ct), peripheral tubules

(pt), paraxial rod (pr), and a flagellar membrane

(fM). The flagellum is attached to the pellicle

(P) by a dense attachment zone (az). Sub-

pellicular microtubules (pm) and surface fibers

(sf) are present. The flagell.a associated

reticulum (far) is seen closely associated with

the sub-pellicular microtubules adjacent to

the flagellum. X 231,800.
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Figure 22. Trypanosoma lewisi, fourteen-day-old sodium

salicylate-treated. Cross section through the

free flagellum. Two central tubules (ct) are

surrounded by nine peripheral tubules (pt).

The peripheral tubules are composed of two fused

tubules with two lateral arms. The paraxial rod

is also present. The whole structure is enclosed

in the flagellar membrane (Pm). X 44.3,000.
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Figure 23. Trypanosoma lewisi, fourteen-day old control.

The nucleus (N) with a dense nucleolus (nu) is

in the center of the cell. The mitochondrion is

large and bulbous. Pellicular microtubules (pm)

are found just below the pellicle. The granular

reticulum shows large cisternae (cs) in this

region. X 43,000.
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Figure 24. Trypanosoma lewisi, fourteen-day control. A

large cisternae (cs) is evident near the nucleus

(N). The mitochondrion (M) with well developed

cristae are present. Sub-pellicular microtubules

are also present. X 43,OO00.
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Figure 25. Trypanosoma lewisi, fourteen-day-old control.

Granular endoplasmic reticulum (gr) is arranged

in lose layers, with a large cisternae (cs).

present. Sub-pellicular microtubules (pm) are

clearly visible. X 59,200.
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Figure 26. Trypanosoma lewisi, Fourteen-day control. Cross

section through nuclear region. The nucleus (N)

with prominent nucleolus (nu), nuclear pore (np),

and nuclear envelope (ne) is present. The

pellicle (P), sub-pellicular microtubules (pm)

and surface fibers (sf) are present. x 104v,0O0.
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Figure 27. Trypanosoma lewisi, fourteen-day control. Cross

section through the mid-region. Granular

reticulum (gr) is arranged in layers with one

large cisternae (cs) present. A mitochondrion

(M) with well developed cristae (cr) is present.

A Golgi apparatus (G) with many large vesicles

lies centrally in the cell. X 51,000.
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DISCUSSION

In order to minimize misrepresentations due to artifacts,

sections were cut from several preparations of each group of

organisms studied. The results were constantly compared with

published results from studies on other Trypanosomatidae.

The death of rats that were infected and which received

sodium salicylate was consistent with the results reported

by Ormerod (31).

Differences in the ultrastructure of Trypanosoma lewisi

in this study can be the result of two factors; (1) the growth

stage of the organism (seven- or fourteen-day-old) or (2)

the administration of sodium salicylate to the host. Changes

found in the controls and treated parasites can safely be

attributed to the growth stage of the organism. Changes

found only in the trypanosomes whose host have been administered

sodium salicylate must be due to the sodium salicylate or

the effect it has on the host which is manifested in the

parasite.

Previous investigation showed a larger nucleolus in

the young (three-day-old) Trypano soma lewisi(l). This

larger nucleolus was not found in the ten-day-old organisms,

indicating a change in morphology between three and ten days

of growth. This morphological change must occur before

seven days of growth since no outstandingly noticeable

74



differences between nucleoli were observed in this study.

In the same previous study a differentiation between

mitochondria was noted. The three-day-old forms exhibited

a less developed mitochondrion with fewer cristae than the

ten-day-old organisms. This change of morphology was not as

dramatic between the seven-day-old and fourteen-day-old trypan-

osomes in this study. This also indicates that the shift in

morphology takes place before or at about seven days of growth.

No discernable difference was found among the pellicles'

of the seven- and fourteen-day-old trypanosomes, salicylate-

treated or controls. All the trypanosomes examined showed

a sparse surface coat which is less dense than that found in

other trypanosomes (50, 51). Evidently there is no visible

change in the pellicle or surface coat of Trypanosoma lewisi

during the course of the infection or any induced by sodium

salicylate. Changes in the antigenicity of the organism do

appear throughout the infection (17), but they are not man-

ifested visibly by changes in the appearance of the trypanosome's

surface coat.

The Golgi apparatus was a prominent organelle in both

seven- and fourteen-day-old trypanosomes. No difference be-

tween the control organisms and those treated was found. The

fourteen-day-old trypanosomes exhibited a Golgi complex that

seemed to be in an extremely active state (Figures 2L4, 25,

and 27). The large vesicles exhibited by these cells could

possibly be coalesced to form the large vacuoles or cisternae
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present in this stage. Secretion is in an active state in

these adult trypanosomes. The nature of the secretions is

still obscure. The fact that these cisternae are found in

control organisms indicated them to be a natural product and

not due to the sodium salicylate.

The granular endoplasmic reticulum in both seven- and

fourteen-day-old trypanosomes indicates active protein synthe-

sis. The granular reticulum in the fourteen-day-old trypano-

somes is probably producing a protein that is being concen-

trated in the Golgi apparatus (16). The more orderly arrange-

ment of granular reticulum in the seven-day cells suggests a

more active state of protein synthesis at that stage.

The dense granules found in the cytoplasm of Trypanosoma

lewisi have been compared to lysosomes and resemble hemosiderin

and other blood degradation products (3). These dense granules

probably play no part in the immune response since their

numbers stay relatively constant throughout the course of

the 'nfection.

The inclusion bodies referred to as volutin granules

and first described in protozoa by Berghe (9) were found to

be present in the post-kinetoplast region of both seven- and

fourteen-day-old trypanosomes. Their numbers increase dramati-

cally when the host is administered sodium salicylate.

OrMerod (30) studied the relationship of the volutin granules

to the formation of antibody in Trypanosoma lewisi. He found

that when the crisis was inhibited with salicylates and



77

splenectomy of the host, the number and density of volutin

granules increased q.s examined by light microscopy. He Also

found that immunizing properties of suspensions of developing

forms with multiple inclusions were greater than suspensions

of adults with a single inclusion. The accumulation of volutin

granules precedes the crisis due to the first trypanocidal

antibody. The question remains are the volutin granules re-

lated to the antibody ablastin or to one of the trypanocidal

antibodies, and further do the volutin granules stimulate an-

tibody production or perhaps vice versa? Their appearance

in greatest numbers at the time of the appearance of the

reproduction inhibiting antibody seems to suwgest that the

volutin granules are related to that antibody. Saul and

Becker (39) showed that reproduction continued as long as

salicylate was administered, but that the overall numbers of

parasItes decreased due to the trypanocidal antibody. Ormerod

(30) showed that volutin granules, as observed by light micros-

copy, increased in numbers when ablastin was inhibited. The

conclusion must be that any connection between formation of

inclusions in Trypanosoma lewisi and antibodies which pre-

cipitate the crisis, is not because the antibodies produce

the inclusions since inclusions develop readily when antibody

formation is inhibited (at least ablastin is inhibited).

The inclusions are evidently produced in the natural

course of the trypanosomes growth which is cut short by

ablastin. When ablastin is not formed the organisms continue
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to reproduce and form volutin granules. The trypanosomes in-

crease in numbers until the appearance of the first trypano-

cidal antibody. If the first trypanocidal antibody were a

response to the forms with multiple inclusions, then that

would account for the fourteen-day salicylste-treated trypan-

osomes showing fewer volutin granules. They would have fewer

volutin granules since the ones with multiple volutin granules

were being selectively destroyed. Total numbers of trypanosomes

would remain high since reproduction would still be uninhibited.

This seems a reasonable hypothesis since Ormerod showed that

forms with multiple inclusions are the more antVgenic cells

and give greater protection from a subsequent challenge when

introduced into uninfected rats.

That the volutin granules are associated with the repro-

duction inhibiting antibody ablastin is doubtful since they

increase in numbers when ablastin is absent. The formation

of the volutin granules is probably associated with the for-

mation of the trypanocidal antibodies. In a normal infection

their appearance stimulates the production of the first try-

panocidal antibody that causes the crisis. The few remaining

trypanosomes, which Ormerod stated had a single inclusion,

would elicit the formation of the second trypanocidal antibody

that terminates the infection.



SUMMARY

1, Administration of 60 mg of sodium salicylate on

days two through eight aftev 
infection with Trypanosoma_

lewisi caused highly increased parasitemia 
and usually death

of the host.

2. No differences between nucleoli or mitochondria were

found between seven- and fourteen-day infected rats as were

found between three- and ten-day trypanosomes in a previous

study. This indicated that a shift in morphology comes be-

tween three and sdven days of growth.

3. There was an increase in volutin granules of three

to four times in seven-day-old salicylate-treated trypanosomes

over seven-day controls, but the fourteen-day-old trypanosomes

had only a few more volutin granules than fourteen-day controls.

14. The conclusion is offered that volutin grAnuIes are

not linked to the first antiobody (ablastin), but that they

may be associated with the formation of the trypanocidal

antibodies.

____ ____ ___79
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