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" g . . ABSTRACT
‘A modified medium for the in Xiérg'cuftivation of
trypanosomes\has been developed. The mediﬁm comprised
‘7 of Eagle M1n1mum ‘Essential Meaium (MEM) base and various
" components of medium 199,.not found in MEM.__E,Q. brucei
_T.b. gambiense, and T. vivax were grown in“modified
medium ME-99 and in four other media (RPMI 1640, MEM,
BCM and 199) for culturlng trypanosomes., The growth
survival and 1nfect1v1ty of . these para51tes were compared
in these medla, as well as in ME-99. - T.b: brucei was

grown over Baby Hamster Kldney (BHK) cells in MEM and

supplemented w1th various anlmal sera (horse, mouse,

A t'-_and féetal calf serum) as .well as Nu-Serum (an artificial

medium'suppiement): The effects of theﬂvarious sera and
. the Nu-éerhmﬂom.the-CUIture system were compared.
uParasites orewfbest in medium utiilzing Nu-Serum, were
" still infective to mammalian hosts and ould be sub-
o ~ cultured. No-sarum was,foano to be a suitable replacement
. for.the traditiohai.animal.sera USed in-cuitore.. This
art1f1c1al supplement is 51mple; low in- prote n content
and makes results easily reproducible ‘and con51stent.

After - the exposure of,a-monomorphio'slender

T.b. bracei to thé Nu-Serum cﬁlture; they were. observed
o r;;\};"r;J;EEeS’tSg;”i“e;;;;g{»?;}:_&;};;f‘i"';“;sf noticeable.
that Nu-Serum was re5p0n51b1e for thls phenomenon, _

Cat blood and cat embryo fioroblast—like cells have
been isolated. T.b. prucei, T.b. gambiense and T. iiiéi‘

. were cultivated over these new cell lines, as well as other’

1
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cell lines for comparative purposes. An attempt at
culturlng trypanosomes axenically was made.- This new
system grew the parasites but not- as well as the cell

systems.

Blood stresm forms of T.b. brucei were grown over

"BHK cells in MEmeith QeriOUS'COncentrations of anti-

protozoal drugs, such as metronidazole, chloroquine and
mefloquine. Drugs inhibited the multiplication of the
parasites EE.EEEEQ; The,least'effective‘iﬁ'XiEEQ concen-
tretion for netronidazole and ohloroddine'were 0.003 mg/ml
and 0.0024 mg/ml reSpectlvely and for mefloqu1ne 0,002 mg/ml.

Groups of female mice were treated w1th 2 of the drugs

(metronldazole and chloroqu1ne) 1nd1v1dually at 24, 48

'and 72 hours after T.b. erFEl 1nfect10n. Each of the

drugs, when admlnlstered once to four tlmes daily} was
observed to reduce the numker of paracl,es in the mloe

but did not effect a cure they prolonged the surv1val

perlod of the anlmals. A dlfferent case was obtained with
mefloqu1ne and when th:s was admlnlstered dally at 0.03 mg/kg
body weight for ‘4 consecutive days a permanent cure was
recorded. ‘The combination of metronidazolej(o;i mg{kg)

and chlorpquine-(o;QB mg/kg) . gived daily_for similar

number of days, cleared the parasfteS'from the blood'streéma

" No trypanosomes were'detectod in these mlce for 90 days

-and over,

-Mice inoculated with parasite—free culture medium
contgining a combination of both drugs (chloroqu1ne and

metronldazole) at the _above’ concentratlons, confer

L]

fa
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protection against infection by trypanosomes “for 14 gays.

Alaos, mice inoculated with parasite-free culture medium
containing mefloquine elone‘af_QFOOQ mg/ml confered %

protection against subsequent infection for more than

4 months. Individdallyf'metrehidazele and chloroguine
did not eonfer such prccectien. Mice inoculated with
washed trypcnosomes from cultures contalnlng a comblnatlon
of metronldazole and chloroqu1ne, vere proteeted agalnst
1nfectlon for 3 weeks.

(3

‘Mice initially inoculated with_pre—treated and

washéd trypanosomes from drug combined culture medium,

and later glven a comblnatzon of both drugs 1ntraper1—

| toneally, were protected agalnst lnfectlon for a perlod of _

Mice injeeted'wifh'0;03.mg/g mefloquine for 3 days

consecutively were protected against subsequent T.b.

brucei infection for 90 days and over.
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- vector (Glossina species). So far there is no intra-

CHAPTER 1

GENERAL. INTRODUCTION

,Trypanosomiasis is a gerious, frequently fatal- -

disease caused by parasites of the genus Tyypanosoma.

Various species of the parasite infect domestic livestock,
wild animals . and man. The most 1mportant spec1es in terms

of economics are those whlch affect cattle in Afrlca,'

namely 3 T. vivax, T. congolense and T.b brucei and the
two’ subspecies which cause human sleeping sickness,

namely, T.b 'gambiense and T.b. rhodesiense. There is

T. cruzi, which is South African in origin, it also

Fe

affects humans.

fTrypenosomes are highly complex parasites.’ They

pass through several dlStlnct stages in the course of -

-+

-. their llfe cycle (Plate 1. 1) and have developed effectlve

mechanisms for gurvival in thelr tse~tse fly vectors and

! .

mammalian hosts. SN

|
A1) MORPHOLOGY AND LIFE CYCLE OF TRYPANOSOMES f
le

The 11fe cycle of Afrlcan trypanosomes is comp]

~

and ihAvolves at least 5 dlfferent developmental stages

(Plate 1.1) - in both the mammalian host and insect’

ee}@uleg'Qeye}ppmegyey etage§4involvediin the life cycle o

. but i, bruceli from whiph_z:;b. rhode51ensepahdr{ hbe‘mcagﬁkﬂa;_

gambiehse are believed to have evelved, infects the

T o _
blood and tissue fluid of mammals (Losos and Ikede, 1972).
A
f

;

/
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When = parasites are taken by the insect vector with
a blood meal from a mammalian host, the pard51tes multlply

for 10 days in the posterlor section of the mid-gut of the

fly as trypomastlgote forms. At the end of thls perlbd

these long slender trypomastigote forms migrate through the
fore-gut (12-19 days) to. the oesophagus,pharynx.and
hypopharynx and then enter the salivary glands of the .
susceptible.fly. Once ih,thelsalivary glands, the slender
feqms trahsforﬁ_into the epimastigotes. These epimastigotes
in turn.differentiate into the short stumpy forms called

the metacyclics trypomaétigote§ (Plate 1.4). These metaey—_

clics do not'multiply,and they are the only forms .infective

“to mammallan hOSts, and only at thlS stage does the 1nsect

vector become 1nfeet1ve (vickerman, 1965). The short

stumpy'meéacyclic trYpeneéomes lack free flagella. 1In the

mammalicn host, o T. brucei multiplies as’ trypomas-

"tigotes in the blood and 1ymph, although boltys and - Woo

(1969, 1970) reported multlnucleated and amastlgote forms

in the Spleen_of experlmentally %nfected animals. he

occuppence of amastigotes and multinucleated forms of T.D.

.

- brucei in the host was confirmed by Woo  and
Soltys t1969); " who found them in the lumen of a

choroid plexus vessel. . The pafasites-invade all organd, =~

_'startlng from ‘the blood and lymph

The life cycle of Lhe.para51te is cohpleted when an

infected fly feeds on the infected mammalian host,
i

(ii)  ECONOMIC IMPORTANCE

,',"

‘ "Human Trypanosomiasis:

This disease lowers the productivity in infected



"
'
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A

people and if.left untreated for a long time,. depending

!—'i

orn- the 1nfecilng species, causes mortality.

The other facto*s to coneend w1th are costs of treat—

ment (drugs and hOSpltal facilities of infected individuals),

" cost of maintaining surveillance groups (labour and

,equﬁpment).to examine people in high risk areas; at regular

intervals.

Animal Trypanosomiasis:

' The major economic impact of African thpanosomiasis
is in ¢attle production and the Countries mostly affected

are those with the least number of Veterlnarlans { Braend,

1979) However, the full economlc concequences of trypano—

somiasis go far beyond figures on dlsease occurrence or
livestock mortality. In aregas affected by the disease, it
is diffieult fer Lne' local farmers to keep llvestock at all.
There are often very few dairy or beef cattle, and nol
draught'aﬁimals to carrf loads or help farmers produ;e
eheif-trops; " . ;l' ;5' "._ o f
Other economi.c problems are B
(a) Meat and dalry products have to be 1mported They-
are generally more expensive consequently, and less
readlly avallable to the populatlon. - \ - '.__;...
fﬂ}_.The 1mportatlon of meat and dalry products, may
affect the financial reserves of the country and
- 1ts balance of trade with the neighbouring countzles.
fThe other factor is cost of treatment, the plannlng

and executlon of controe of the insect vector.' For'instance,

the clear;ng of bushes uhlch harbour the -vectors, 1is an
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expensive venture. Also, the use of insecticide requires

manpower, ‘which may cost a lot of money. Use of insecticides

~may make the tse-~tse flies more chemlcally resistant (Had]uck 1981

thereby making it imperative for more and more insecticides to be

used before a good result is achieved. This may also be
rather expensive, and {j& insecticides, though important,
may give rise to environmental hazards.

Scientists have been working for decades 1in order to

develop effective, economic and safe ways to protect‘liveQ.‘

‘stock and people against trypanosomiasis. The task proved

extremely difficult. Yet, glven ‘the wide prevalence of the

‘disease and its major economlc importance, the potentlal

reward for success is enormous. -

(111). Pathoqene51s

i Trypanosomes live 1n the blood épleen, cerebrospinal

flu1d and lymph nodes of the vertebrate hosts.

i

Animals like hqfses, mules, dogs, and some ruminants,

experience the acute disease and may survive from 5 days.

to 4 months, and die thereafter. Symptoms observed in
these animals include aneemie, fever, running nose and eyes,
and oedema. Paralysis due to eeﬁtral'nervcus system
involvement, occurs shortly before deeth. Cattle‘often
survive for up to several mohthg after the onset of disease

before they dieﬁwhefeas pigs almost always recover from the

“infection.

In man, the infection caused by T.b. rhodesiense and

T. b. gambiense starts with a small sore or chancre at the
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site of inoculation of the parasite and disappears after

a whilel(i - 2 weeks). The organisms muitipiy fast and
cause parasitaemia, while invading almost all organe of the
body. |

T.b.rhodesiense causes an acute illness that results

in faster death as opposed to infection caused by T.b.

—

gambiense, ‘where a chronlc pattern is observed and drags

on for qu1te sometime (several months - a year) before

death ensues, In patients sufferlng from this

‘dieease, ‘the lymph nodes become swollen and

PO |

is located below the skull id the ‘neck region, and is kpown

"as the "Winﬁerbotﬁom's sighh.

. 'secondary infections like other parasitic_infections.

T.p. gambiense invade the central nervous system and

-

leads to comatose ‘state which glves the disease the name

”slemplng 51ckness" Thls 15 because, the patient sleeps

even yhile standing or eatlng. then times, death occurs

from other compllcatlons associated with the disease.

These include malnutrition, pneumonia, cadiac failure,

(1v) Epldemlology and Control '

Factors respon51ble for the transm1551on of trvpanoso-
miaeis varies locally, siqce it depends on the coincidence
of the parasite and the suitable vector species being |

available at the same tlme and. the habits of the human

”populatlon which is likely to brlng them into contact with

tse~tse flies because of the non- unlformlty in the distribu-

tion of sleeping sickness in the tse-tse fly belt of Africa.
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However, various tse-tse flies are restricted in certain
foci., For instance, the Ugandan shore of Lake Victoria

and the Niger-Benue confluence and most parts in the North

of Nigeria, harbour T. b. rhodesiense and T. b. gambiense
respectively.

‘The vectors ofj&ﬁpgambiensérare found at the riverine, -

moist_and shady areas while vectors of T.b.rhodesiense and

T.b

Jbrucei are found in the open dry earth.

H

'Majority of infections with trypanosomes are zoonotic

in origin, though there may be important circumstances

where man-~%to-man transmission has developed. For instance,

in blood transfusion (Gutteridge, 1985).

Presently, control of African trypanosomiasis is still

@inadéqugte (Williamson, 19?0;‘Meshnick5 1983}, partly because

' d . . .
antigenic variation of trypanosomes in mammalian blood has

!

;ﬁéde ali aﬁtempts at iﬁmunization in the field impossiblé'
[ . . /-’ . . .

/ ' : P . ,
-/ (Hadjuk, 1984). However, vaccine development in the field

is underway (W.H.O., 1984). )
The controi‘p;ogrammes so far employed include

chemotherapy, eradication or control of the insect veétor

with ingecticides, and chémoproph?iaiis (Meshnick, 1983).'

So far the results of all these programmes have not been

very satisfactory. The reasoﬁs are based on the fact that

~ the more than 20 species of Glossina responsible for the

‘transmission o% the disease are adapted to a wide range of
habitats, hence tﬁis-also accounts for the widespread of
the disease. |

© S0 many problems aféfassociatea with the control

measures presently in use. These are :

e R




(a)

(b)

(c)

o

11

Prugs available for the Lhemo+herapv and. ChcmOwnwnn;fnunn~~
prophylaxis pf this disease are very expensive, and
sometimes repecated therapy is necessary while diagnosgis

iQ essential to ensure correct aﬁd adequate thérapyo

When certain drugs fail, trials of other trypanocides

" may be necessary.

Incorrect treatment may lead to drug resistance and

moreso when éntitrypanosomal drugs available in the

xmarket presently are llmlted {(W.H. O.,'1984)“

Howcver, in some, parts of ngﬂrla, Zambia, Botswana

eradlcation of the disease has proved successful

'(McLennan, 1981) . But the . efvironmental hazards

created by use of some of these 1nsect1c1des are nOL

kY

-~

to be 1gnored.

So far, there are no vaccines currentiy in use for
. / : S - . : _
prevention of this disease (Hadjuk, 1981). Therefore, chemo-

prophylaxis is phe.most common method currently in use

(Toro et al, 1983). Recently, many investigators
—— Ve .

have dirc their efforts towards developing a

o~~~
d v [ A et e R

~
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vaccine against African trypanosomiasis as one of the L

control measures (Mﬁrray et al, 4979, 1980). Their

-

attempts were unsuccessful bccauqe of the mammallan

blood pala51tes ablllty to change thelr surface coats

(antlgens). Hence, these_trypan@somes evade the hosts!

immune response by antigenic variation

(Tuner, 1983; Vickérman, 1974) and the

heterogeneity of_metacyclic'variable antigen types

(Barry et a1¢., 1979;Nantulya et al., 1983) .
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PLATE 1.1 b THE VARIOUS DEVELOPMENTAL STAGES OF
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TRYPANOSOMES‘INITHE INSECT VECTOR
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LITERATURE REVIEW

The need to.cultivate trypanosomnes in vitro has been
‘ a'long_standing requisite for the following reasons:

(a) For the maintenance of parasites without using an-
animal model (Balber, 1983; Brun et al., 1979;
Hirumi?et al., 1977).

(b) For olagnostlc and chemotherapeutlc purposes
(RaetheL and Seldenath, 1984; Seebeck and Gehr, 1983;
erth and Klerszenbaum,-1985)f

(¢} For experimental stuéieé rEIafed'to'bicchemistry""::”

| ‘(Grady et al, 1984);'fér immunologic studies (Jenni
and Brun,ri981, 1982; Doylé et al,, 1979; NyindoAand
Rurangirwa 1981), and for the biological studies of
i the paras tes (Brun et al., 19845 Hirumi and Hirumi)
| 1984 Joshua and Kaylt 1984).

The necessltyforcultlvatlng cell s/parasites in

e

has rece:ved much attentlon a,

na resulted in an
enormous amount of published work (Berens et al.,
' 1976; Cross and Maﬁning, 1°73).

The first medium produced for the in vitro cultivation
of trypanosomes atlll remalns w1de1y used. This 1s.the
so—called NNN medlum (Novy, Nlcholle and McNeal 1903).

'This is a blood agar medium with & liguid overlay, and

has been exben51vely used for the growth of both ster-

corarian and salivarian trypanosomesw Earlier media used for
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in vitro cultivation of trypanosomes (Novy. j_al,,1903;w%-mWL“.,

Tokie et al, 1950; Weinman, 1953; pittam, 1970), were

mostly diphasic, and the limitation of their use in

" experimental procedures caused by the complexity and

\undefined components are enormous (Cross and Manning,

1973; Dixon and Williamson, 1970). More-defined or semi-

defined media are now available for the cultivation of

.‘trypanosomes (Cross and Manning, 1973; Berens et al, 1976).

This advancement in iﬂ vitro cultivation .of trypanosomes
has énhaoced_the~undsrstanoiﬁg of the nutritional requlre—.
ments and the biochemical make-up of the parasites.

The oommérclal auailabillty”of‘tissue culture media = -
has led.to the development of highly effective culture
hedia {for growth of trypdmastigotes. One such msdium,

known as H¥-12 (Cross and Mannlng, 1973) is based on the

. 1

tlssue culture 199, with commerc1ally avallable salt

“solutions, amino acids, hepes, caesin hydrolysate and

© vitamins. “ﬁnother;of'such'medium is known as HO-MEM

A0 7 Mla 3 w0 e W2 L. 2 e cacame. AT L2 ¥ g,
R LITL D dlisur bl LD VEL Y Crlicoludy FIR W

o

[ ]
Utoa

'cultlvatlon of L donovanl promastlgotes as well as Costa

Rlcan straln of_g: cruzi.A The -HO-MEM medium is based on
'the Eagle's Minimum (MEM) with éommerclally available \
salt solutions, MEM amino acids and non-essential amino
acids. The possibilitiea offered by chemlcally defined
medla 1n quantltatlve reSearches, the unlformlty and tbe
ablllty to reproduce sxp@rlments stimulates a more
Jntense research aiming towards an eqtabllshed clearly

defined med;um for cell cultures. .Recently, Seebeck and

'Kurath'(1985)'developed‘two simple chemically defined media
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that s@its the need of the biochemist;”“TﬁéY“Wef§“éblé“
to maintain . T. b. brucei in these media, and

the media also made it easy for anyone ;E the compgnents

to be deleted or'replaced. However, 1like many of the

other chemically defihed media. (Seebeck and Kurath

1985) media did not sﬁpport parasite bewth or cell
mutiplication. In Fhis case, there is gtill a need for

the development of a chemically'defimed medium or a

system thaﬁ will grow and-maihtain tfybéhosomes continhoﬁsly.
™ N Partially succeésfullatéempts at cultivating tryban§;
somes in vitro using mammalién cells as feeder layer was
méde.by eaflier investigafors tLe:Page,”1967; Hawkiné,
.1971). In‘fhé last degade; Significant advances havé..
. been made in cultufing';arious parasites; in the case of
'trypanosomes, the . most guccessful method% to date have
”anO]JEd co-cultivation. of par351teo together with some
supportive cell of mammllan orlgln (Hirumi EE_EL 1977} .

These 1nvest1gators used bovine fibroblast like cells

as feeder layer iﬁ Rosswell Park Memorial Institute

medium (RPMI 1640), supplemented with foetal bovine SErUM. - - oo

in order to grow-and maintain T. brucei of

various stock, in contiﬁuous culture for long periods cf
time. This system made cloning possible (Hirumi,

1979). Doyle g_t___a_l’ (1979), studied the antigenicity

of the para51teg in this system. Even thoughrthe i, b.

brucel 5427 used by Hirumi and.his co-workers (1977a) has

lost the ability for cyclical transmission, it was possible

+ a1
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to cultivate it over other mammalian cells (Hirumi

‘et _al., 1980; Brun et al,, 1979; Hill et al., 1978a,b). -

However, all the tissue culture gystems so far develcped

have utilized mammalian cells belonging to bovine (Hirumi

‘and Hirumi, 1982, 19845 Gray et al., 1979, 1981, 1984)

and rodents (Hill et al., 1978a,b; Brun et al., 1981)
group of animals. 1In view of this, the need arises to

raise other cell lines, for instance from carnivores;

_to make for variety.

There are several. problems encountered with current

iﬂ_g}tro culture systems. The problems are as follows:

(a) The system almost alway$ requires use of animal

"

cells and/or sera. Animal sera has been shown to.

cause inconsistencies 'in laboratory experiments and
! N i '

also;make results non-reproducible (Ham, 1971).

{b) Setting up the culture system is cumbérsome and

requires a lot of time.

Ade i A m srAemes s s e S e
Fhha oL W b VAR Y e Ao viT e

-
8
Ay

The. g
(d) The results.are'not.conS;stent; and
(£) ~Toxic.metabolites'emit .from the cells and pose
~ serious problems in é%periments (Duszenko et_al.,
1985; Brum and Jénni;_1985).
fherefbré, a system that eliminétes the feeder layer .

cell requirement and with the animal.serum replaced by

~an artificial medium supplement, 'will prove very beneficial.

‘"The study of suitable agents for chemotherapy of
African trypanosomiasis haé been on the increase in

recent times (Balber, 1985; Urich and Cérami, 1984,



g Mgshnick, 1984; Nathan et ati, v1984).m.Howeverymtherel~¥~~www%w—
. ' - have not been much progress in that area . and results

has not been consistent. For instance, Jennings gg;ng

(1983,. 1984) and Raesther and Seidenakh (1983), repérted the

. efficacy of metronidazole and some okther imidazoles in
- i .

Te b- brucei exp rimental infections, while
Keithly and Langréth (1983) reported the inefficacy of the

same druge. .

From the foregoing it.is'evident that more research
effort is indicated particulérlf with regards to tﬁe in
X;ggg-culfivation of the.parasites in large_quantities
andioﬁ a gontinuous baéis; péraSite materials for
research would be ensufed.' |

o L ; This study is desighed to :

ﬂ?"' | . T(a)_ compare the various culture media presenﬁly in use

N _£é cuiture Trypanoséhes-iq_an attempt Eo develop a

mediﬁm thét will.ﬁe‘ﬁostisuitabjé for use in
‘culturing various species of African trypanosomes.

{b) find a replacemeht-fér animal serum in the cultivation
of trypanosomes, so as to eliminate the problems
encountered with tge animal sera.

(c)"rgise a new cell iine frgm-a carnivore, so és to.
make fof variety of Celi lines to choose from, . and
to see if cells from a carnivore will grow the
parasites better than that of‘bovine and rodentia,

o I alréady in use.

(d) culture parasites axenicaiiy in an attempt to

-eliminate use of cells and avoid problems caused by

the metabolites emitted from the cells during mitosis,

-

-
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. and to provide useful material for vaccine production.

. ' s (e} test the existing and newly synthesized anti-protozoal

o

drugs and study the possibility of using them, as
trypanocides rather than look for new drugs,

since it is unlikely that drug firms are going to.

produce new trypanocides due to their limited market.
(£) study in vitro and in vivo effects of Metronidazole,

Chloroquine and mefloquine. The studies will
' concentrate on the infectivity levgi of cultured

T. b...Qgggg; “and - will determine the

stage at which the drugs are effective, as well as

. the duration of protection it might confer on mice
againét infection,.

v . (g) determine if the drugs have any synergistic effects,

¥ " .7 so that one may noﬁ_need to give high doses  of

" these drugs in order to- achieve a desirable thera-
peutic effect.

(h) determine thé:possibility of attenuating the parasite

virulence in drug tested cultures, for possible. use

as prophylactics. .
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" CHAPTER 3

-

COMPAKATIVE STUDIES COF ITHE FOUR

/ MEDIA FOR THE IN VITRO CULTIVATION .

OF TRYPANOSOMES
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ABSTRACT

Ayt

Tour media.already in use for the in vitro
cultivation of trypahosomés (Eagle #™Minimum Esscntial
Medium, Tissue Cgltuge Medium 199, Bégél Culfure
Medium (BCM), and Roswell Park Memorial Institute

Culture Medium 1640 (RPMI 1640) were employed to grow

the Nigerian strains of T. b. brucei, T. b. gamiziense,

-and T. vivax to find cgut which is best suitable for

their growth and infectivity.
It wés found that MEM ga#e the pest result¥since
parasites grew:best in this medium and maintained

their infectivity longer in it.

f’.-

i



CHAPTER 3

INTRODUCTTION —

“In the early Century, all media employed for the

,in vitro cultivation of trypanosomés did notlutilize
. mammalian or insect cells (Novy et al, 1903; Tobie et =al,
1950; Weinman, 1953; Pittam, 1870). These media were
'mOStly'depEésic (blood agar base, with a liquid over lay),
and the limitation in experimehtal procedures caused by
their complexity and undef ined components were enormous
(Cross and'Maﬁning, 19735 Dixen énd Williamson, 1870).

More defined or Sem;~defiped media are now available for
the cultivatibn of trypanosomes tCross and Manning, 1973;
Berens et al, 1976). This‘édvance;ént in in Vitfo' |
cﬁltivation of trypénosomes,,has enhanced the undgrsfandingl
of the nutgitional ;equiremenfs and the biochemical make
up of the parasites. HoWevgr, these @edia are still |
fraught with complications'(stéiger and Steiger,'1976).

For insténée, most.of tnem have probilems in the malntenance
ofrparasites and growth at_tiﬁes becanme inconsistentf
in Cfoés and Mannings (1973) HXA semi-defined medium,
cell yields were never more'%han 5 x 106 parasites/ml
culturg medium and thelmedium cculd not

maintain T. b. brucei adeguately. For the HX~12 defined

il

medium of Cross and Manning (1973), there were lots of

a

inefficiencies in the maintenance of -the parasites for

the parasites could not be subcultured. In this :

[ TR
HX 12 gefined medium, more than one subculture was

impossible, and cultures were non-infective to mice
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after 3 days.

Seebeck and Kurath (1885) recently developed two

simple chemically defined media that suits the need of

the biochemist. They were able to maintain T. b. brucei
in these media. The megdia élso made it easy for any

‘of the: components to be deleted or replaced. However,

these media did not support parasite multiplication.

Therefore, -a medium or media that will grow and maintain.

most T. b. bru CPl stocPs and .species is still needed.
The aim of this study is to grow the 3 Nigerian

Species of African trypancsomes (T. b. brucei, T. b.

gambiense and T. vivax) in various culture media namely:

Rosewell Park Memorial Institute 1640 medium

(RPMI 1640).
Mlnlmum Ess entlal Medlum (MEM}
Tissue Culture_Medium 199

Baéal Culture;Medium {BCM)
A1l of the

. S I0m LR

(Industrlal Avenue, Canada) in powdar form and made up

accordlng to Manufacturers' 1nstruct10ns (see Materials

and Methods).

Parasites were grown in these media in order to

fihd'out which culture medium or media will provide the best

growth of the 3 épecies of trypanosomes.

o AN YR LT
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MATERIALS AND MESTHODS

.. e e e e e SRR U

MATERTALS -

- i

parasites : = T. b. brucei stmsin 8/18, T.b. :
gambiense, and T. vivax, were obtaimed from Nigerian gy
: E

Institute for Trypanoscmiasis Reseawch (Center (NITR}, Vom.

. : ‘ _
The parasites were maintained in allbime mice, by serial .

e

passage, at the Departments of Medicrqall Microbiology and

.Parasitology and Pharmacology (Chemeoiiimrapy Unit), College

of Medicine of the University of Lazgos.

Media : RPMI 1640 B .
BCM |
MEM i N
.199 )

The above. media were obtained either #irom GIBCO,
Sussex, England or GIBCO, Industrial /Avenue, Burlington,
Ontario; Canada.

The media came in powder form and were made up as follows:-

e,

. MINIMUM ESSENTIAL MEDIUM (MEM)

RN g s i e g e - AT o e R I DO R PR T T
e R e o e TR R G T i s 5 b e s v o i, stomt b i

R N

To make up 1 iilre of Eagle Minkmwin Essential Medium,

95 ml of double_distilled water was measured out, into a

mixing container, that is, as close to the final vclume as

possible. MEM powder 10.7 g was-weighed out and added to

[y

S Sl

A

water at 20°C and gently stirred. Sodium bicarbonate Eﬁ
: : 3
: . A
(NaHCO,) 0.35 g was added. The volume of the medium was: gg
then made up to 1 litre, with double :distilled water and 'ﬁ
, 2

11

R A
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the mixture was stirred until all trabé$'gl”hplutes'WEre
completely diss lved. The pH of the medium was adjusted

to 7.4 agnd flltered. The medium was sterilized and stored

untii needed.

MEDIUM 199

To make uﬁ 1 litre of 199, 95 ml ofdéouble

.distilled walter was measured out, into a mixing container,
that is as close to the final volume as possible.
Medium 199 powder 9.9 g was added at éOdE.and gentif
stirred. NéHCOé powder, 0.35 g was added. The volume
of the mixture was thenjmade up to 1 litre with double

! distilled watér and the mixture was stirred until
completely dissolved. The pH of the medium was

‘adjusted to 7.4, filtered, sterilized and stored until

needéd.

ROSWELL PARK MEMORTAL INSTITUTE 1640 MEDIUM {RFMI 1640)'

This medium was made up. the same way MEM and 199

were made un. However, 10 a of the medium powder was

used.

BASAL CULTURE MEDIUM {(BCM)

The method for making up BCM is the same as above,
and 10 g of the medium powder used.

Other Tissue Culture Materials

) 2 .
Plastic nunc 25 cm2 or falcon flasks 25 cm obtained
from GIBCO. Foetal calf serum (FCS) obtained from GIBRCO

énﬁ'wés stored in the freezer in the laboratory at - QOC.
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kExamination of cultures was carried out urwng anerted
phase contrast mLCLOSLOpL«
: : Counting of parasites was done by using Coulter

Lounter (Coulter Electronics Model 43I, aperture at 70 um)

Or New Improved Neubauer hamocytometer.

METHODS . . -

Igo%ﬁtion of Mouse Kidney Cells

Mouse was andesthetlved the chest and abdomen were
sterillzed Wth 70% alcohol. Blood was obtained from the.
mouse by cardlac puncture. Thé apdominal cavity was cpenead
and the kldnovs exc1 ed and pladed in a sterile petri-disn.
The kidney were dissecteg out, the capsules along with the =~
‘connective tissdes and medullépy tissues were discarded.
-The cortex of each kidnéy“ﬁas then minced into 4 mm cubes
and,phosphaté buffered saline added. when the fragments
had settled, the supernatant was discarded. The washing
w1th phosphate buffered sallne was carried out 3 times.
‘Tryp51n, 0.25% was later added and the mixture Stlrred
'; ‘gently for 10 minutes. The fragments were allcwed to
."settlemonce more and the supernatant dig cérded.w Fifty

mlllllltre of froah (.25% trypsin was again added to the
flask containing the chopped mouse kldrey. The mixture
was stirred with the aid of a magnetlc stirrer for 2 hours,
S until full dlgestlon was achieved. Growth medium MEM
.supplemented.W1th 20% foetal calf serum was added in order
to stop digestion (that is, trypsin action). Straihing of

cell suspension was done through sterile muslin to remove

R T TR ARG g TR R R R IT T P T ey e et e FIETL N s tae " e - e TR 5 P e e e e e L
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‘coarse tissue debris, and the filterate was c@nfrlsuged

at 300 rpm for 10 minutes to deOblLH cellb. The uPPOblted
cells were resuspendea in MEM. Counting and seeding'into
25 cm tissue culture plastic flasks at 105 cells/flask

was carried cut.

Isélation of Parasites from Mouse Bloodand

Inoculation of Cultures
The method useéd for the isolation of trypanosomes
from mouse blood is a modification of that of Hirumi

et al (19;7) In this method the medium employed was

MEM instead of RPMI 1640, and the serum used in

oupplument;ng the cultures was ' Nu-Serum instead of foetal
calf seruﬁ. MlCG wers inoculated 1ntraper1toneally Wlth
1nfected blood d11uted w1th phosphate buffered saline '
(pbs) from an infected animal.

To determlne the degree of parasitaemia, animals

“were bled by the orbltal sinus puncture and microhaema-

tocrit centrifuged method (Weo, 12697 was used. Wet

e T Ty A e ™
e AL HEE RO i 1 G
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instances. Syringe rinsed with citrated saline (anti-
coagulant) was ﬁsed toltake blood‘froﬁ the éeart of  the
infected mouse and pléced in a centrifuge tube. The
blocd yas iﬁmediately centrifuged at 900 rpm for 10
minutes. The buffy iayer COﬁtaining'%he trypancsomes
was transfefred to a fresh ﬁentrifuge tube and mixed
with an equal gmount of PBS and centrifuged at 1,400
fpm fgr 20 minuteé; The trypanosomes formed a white

pellet at the bottom of the centrifugse tube. The upper
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solutlon was dl:Cdded and Lhc paraoztcu o re wash»d

T - - -

3 times with PB5 and by sequential centrifugation at

1,400 rpm for 20 minutes each time. The pellet was then

suspended in Bagle MEM with 5% foetal calf serum (FCS).
3 . . . ,

About 107 parasites were inoculated into each culture

flask containing 5 ml of medium and mouse kidney cells

were employed as monolayer. Cultures were examined

everyday under inverted phase contrast microscope.

-

Trypsinization of Cells

The media in the culture flasks were decanted and

_ 2 : : - e o
trypsin/em” cell monolayer was added to trypsinize the

‘cells. It took about 5 minutes for most of the cells

-

to completely detach and round up. MEM was then added

to re-susgpend the cells. The cells were later counted

"and seeded into fresh culture flasks with 5 ml of medium.

Counting of Cells and Parasites

the cells rinsed with pbs solution (pH 7.2). Cold Ocllhl'

The counts were carried ocut by using a Coulter counter

with aperturp at TO‘Pmo In some cases, counts were done

using the new 1mproved Neubauer ha mocygometer. employlno

the methqd for white blood cell cauni. Prior to the

routine application of the electronic counter, a number

of counts were made in comparison wiith the counts made
with a haemocytometer. The settings were chosen so as

to facilitate accurate and reproducile results.

Mo e B P B e g S ML e w L e R S abd Ry T [ T B T (LS £ e ] P £t Py AR I AP S e T % AR Bt et . A eomrm s e e
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Preparation of Rlood Smears

This blood smears on microscopic slides were made from

-

infected animals and of flagellates from cultures

after centrifugation. The smears were fixed in absoclute

-alcohol for 10 minutes; air dried and dippéd in 10%
‘buffered formalin for 10 minutes ({Woo, 1969). They were

then stained for 40 minutes in Giemsa (Gurr Improved

R66 GIBCO, Sussex, England). The slides were examined
under oil immersion objective (X 100) and photomicrographs were

taken with Zeiss photomicroscope.

Infectivity Tests
varipus hedia were inocuiatéd into+5 groups of anima}é
containing 6 mice each

(a) MEM + MK cells «+ 26% FCS

(b)  M199 + MK cells + 20 FCS .

(c)  BCM + MK cells + 20% FCS

(d) © RPMI 1640 + MK cells + 20% FCS

(e) - Mouse Kidney cells + 20% FCS (control).

The study was carried out in duplicate.

RESULTS

GROWTH OF T.B. BRUCEI, T.B. GAMBIENSE AND T. VIVAX
IN THE FCQUR MEDIA TESTED

T. b. brucei

The results are summarized in Tables 3.1, 3.2 and

Figures-3.1 and 3.2.
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‘From the investigation it was found that T.b

~ brucel
. i 2 .
grew best in MEM. A marked increase (2 x107 parasites/ml "
culture fluid) in. the number of parasites between day of
inoculation (day 0) and day 2 (Figure 3.1l)was observed. There-

after, there was a gradual but steady increase in the number of

‘parasites uptill day 10, following yhich the number of

parasites in the culture remained constant untill day 16,
‘ 10

when the number slightly increased to 2 x 10 {Table and

Figure 3.1).
.In tissue culture medium 199 the.péfasites maintained
a gradual but steady increase‘in'growth till day 8.-
Betwgen day 8 and day 10, no increase was observed.
However, an increase wag obsefvéd.bn day+l2, and no increase
was recorAea until day 16,‘When a maximum parasite‘coﬁnt.
of 2 x 109 was pbserved (Table-3.1).

.Engo brucei growth in BCM was poor as compared to

the growth of the same parasitefin other media tested.

. . ' : 6 '
A maximum parasite count of 2 x 10 was recorded on gay 8.

" Thereapfter there was a decline in the narasite count to

2 x 10° on day 10. The number remained constant at this
level until fhe.experimgnt was terminated. ... ... . .. .
In RPMI 1640 hedium, T.b. brucei maintained a steady
growth;from day 2 up till day 8-when a maximum parasite
count of 2 x 107 (Table 3.1) was recorded. After that,
the parasite number réﬁained constant until the end of

the experiment.

_2}2. gambiensé

The growth of this strain in the various media is

summarized in Table 3.2.
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i
In MEM, the parasites grew exponentiallyﬁbetweeﬁ

‘ . . . R, . 3
days 2 and 4, with increase in parasite number from 2 x 10

iy
to 2 x 107

{(Tabhle and Fiqure 3.2). Later, the parasite
number increased gradually until the 8th day. From day

8 until the experiment was terminated, T.b. gambicnse

‘humber in MEM remained constant (Table and Figure 3.2).

rm——

~In 199,~the parasite increased gradually wuntil the 8th day

.when the parasite did not increase in number further,

but remained constant until the 16th day when the experiment
was terminated. o

The parasites wés observed not to grow well in BCM,
although? there was an iﬁcrease in parasite number betwesan

day 2 and 4 (éfter a latent period of 24*hours), the number.

of parasites thereby remained constant for sometime

"betwaen day 4 and day 8. However, from day 10, a steady

decline in the parasite numbér was cobserved unt%l'day 16
when no iiving tryﬁanosmg was recorﬂed.

in RPMI 1646, the paraéiteVCOUﬁt‘increased markedly
from 2 x‘1b3 on da§ 2 to 105-on day 4. 'Tne number remained
constanf‘from then on, tili day 8 and thereafter, a slight
decline in the parasite-éoﬁnf from.2 x'lO5 to 2 x 104 cn
day 10 was obtzined. . The parasite number then remained
constant at é x_\“lO4 from day 16 till the end of the
experiment. -

Tsble 3.3 summarizes the result observed in the growth

of 1.-vivax in ﬁhe four media tested.
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T. vivax grew Lest in MEM as compared to the rest of

’

the media tested. fThere was a gradual increase in the number

3

-of parasites from 2 x 107 to 2 x 10b, between day 4 and

.day 8. From then on, the parasite number remained constant

£ill the end of the experiment.

L}

In the medium 199, T. vivax maintained a constant number

——

of parasites (2'x,103) from cay 2 to day 6. However, the

. : . 4 - :
- parasite number increased to 2 x 10 on day 8 and maintained

this level until day 16.

ot

For the BCM, the parasites number rose to 2 x 10° on

day 2 with a slight decline to 103 on day 4, and a further

1 _ :
fall to 107 on day 6. Thereafter, nec living parasite was

observed till the termination of the experiment.

' In the.ﬁpMI 1640;-th¢ parasite number increased from
1O3rto 4 % 1&3 on déy 2. Thé number rewmzined cgonstant
until day 8 when an increase from 2 x 103ﬂt0'2 % 104 was
obserﬁed. Although.the number remained constant st

2 x,lO4 for a period of 2 days, a decline from day 10 in

‘the number of parasites was noticed until the 16th day when

no living trypancsome was recorded in the culture.

‘Table and Figure 3.3 shows that T. vivax multiplied

at the same rate in all but one of the media up to the

- 4th day of chlture. The cultured -parasites in

BCM started declining in number from the 4th day with no

.survivor on day 8. However, the cultured parasite in

RPMI 1640 andri99 maintained the original coustautc growth
rate for another 2 days after day 8, after which the

parasite remained constant in MEM. It was not until day

.12, that a decline was recorded for the parasite grown
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in RPMI 164C. The decline in number coﬁtinued until day.

14 when the parasite died out in the cul ture. Cn the first
4 days of lag phase, there was an increase in number for
the following 4 days before the growth remained constant

till day 16 when the experiment was terminated.

IVFTxTIVITY e T.B. LRUCFI T.B. GAMBIENSE AND T. YTVA

4 g Ay A= s e & e ——

_lN THE FOUR MEDIA FOh IN VITRO fUTTIVAMFON O” URYPAHQSOWES

T b. brucei from all the media tested was infective
to mice for as long as the experiment lasted (Teble 3.4
and Figure 3.4).

T vpanosoma brucel gamolenso, altimsugh infective in

some media, the 1nfect1v1ty d1d not last till the end of

the e xperlment.: For 1nstance, in MEM and 1929, the

.”

infectivity of T be. oamblense was lost “Ftem day 8 (Table

3.4), while the infectivity in RPMI 1640 was lost after

day 4. The parasite cultured in BCM was not infective

“to mice.

Pl

T. wvivax was iﬁf ctlve only in MPN and 199 althcough

the Lnfect1v1ty was lost after day 4 in those two mecia’

(MEM and 199). - o P

DISCUSSION

It is evident from the result of this study that of

all the 4 media‘tested, MEM géve the best result in terms

of growth response for all the.parasibes cultured in vitro.

‘A similar conclusion had been reached by Tanner (1980) and

Brun et al (1981) Brun et al (1981} showed that MEM was

-oUPEllOf ‘to other tlS:UE culture media like RPMI 1640 while
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.Tanher (198@), a year-earlier, reportedﬁfhﬁﬁvﬁPMI 164:
- ¢+ alone did not allow mapinterance of blood formg.

Although, i99 has been shown to contaln lower con- '
centrations of vitamins (Cross and Manning, 1973) which
bave i>zen shown to ke essential for growth of.certain
mamﬁalian cells (Eagle, 1955), the results obtained proved
£hat 199 1is equally'a good medium for the growth of the
parasites. The interpretation that can be adduced, is
that the‘ratios of various amino-acids,contained_in_the‘
medium, méy possibly play a role in determining the success
of any CUltﬁrQ system., PRasal culture medium (ECM) gave £he

poorest‘result'in the cultures empioyed, in terms of

'papasitefyield”and infectivity'which is in conformity with
the work of Tanner (1980). RPMI 1620 has been shéwn'té béw

é Qerf good medium for érypanosome cultivation (Hirumi EE@EL
:1977} howevér, we found that this medium did not’pegform

well as reported by Hirumi et al (1277), Dovyle gg_gl_ﬁ1979),
Land Brun et al (1979;. A pdssiﬁle reason for the‘discripancy

PR oo 41, [ 'rl - 1 , AN e ) ,‘\.‘. P e ! [ S
/ Hay e Lidt vhe miegauis UREFPFL 108U WOl Uy supbol v uil

m

growth of the specific strain of trypanosme that is, T. b.

brqui stock 427 used by the above-mentioned authors. This

contention is-supported by - the ocbservation that the parasite,
- T. b. ggucei-stock 427 has lost the ability for cyclical

changes (Hill et-a{, 1978). Such changes in the strain

" of the barasite might have been reflected in tﬁe g:owth
'chﬁracteristics of the parasite in culture.
Frbm-the outiook, T. vivax which is the mest difficult
of the éalivarian trybanosameé to'culture, provided the best

growth result in MEM. In BCM, T. vivax died after day 4

(Table 3.3). -

.




It is gifficult té_find an explanation gs?to whyi;ome
parasi&es were not infective in some of thé meéia within
the limits of these experiments. . '
The growth pattern of T. vivax in the four media is
of interest. TFor the first four days of in v'{ro cultivation,
the paraslte malntained a constant growth rate, -albeit at
a low 1eve1 in the four media. This seems to suggest that
the nutriené fequireﬁent of the parasites are the same in
the four media. The decline in the growth rate of the
parasite gfown in BCMrmay be due to exhaustion of nutrients

in the medium and/or of accumulatlon of metabolic waste in

the medium whlch may have become toxic to the parasite. In the

”manner, the sudden increased gxowth rate of the parasite

N

in MEM, following a lag perlod of 4 days might be that in

thls partlcular medlum a lag period is necessary for the
trypanosomes to adJust to the medium and w1thout-wh1ch the
parasite could not increase.

From the results-of this,sfudy, it appears there is

1)

s 11T Lvaen T e h I T ot v P
Lol TUrCur media to LI il v

7}

a bethr growth of the paraolte. Attention will be devoted
to this asp ct of in vitro Cultuvation of the trypanosomes

in the following chapters. .
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- 'TABLE

. 4 :

3.1

COWPARAT;VE 3TUDISS ON THE CROWTH oF TRYPANOSOMA . BRUCET

< K

TRYPANOSOMES

BRUCEI IN FOUR GROWTH MEDIA FOR THE IN VITRO CULTIVATION Or

Medium -~m§;itéiitﬁzgc;%ETé, Numpber of Para51;es Harvested/ml culture fluid
?ant i Day 2{ Day 4‘Day ©|Day 8iDay 10| Day 12! Day 14{bDay 16"

MEM 1032 2x10° 2x10° 12x107 |2x10° 2x10? 2x10° |2x10% i2x1010 |
199 10% 2x10% | 2x10° |2x10%2x107 {2x107 | 2x10% | 2x10% [2x10%

i :
BCM 107 2x10% | 2x10% |2x10°|2x10% {2x10° {2x10° |2x10% |2x10°

. . :

RPMI 1640 107 2x10% | 2x10° [2x10% 1 2x107 | 2%10” 12x107 ox107 oxio’
| | B §

.

LE
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COMPARATIVE STUDIES bN THE GROWTH CF TRYPANOSOMA BRUCET

GAMBIENSZ IN THE FOUR MEDIA FOR THE IN VITRO CULTIVATION OF TRYPANOSOMES

Medium

Initial inoculum/ | _r.;,_hlumber of Parasites Harvested/ml culture fluid
Sml culture fluid : : . - B .
count e Day 2| Day 4 Day 6| Day 8| Day 10} Day 12 Day 14} Day 16
5 7 7
MEM 103 2x10° | 2:10° | 2x10% | 2x107 | 2x10” | 2x10’ | 2x10” | 2x10
: . a -
1989 103 2x103 2><1O4 2><105 2x106 2x10:_) 2x10" 2x106 2x10
BCM 10° 103 71 2x10® | 2x120% ] 2xa0% | 2x10° | 2x10® | 2x10’ -
. 3 3 5 5| . 51, 4 4 4 4
RPMI 1640 10 2x10! 2x10 2»107 | 2x10 2x10 2x10 2x10 2x10

R

513



-TABLE 3.3

COMPARATIVE STUDIES ON THE GROWTH CF T. VIVAX IN THE
FOUR MEDIA FOR THE IN VITRO CULTIVATION OF TRYPANOSOMES

Medium Initial inoculum/ Numper 6f Parasites Harvested/ml culture fluld
5ml culture. medium S | 5
count Day 2| Day 4 {Day 6 : Day 8 | Day 10! Day 12 Day
. —
_ : o 4 5 5 5 ;
MeEM : . 103 : 2><10'3 2x103 2x3i07 ¢ 2x107 | 2x10 2:{10:) 2xA0
N . . B
. ) \"-. ‘. - 1 A 1
199 . 103 2x103 2x’l‘03 2x103 2)(’10’Cl 2><104 2:(10L .2><‘10Lb
BCM P 107 | 2x10° | 2x10° | 2x40" - - - ~
‘ . . - | i
) A L - ; : 3 4 1
RPMI 1640  *| - - 10 2x10° | 2x10° | 2x10° | 2x10% | 2x10% ! 10 | 10t
. ; ) ; ¢
| f f

6E
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TABLE 3.4

INPECTIVITY OF T.B. BRUCEI, T.G. GAMBIENSE

AND T. VIVAX CULTURED IN THE FOUR MEDIA

DEGREE OF INFECTIVITY

Days Post initiatlon of culture

Media/Paranite pay 2 4.0 6 8 10 12 14 16

MEM/T. brucei ;. R + + + + .+ L+ +

MEM/_E‘R. gambiense | + + + + - - - -

MEN/T - vivax e
199/T.b. brucei 7 — 4. % + + N - + .

199/T.b. gambiense o+ e + - R R

199/T. vivax . b o e e - - -

RPMI 1640/T.b. brucei PSR T +

'RPMI 1640/T.b. gambiense + 4+ - - - . = - = -

RPMI 1640/T. vivax” R -

BCM/T.b. brucei ° . o+ o+ + + +
BCM/T.b. gambiense e - - o e e

BCM/T. vivax ; fe e = - - - - —

. = Patentr

~ = _non-patent
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' : CHAPTER 4
.
. A MODIFIED MEDIUM (ME-99) FOR THE
IN VITRO CULTIVATION OF TRYPAIIOSOMES
.i

A o et by o s, - reamr . o e o s —_—



ABSTRACT

A modified medium ﬁME—99} for the in vitro

cultivation of trypanocsomes has been developed.

.The medium comprised Eagie MEM as a base and

various components of medium 1292 not found in
MEM. T. b. brucei, T.b. gambiense and T. vivax

weére grown in ME-99 and variocus other media combinations

such.as MEM/RPMI 1640, MEM/BCM, MEM/19%, RPMI 1640/BCM,

RPMI 1640/199, BCM/199. Growth and infectivity of

these parasites viere compared in these medla and

ME-29.
g

" parasites 9rew better and maintained their

infectivity better in the ME-99.
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CHAPTER 4

INTRODUCTION

Media used for the in vitro cultivation of trypanosomes
requires either whole or haemolysed red blood cells on
biphasic slants or in monophasic media, Although the

blood based media have been widely used to support the

it

cultivation of nypomastigotes for many of the studies

on the bioéhemistry énd immunoleogy of trypanosomes, most’

of these media are noted to have serious deficiencies

which limit,their application to these areas (Hendricks

et al, 1978). These incluae éultivation of the parasites:
with antigens derived from erythrocytes ,inconsistent growth
of different spec1es and strdJns of Lrypanosomes, relatively

low yields of organisms,and rate of parasite differentia-

tion, It has been_shown'that the rate of differentiation

_of circulatiﬁg blood T.b. br uceli. Parasites from rapidly

dividing slender forms to intermediate and stumpy forms

™7
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growth rate and the klnethu of host antlbody responses

(Sendashonga et al, 1982).

T. vivax causes disease in livestock and is,

_ therefore,.of con51derab1e eﬁonomlc importance in Africa.

Whereas, the 1n v1tro cultivation of T. brucei and

I. congolense have recently been achleved (Hirumi et al

1977, - Hlll et al, 1978; Brun et al, 1981; Gray et al,

1981), attempts to cultivate animal infective'l. vivax

have been relatively unsuccessful (Trager, 197%; Isoun et ail,

1974). Rats are usually refractory to infection with

g = o e e i s ~
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L. vivax. Hence, minimal research has been carried cut B
‘u ' - oh lt.

g 7 Even though so much work has been done ori the in vitro

%

cultivation of trybanosomes using various media, the
problem 5till remains Lhat the media so far deve]oped have
~not been pdrtlculnxly suitable for cu}Lure of the African
strains of Lrypanosom@ » and have also not bheen suitable
for growth, :Si,u:vi\,ral,r and infecti#ity of T. vivax.

The aim of this study is to de»elup‘a mediunm thqt is
best suitable for the growth of Arrlca (Nigerian)
trypanogomcs with respect to duration of centinuous culture,
yield. of iarge quantities of taé parasites with retained

1 infectivity for long periods of time.

T

-

_h;_ I MATERIALS AND METHGDS

PARASITES

1 bt i - et s ety

The parasites used in these expeleﬂntc were the same
&

as those used in Chapter 3{page 25 )

- METHOD FOR ISOLATION OF MOUSE, KIDNEY €CROLLS

The method of isolation of the mouse kidney cells
/ had been described agbove (Chapter 3 , page 27)

LNOCULATTION OF CULTURES

Same as above (Chapter 3, Page 283

TRYPSINIZATION OF CELLS

o ‘ - Same as abOVG(Chapter 3; page 29)

COUNTING OF CELLS, LIGHT MICROSCOPY AND MAKING OF SLIDES

same gs abové{chapter 3, page 29)
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1

“Preliminary studies were first carried out to test

the underlisted media combinations in order to determine

what will 'give the best result in terms of growth and

infectivify.
(a) MEM/RPMI 1640
(b) MEM/&99‘
(c) MEM/BCM
(d) RPMI 1640/19%2
(e) RPMI 1640/BCM

(£) BCM/199

The cembination of MEM and 199 béing potentially
. good was modified by the deletion and addition of
components and termed'Modified ME-99". The deletion

-and addition are s fcolleows

PREPARATION OF THE MODIFIED ME-99

The modified ME-99 comprised Eagle MEM as base

the various compcnents of 199 not founhd in MEM. The

method involved the preparation of
(a) MEM

(pb) ' the various comﬁonénts of 199

b}

and" -

{(c) mixing the two prepared media in a 1:1 ratio.

PREPARATION OF MEM (Base) -
Five Stock Solutions were prepared

Steock solution 1

'Comgggggg _ - Amount mg/1l
L;Arginin ' ' .s 105

L-Histidine .. : 31



L-Isoleucine
L-Leucine
L-Lysine
L—Methio%ine'

, | L-Phenylalanine
L-Threonine
L;Tryﬁfopﬁan
LmTryosine

.L—Véline

./

L-Tryosine was dissolved in 2 ml

L

distilleqd water ,

+

Stock Solution 2

L-Cystine

This component was made up in distil

Stock Solution 3

L-Glutamine

49

while the rest of the cOmponents

o

-

0.1N

were

10
36

46

hydrochloric acid,

dissolved in

24 mg/1

1ed water;

292 mg,1

This component was dissolved in 20ml distilled water.

Stock Solution g
Folic acid_'
Choline

Nicotinic acid
Panthothenic acid
Pyridoxal
Thiamine

. Riboflavin

mg/lipgg
1

1



3
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1

The above were dissoclved

stook Solution 57

Dextrose

Phencl red

Calcium Chldride-
Pottasiuﬁ chleoridse
Mégnesium sulphate
Scdium chlorids

Scdium phosphate

50

b
t

iy 10 ml bi-distill 'd water.

o a 100

‘e 20
CaCL2»2H20 265
Kcl ' - 400
Mg504n7H20 200
Nacl 6,800
NaH2PO4oH2O 140

The above compounds were dissplved in bi-distilled

'water.

One litre of Eagle MEM was then prepared by adding

_tﬁestock sclutions, 1,2 énd 3 (20 ml each), 4 (10 ml)

“and 5 (100 m.), into a double neck 2 litre flask and

made up te 1 litre to which 10,000 i.u and 10 mag per

litre each of penicillin and streptonycin were respectively

added to the medium. The pH was adjusted to 7.4 with

Hepes.‘ The resulting solution was filtered through

AU ) \ ! o) :
‘millipore and stored at 4°C for use, later.

PREPARATION OF COMPONENTS OF 14199

Eight stock solutions were prepared thus

(1) Stock Solution

-‘Hypotanthing
Thyminé
_Uracii

NH40H (IN)

1 | . mg/litre
.. | 10
.. 10
. 10
.. 0.175 ml

mk.}/llt;re‘ e e .
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The above components were added tc 100 ml bi-distilled =

water and the mixture was warmed (in a warm bath), filtered,

and distriovuted i.to sterile 30 nil containers.,

(2) Stock Solution 2 mg/litre
Guanine - A . 3.0
Guanosine o - .o : 3.0

These two substances were dissolved in 28 ml bi-distiiled
water and 0.1 ml concentrated NH4OH was added to aid
dissolution. The mixture was heated to 1007°C, cooled and

brought up to 30 ml with bi-distilled water.

~The mixture was prepared fresh before use.

((3) Stock Solution3 vl . ma/litre
Biotin - B . 1.0

it was dissol}ed in'7,5 m1-bi—distilled water and Eheﬁ
Oe1 ml dil Hcl was added,_and the mixture was made up

£ 20 ml with bi-distilled water, filtersd and
distributed into 1Q'§£eriie test~tubes (1 ml/test-tube).

. o . O
. Tne tubes containing the mixtures were stored at 47C.

{4} S:iock SIntinon 4 o ' ma/1itre
M N L — e e e

Tocopherol - 1.0
This component was dissolved in 10 ml bi-distlled
water, filtered, and distributed into 1 ml portions

in steriie test-tubes and stored at 4OC.

(5) Stock Solution 5 ° _ mg/litre ¥
Menadione . e 10

This vitamin was dissolved in 10 ml bi-distilled water,

agiltated and left Lo stand for 18 hours at 37%.



.
(6)
. (7)
i :
(8)

(5 ml/bontainer) and stored at 47C.

52

]
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It was latesr filtered and divided into 1nﬂ.portions

. , . . ) O '
in sterile containers and stored at 47°C. !

Stock Solution 6 - ‘ mg/litre
Adenine cw 4.0
Adencsine . - - 4.0

This purine and the gugar derivative yere
dissclved in . 10ml bi-distilled water. The mixture

was filtered and distributed into sterile containers

Stock éolutign 7 . _ _ mg/litre

PjAminoEenzoie,acid" S 5.0

This componént was dissolveqﬂinZO ml bi~distilled_.“

water, filtered and distributed into sterile test-tubes,
o

in 2ml portions. The above mixture was stored at 4 °C

and protected from-light.

b

Stock Solution 8 - : mg/iit{g
Calciterol .. 4.0
Cholesterol R 2.0

The calciferol wasidissolved in 2ml 95% alcchol.
Cholesterol(? mg) was added and the solution was -
thofoughly'mixed. A:sterile magnetic stirrer was -
used for fhe purpose of stirring thoroﬁghly. 3 ml
of 5% tweeﬁ 80 was added and the final mixture was
filtefed and distributed into sterile test-tubes in
bortions of g mi/container. A mixture of i ml pér

litre each of the following was prepared:

{a) serine - (c) Alénine

{b) ‘Aspartic acig (d) Proline; and

(e) Glycine (amino acetic acid}.
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previously welghed and set aside was added.

Stock Sclution ' : Aount
Stock Solution 1L N . ””“"““”tga mi
NaCl : .o _ 80 g
Stock Solution 2 . 30 ml
KC1 _ .o 40 g
MgS04 7.7H20 .. 2 g
KH2PO4 60mg} dissclved iﬁ double

NaHPO4 €0mg} distilled water and made up to 100 ml

White- CaCl 1.4 g dissolved in double (anhydrous)

distilled water and.made up to 200 ml
Stock -Solution 7 o . 2 ml
| Stock Solution 3 S e 1 ml
Stock Solution 8 o ‘o | 5 ml
Stock Solution 4 | .. 1 Ml
Stock - Selution 5 - .. 1 ml

Stock Solution 6 . .. 5 ml

“The volume of the above mixture was brought up to
900 ml‘With bi-distilled water and the mixture of

el ek Rala A e o e a A —~ 3 ~7 3
L Ll g e e = e Chvr Lty ML Qird . g A

The final

mixture of components of Medium 193 was Shaken well and

stored at 40C for 18 hours, to ensure complete disseplution

‘of the cdmponents.- At the end of 18 hours period, the

mixture was removed from ro_temperature and allowed to
return to room femperatu:é. Thereaftér, it was made up
to onejlitre; with aouble distilled water, filtered and
distributed into sterile bottles (100 ml/bottle) and
stored at 40C. The following components were made up

and added before use of medium 199 components.
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L-Cysteine ) e e w7 mg

Glutathione | - 5 mg

These two cémponents were dissolved in 50 ml double
distilled water. Vvitamin A (10 mg) dissolved in 1 ml ethyl

alcohol and tween 80 (5%) 10 ml, were added to the mixture

of L-cycteine and glutathicne. Finally, adencsine

triphosphate 200 mg dissolved and made up to 100 ml with

double‘distilled water; was added Eo the whole mixture.
The mixture was thén filtered aﬁd stored at QOC. However,
the mixture of L-cysteine, glutathione, vitamin A, tween
80 and adehosine‘triphoSphate was made up fresh, just
before use, by adding 100 ml of the stock solution to

800 ml bi-distilled water, 1 ml of the solution containing

“w v,

cysteine, glutathione, tween 80, vitamin A and adencsine
triphosphate. The soluticn was brought up to 1 litré with
bi-distilled water. The pH was adjusted with Hépeg.

The solution was not stofed,for more than 2 montus. .

PREPARATION OF ME-99

ME—99 was found tb be beét when MEM base and 1%9
compbnent were added thug _ |

.In_the tissue cuiﬁure flask, 2.5 ml of Eagle MEM
(already'made up-as described earlier) was added.
To the same flésk, 2.5 ml of 199 components mixture was
added. 20% foetél bovine serum or 10% Nu-Serum was used

as supplement.

INFECTIVITY TESTS

Earésftes from the following cultures, utilizing

the various media combinations and the modified ME-99 were
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inbculated into groups of animals consisting of 6 mice each.
(a)  MEM + RPMT 1640 4+ MK cells + 20% rcs T
(P)  MEM + BCM + MK cells + 20% Fes

(c) MEM + 499 + MK cells + 20% pcs

(d} RPMI 1640 + BCM + MK cells + 20% Fcs -

(e) RPMI 1640 + 189 + MK ceils + éO% FCs

(£)  BCM + 199 + MK cells 4 20% FCS

{g) ME-99 + MK cells + 20% rcs

(h) MK cells + 20% FCS (control)

RESULTS

The results are summarised in Tablcs and Flgures 4.1,

4.2 and 4.3. A comparison of growth and infectivity of

T.b. prucei, T.h. qammlense and T. vivax in the various

media combinations oF the four media, was carried out.

GROWTH OF T.B. BRUCEI IN THE VARIOQUS MEDIA COMBINATIONS

S S ——y
——— e

T.b. brucgg grew hest and maintained its infectivity

in all the various media combinations (Table 4,.1) when

compared'wifhtthe other trypanosome spécies tested.

The pattern of growth of T.b. brucei in the yarioﬁs
media combinations involved a gfadual but steady increase
of the parasitec from Day 2 until Day 8 (Table and Flgure
4.1). The growth of the parasites thexeafter remained

congtant until Pay 16. The 1nfect1VLty was not lost

-throughout the study (Table 4. 5). The maximum parasite

count recorded’ for T.b. brucei in MEM/RPMI 1640 media

combinétions was 2 x'107, MEM/BCM 2 x 106, for MEM/199 it

.was 2 x 109, while for RPMI 1640/BCM it was 2 x 104 and for
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" RPMI 1640/199 a maximum parasite count of 2 x¢108 wa

recorded. For BCM/199, the maximum parasite count

recorded was 2 x 1O6=

GROWTH OF T.B. GAMBLENSE IN THE VARIOUS MEDIA COMBINATIONS -

3 - The pattern of growth of this specie of trypanoscme

in the media combinations involved an initial lég of 96

hours postwiﬁoculation, The parasites did not hegin to
.multiply until the 6th day (Téble 4;2, Figure 4.2).

After the 8th day, Lhe parasite growth tapered off. -There
was no meore growth until the 46th day. However, for media.
combination MEM/19% an increase in the parasite number was

observed on day 2, and thereafter, there was no increase

. in the paraSJte number until day 6 and an increase in -

S

day 8. After the labtex day, increase in par851tﬁ number
tapered off. Ang for media combination RPMI 1640/BCM, a
decr=ase in the parasite number from day 2 to da§ 8 when

increase occurred in the parasite number. Thereafter,

from day 10, the increase in.parasite number bhecame constant:

(Table and Figure 4.2). The infectivity of‘the‘parasite
was lost after day 6 iﬁ all thé_media'combinations except
MEM/199 (Table 4.6). The maximum parasite count observed
in MEM/RPMI 1640 was Q-x 105; for MEM/BCM 2 x 105, for
MEM/1°9 2 x 106, for RPMI 1640/BCHM 2 x 104, for RPMI 1640/

199 2 x 105, for BCM/199 2 x 10°.

"GROWTH OF T.- VIVAX IN THE VARIOUS MEDIA COMBINATIONS TESTED

T. vivax did not grow very well in the various media
combinations when compared with the growth responses

obtalined from 2,2: gambiense and T.b. brucei. The pattern.
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‘Day 2 until Pay 4, when no fuither incrdfsd We's obsérved™ ™~

]
I3

of growth of T. vivax involved a gradual inci ease from

(Table and Figure 4.3). The level tapsred off until Day

i6. The.parasite number decreased in number after Day 6.

However, for media combination MEM/13CM, RPMI 1640/BCHM and
BCM/199 the parasites in the media started dying grom Day 9 and
by Day 12, nojliving parasites'could be seen in the medién.

The maximum paresite coun® recorded fof'g, X&Eﬂiiih
MEM/RPMI 16%0 media combination was 2 x 104, fTor MEM/BCM
2 x 10%, For MEM/199 2 x 107, for RPMI 1640/BCM 2 x 10°
for RPMI 1640/199 2 x 10%, for BeH/199 2 x 10%.

T. vivax in MEM/RPMI 1640 maintained its infectivity

in culture up till Day 12 and lost it thereafter (Table

:4,7), Parasites cultured in HEM/BCM lost their infectivity

-

after Day 10. 1In MEM/19§ the infectivity was maintained
up 'to Day 16. 1In RPMI 1640/BCM media combination,

infectivity was lost éfter 6 days of culturing while in
RPMI 1640/199 infectivity of the-pérasite was lost after

Day 8 (Table 4.7). ~In BCM/199 the infectivity of the

parasites was lost after Day 8.

© - —-Microscopic-examination of‘-the -3 species- of trypanoscme

cultured in medium ME-~99 showed that the morphology of the
cultured parasites (Plates 4.1, 4.2 and 4.3) is identical

to those maintained in vivo in laboratory animals (Plates

4.4, 4.5 and 4.6).

~ GROWTH OF T.B. BRUCEI IN ME-99

The results are summarised in Table 4.4. Growth of

T.b. brucei in ME-99 was found to be very good. There was
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a 2-fold increase every 2 days and the parasit~s kept

multiplying until the 8th day when the parasitd humber

levelled. The parasites also remained infective throughout
the study. The maximum parasite count recorded was 2 X 10loﬂ

GROWTH OF T.B. GAMBIENSE IN ME-29

% e E T mmasnn RIS Sl SERCLUME o AR e e e

R ——

ThJs pafacwte like the T bh. brucei, gave the best result
in ME-99 (Table and Figure 4,4), There was a 2-fold 1ncrmaoe
‘every 2 déys until bay 6 when the parasite number became
constant and-the maximum parasite count recorded was 2 x 109,

The parasites also remained infective throughout the study. .

GROWTH OF T. VTVAX IN ME-29

. Growth of T. vivax in ME-99 was found not as good
as T.b. Qﬁggé; and T.b. ggmplénse, but better in ME—9§
thah‘in the other media combiuations (Tables 4.1, 4.2,
4.3"and 4.4). A one-fold increase was observed every 2
da?s until Day'8-wneh'the parasite number levelled.

The parasite remained.infective_tﬁroughout the study.

. ‘ ) e 6
The maximum parasite count recorded was 2 .x 10

P e mm e e DT SCYSGTION o m st e e e

The results of the preliminary experiments showed

‘that MEM, in combination with any other medium investigated

in this study is ideal for the in vitro cultivation of the

‘parasite. In like nammer, Brun et al, (1981), Duszenko

.et al (1985}, Ross gt al (1985) and Gray et al (1985)

reported on the suitability of MEM for the in vitro

cultivation of trypanosomes. These observations form the

_basis for the selection of MEM as a base medium for
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modification in the present study, in the hope that an

- improved and a more reliable medium will emerge than those

previously used.

The'superiority of ME-29 was magnifested when the

growth rate of parasites in the medium was compared to

that of gther media combinations. Wheress a maximum parasite

. 4 .
count of not more than 2 x 107 with T. wivax was recorded

in all the other media combinations (Tabie 4.3), a 2 x 106

| inrind

maximum parasite count was obtained in FE-99 with T. VlVRX

(Table 4.4) which has been shown to be wery difficult to

~culture (Isoun, 1979). Althouéh infectivity of T.b.

gambiense and T. vivax was iost after sometime (Tables 4.6
'and 4.7) in éuli;ure in the o.the'r media, -but in ME~99 the
infectivity was retained uﬁtil Day 16 {(Table 4.8) when the
experiment was termlndted,_ Bpun and Sh@nenberger (1979) had
Leporteﬂncood growth with SDM- 99 WEdi’” they attributed this

1mprovement to a number of addltLVEQ (Brun and Shonenberger,

1979) contalned in the medlum. In the present study, similar

additives with the 1nc1u51on of cys tElﬁc, -ere incorporated

“in the medium ME-99 being studied. 1% is possible that - the

presence of these additives accounted for thes :good result

obtained. More recently Seebeck and Kurath (1985) had

" shown that the additives were necessary and essential

for trypanosome growth. The possibility that some of the
additives such és the amino-acids, chemlcally react w1th
fhé parasite méfabolic waste and as a wesult of this, some
constituents. was reduced in the modified ME-99. Duszenko‘

et al (1985) showed that the involvement of cysteine may
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Possibly stimyulate the progressive grow

retention of the infectivity of the par

periods as Observed in this study.

It is also possible that undefined

. ments such as serum and tissue extracts.

L

!
‘ '
¥

v v
. . .

£h and brovide

asite for longer

medium -~ Supple-

almost Certainly

contain inhibitory as wel] as stimulatory substances, which

May cause problems in in vitro studies,

for investigation in the next chapter,

This is subject
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_GROWTH. OF TRYPANOSCMA BRUCEI BRUCEI IN VARIOUS COMBINATIONS

GF CGROWTH MEDIA EVALUATED

Media Combination ' . Number cf Parasites Harvested/ml culture fluid
(50/50 v/v) L ' _

Medium 1 | Medium 2 | Day 2| -Day 4" Day £ | pay 8.1 Dpay.10 Day 12 { Day 14 Day 15| bay 16
‘MEM RPMI 1640 | 2x10° | 2x10° | 2x10% | 2x107 | 2x107 | 25107 | 2x107 | 2x107 | 2x107
MEM Coman | 2x10% | 2xa0? | 2x10° | 24108 | 2x108 | 2x10° | 2w 2x10% | 2x10°
MEM _ 199 .'2x105l 2x106_ 2x10 7 2x10° -_2x109. 2%10° 2x109 2x10°” 2x10°

RPMI 1640 BoM | 2x20° | 2x10® | 2x10% | 2x30% | 2x10% | 2x10% | 2x10% | 2x10% | 2x10%

RPMI 1640 199" | 2x10% | 2x105.] 2x10” | 2x10® | 2x10° | 2x10® i 2x10% | 2x10% | 2x10°
BCM 199 2x10% 2x10° | 2x10° §x106. 2x10° 2x10° 2x10° 2%10% | 2x10°
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: _ TABLE 4.2

~

GROWTH OF TF’:YPANOSOMA BRUCET, GAMBIENSE IN VARIOQUS COMBINATIONS

O0F GRCWTH MEDIA EVALUATED

Media Combination P . . e L - T T
(50/50 v/v) : | Number of Parasites Ha;wesLed/ml culture fluid
Medium-1 [ Medium 2 | ' pay 2 | Dpay 4 | bpay. 6 Day 8 Day 10 | ‘Bayv 12 | Day 1
. . i i 4 . . &
MEM | RPMI 1640 o2x10% | 2x10° | 2x10® | 2x20° | 2x10® | 2xa0® | 2xao
. . i ° ] .
. ; : 4 5 . 5 -
MEM . BCM- ; 2x103 2x103 E 2x10 7 ‘2x10? 2x105 2x107 2x10
: '? . s i i
. - : . A oot = : o~
MEM _ - 199 : 2x104= 2x10° 2x105 2c‘3.06 2x10° 2x10° 2x 10
o : _ ' : 4 4
RPMI 1640 BCM 10 2xa0® | o2x10° | 2x10® | 2x10? | 2x0® | 2xwe? | ax
.' ' " o ; 5 |-
RPMI 1640 | - 199 Coo2xiod | 2x10® |0 2x20% | 2x10% D2x10® | 2x10° | 2x10
. ] ‘ﬂ i 5 "
BCM 199 i 2x10° 2x10° i 2x10% | 2x10° 2x10° | 2x10° | 2x10
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“TABLE 4.3 - ‘
GROWTH OF TRYPANOSOMA VIVAX IN VARIOUS COMBINATIONS
OF GROWTH MEZDIA EVALUATED |
? T§8j20C3?3§natlon Number of Parasites Harvested/ml culture fluid
T O *
.Medium 1 | Medium 2 “Day 2 i Day 4 | Day 6 ! Day 8 | Day 101 Cay 12 Day 14 Day 16
. - i A’ N
MEM RPMI 1640 2x10° | 2x10% | 2x10% | 2x10° | 2x10® | 2x10® | 2x10® | 2xi0? :
; - A pal . | . .
MEM BCM 2x10% ¢ 2xi0%" | 2x10% | 2x10® | 2x10® . 0 0 0 .
. L : . A ' 1 ' 4a
. MEM 199 2x10%.] 2x10° | 2x10° | 2x10? | 2x10% | 2x10% | 2x10 2x10%
. ! 3 A LAt 2
RPMI 1640 BCM 2x10 2%10 2X10 2x10° ¢ 0 0 0
‘REMI 1640 | " 199 2%x10° | 2x10% | 2x10% | 2x10° { 2x10° 2x10° ] 2x10° 2x10°
o, - ;
BCM 199 2x10° | 2x10% | 2x10° | 2x10% | 2x10° 0 S 0

- €9 -

. e 1t =
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TABLE. 4.4
GROWTH OF T.B. BRUCEI, T.B: GAMBIENSE AND T. VIVAX
IN ME-99
Specie of NMumber of Parasite Harvested
Parasite - ~
Day 2 Day 4 Day & Day 8 Day 10 }|. Day 12 Doy 14 Day 16
. ' .
T.b. brucei 2%10° ] 2x107 | 2x10% | 2x10%0 [ 2x10%0 | 251020 | 2x1070 | 2x40?
. ) ’ . .' ] ) O ) 9 o
T.b. gambiense | 2x10° | 2x167 | 2x10? | 2x10° | 2x10% ! 2x10 2%10 2x10°
T. vivax ‘”22103 ,2x104 23105 2x106 2x106 2x106 2x106 2x106
[ I
L:_‘_} i

: 1_/9-—
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TABLE 4.5

INFECTIVITY OF TRYPANOSOMA ERUCEI BRUCEI IN VARIOUS COMBINATIONS

0 GROWTH MEDIA EVALUATED

.Media Combination pay 2 4 | .6 | =8 10 12 14 15 | 16 " :
(50/50 v/v) : ! E
”Medium 1 ' Medium 2 i ; '
| MEM - RPMI 1640 + " N N N . . N .
MEM BCM + + + + + + + - -
MEM 19§ + + + + + + ; + + +
" RPMI 1640 BCM + T + + " | - . +
'RPMI 1640 199 + + + + + - + + .
BCM | 199 + + + + + + - + +
i

KEY : + = PATENT

9



&  TABLE"4.56 * - ' - o £

INFECTIVITY OF TRYPANOSOM& BRUCEI GAMBIENSE IN VARIOUS
COMBINATIONS CF GROWTH MEDIA EVALUATED

. Media Combination
(50/50 v/v)

" Days - 2 4 . 5 8 10 12

[
£
>
[o)

Medium 1 Medium 2

MEM RPMI 1640 : : + PN - _ - - -
MEM _ . BCM ) + + + - _ - _ -

MEM 199 AR S 4

RPMI 1640 BCM - o - x -

- T - L - —
. . - l/ ,‘..‘
RPMI 1640 199 s T - - - - -
i
- : f t »
BCM 199 : ' + * + - - - - -
i
; : |
! ’, !

KEY : + =, PATENT
.= =' NON-PATENT

99
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" INFECTIVITY OF

TRYPANOSOMA VIVAX IN VARIOUS

NON--PATENT

COMBINATICONS OF GROWTH MEDIA EVALUATED
. : é
Media Combination .
i 4 2
(50/50.v/v) Days ] ,10 gl 14 16
- Medium 1 Medium 2 ; a i'
" MEM .RPMI 1640 : + A + - -
. ; : ;
, ; |
MEM BCM : + + - -1 -
MEM 199 ; . . 4 N .
i
RPMI 1640 BCM : + - - - -
RPMI 1640 199 { . - - - - -
!
BCM 1S9 % “+ - - - -
KEY: FATENT’

s 4

L9
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" TABLE 4.8
INFECTIVITY OF .B. BRUCEI, T.3. GAMBITNSE AND T. VIVAX
IN ME-99
' " Number of Farasite Harvested
Specie of Parasite
Day & {Day -4 | Day & |Day 8 jpay 101! Day 12| Day 14| bay 16
. 4 i {
T.b. brucei + + + + + + +
T.b. gambiense + o+ < + + , + +
- - i
T. vivax + .-, + + + + + +
o A ———————r—— l . + N -
| ;
KEY
"+ Patent

?

29
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- PLATE 4.2 :

T

T.B. GAMBIENSE IN ME-S$9 CULTURES

I : NOTE THE PRESENCE OF 2 NUCLEI

2 KINETOPLASTS WHICH IS AN

INDICATION OF DIYISION
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: ' CHAPTER 5

g NU-SERUM: AN ADEQUATE REPLACEMENT FOR
NIMAL SERUM IN TRYPANOSGMA sRUCET BRUCE
- LULTURES
g
hb |
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NU-SERUM: AN ADECUATE REPLACEMENT FOR ANTMAL

i s s = m——— PO

TSERUM IN T.B. BRUCEL CULTUKES

ABSTRACT

e e o o e # ey

Animal sera for cultivation of trypanosomes differ

‘from batch to batch, and often times makes results non-

reproducible and iﬁconsisient. Teb. brucei was grown

over Baby Haméter,Kidney {(BHK) cells ip MEM ahd
supplemented.with,various animai sera (horse, mouse,

and foctal calf serum) as weli és Nu-Serum (an artificial
mediuﬁ supplement). The effects of the varicus sera and
the Nu-Serum on the culture system were Eompared, using
growth, survival and infectivity as criteria for' |
evaluatiéne The parasiﬁes‘grew_well and for a long periocd
of tdime in the madium utilizing the Nu-Serum and were still

infective to mammalian'hosts and could be subcultured

<

" as compared with parasites cultured in the presence of

animal serum. Nu-Serum was, therefore, found to be a

suitable replacement for the traditional animal sera used

in.supplementing. cultures. .This artificial medium supplement is

simple, low in protein content and cheaper than the

.commercial animal sera. It provides sufficient parasites

for experimental studies and also makes results easily

-
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INTRODUCTION

;Animal serumn is an essential part of many cell
culture procedures. However, the use Of.animal sera
cauéeé inconsistencies in laboratory cell culture systems
due to contradictions in results (Cross and Manning,
1973; Brun and Jenni, 1985), an alternative to animal
sé{um is thus much needed since in .most parasites cultured
in these media utilizing animal serum, the infectivity of
the parasites was lost after a short period in culture,
ang Subcultd:ing of the 5arasit3 was impossible (Cross
ané Manning,‘1973)o |

In the last decadi, semi-defined and chemically
defined media have beentdevgloped which gave inconsistenL
yieid and maintenance of thé parasites (Brun and
Shonenbgrger, 1879; Créss éhé—Manning, 1973) and cannot
suppert the growth or the maihtenance of these parasites
without the addition Af eprum (Rerans et A], 1976;

Cross and Manning, 1973).

It must be stfesseé-tﬁét a uﬁivefé;irﬁeéiﬁm;"éble
tc stimulate the growth and ~ support the maintenance
of ahy tybé‘of cell, without utilizing animal serum,
is not yet available.
Up to now, very‘few médié, chemically defined, are
able to support cell growth by themselves, without the
additiOn.of some factors (Baker and Ebeling, 1939; Brun

and Jenni, 1985). Medium 1066, mecdium NCTC 109, Waymouth's

medium 752/i and Hert-I medium have been successfully used



-y

&e,

8 2 ij Rl

by many workers without serum 1in the cultivation and -
maintenance of L-cells (Baker and Ebeling, 1939; Evans

et al, 1956; Evans et al, 1952). A better success has
been obtained by zimply maintaining some types of cells
.such as chick embryos, by employing white  and TC 199
‘media, containing various co-factors and intermediate

1955; Morton et al, 1950; Pasieka et al, 1956).
The resulits obtained with these types of media were
limited to a discreet survival of the cells, buil no increase

in their number was achleved.

. therefore, undertaken.

The' present inveétigation Was
in a;. attempt to find-a.repiacement for animal serum in

the medium that will support growth, survival and maintenance
the cells as well as support growth,.maintenancemand
infectivity of E.E, égggé} in‘cuiture-and try to.eliminate
the inconsistencies £here are in results encountered with tha

various batches of animals sera.

MATERTALS AND MBETHODS

" PARASITES

East African Trypanocsomiasis Research Organisation

(EATRO) Shinyanga III strain of monomorphic T.b. brucei was obta-

ined in the cryopreserved state, in liquid oxygen, from
the Deﬁartment of Zoology, University of Guelph, Canada.
The strain was isolated in Uganda in 1946 from a wart hog.
The parasites were maintained by serial paésage in female

e TrarAarys Tr~meremeyada
o onVED LI plralced

of
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ISOLATION OF PARASITE S FROM mOu%E BLOOD

- :; -

- "

The same mebthod 25 des cr’boo in Chapter 3 (page 28).

MEDIA AND S5ERA

- Eagle-MEM supplemented by fmouse, horse or FCS
was obtained from Grand Island Biological Company

(GIBCO) or Nu-Serum (Lot No. 85-1211; from Collaborative

‘Research Incorporated, 128 Spring Street, Lexinogton,

'MassachUSEEtts, H.5.A.)+ The constituents of Nu-~-Serum

are given in Appendix I.
CELLS
BHK cell line was obtained from the Department of

Microbiology, Unlver61ty of Toronto, Ontario, Canada.

“. The cells were malhtalned in plastic nunc 25 cm2 flask

with*S ml of medium. The pH of thé medium was adjusted_'V
to 7.4 and the following culture combinations were used
for the trypanosGmes i |

MEM /20% fCS/BHK/CELLS/TRYPANOSOMES
MEM/10% NU-SERUM/BHK CELLS/T?YPANOSOMEE
MEM/20% HOR.JE SLRUM/BHK CE.LLS/TRYPAN"‘"OMLS
MEM/ZO% MOUSE SERUM/BHK CELLS/TRYPANOSOMES

MEIM/ BHK CELLS/TRYPANOSOMES (CONTROL)

TNOCULATION AND MAINTENANCE OF CULTURES

Each culture flask was 1nocculated with L03 trypancsomes,

washed with phosphate buffered saline (pbs). Twentyfour-
hour-old sub-cultured BHK feeder cells were used for the
above culture'combinations. All cultures were maintained

at 37°C (95% relative humidity with 5% Co. and 95% air).

ER- LI T oot - - e - Som e - L -t - - L
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Half of tﬂe medium (2.5 ml) in each flask was replaéed with
fresh meqium every 48 hours. ,Five~day—old'trypanosome

" éultufes were inoculated intraperitoneally (i.p) into

; : female CDI mice. Two flasks of each culture combinaticn

? were prepared and the whole experiment was repeated twice.

PREPARATION QF SLIDES

Blood smears were hade from mice inoculated witﬁ
trypanosomes from various cultures three days post-infection.
They were:stgihea with GIEMSA according to the method
described in Chapter 3. Photomicrographs were taken with.‘

a 2Zeliss Photomicroscope.

RESULTS
< It Qas fﬁund that only the cultures supplemeﬁted with ‘
Nu-Serum gave ?oﬁsisteht results in terms of parasite
‘,Yield (Tables 5.1,‘532,_Figures.5;1, 5.2) and infectivity
(Tables 5.3, 5.4j}. With cultures supplemented with FCS,'"
horée,seruh aéd mouse serum, there wéfe fluctuations in tﬁe
-“~~-W""'~“~“4parasite-counts."“fhe'pattern'inVUlved'an“initial'1ag‘of
24 hours followed by a short period of éxponential growth,

‘during which ' time the number of trypanosomes increased

about 2—fold'(Tab1es 5.1 and 5.2). Subsequently, the

o

.parasite growth varied‘betWeén'103 and 104, although for
- the first batch of mouse serum (Table 5.2), the parasite

number féll below 103 after the 4th day.
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of the experiment.

.cultures supplemedted_With mouse serum,
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The growth of parasites in the cultures supplemented
with Nu-Serum was found to be the best éﬁa the most
consistent. There was a marked increase in the number of
parasites iﬁ the medium from day 1 (24 hours post-inocula-
tioe) to day 6'(Tab1es-5.1 and 5.2} A maximum growth of
2 x 1010 was recorded on day 6 and thereafter, the parasite
growth remained constant at 2 3.1010, until the termination
| With each'new bafch of Nu-Serum, an
exactly similar pattern of gfowth yield was obServed.'

convering a

Eight such serial transfers were cerried out,

period of 32 weeks. o -: o -
Para51tes frOm cultures supplemented ‘with Lhe various

sera, were infective to mlce, However, parasites from

lost their infectivity

the 6th day, wheﬁ'thetfirst batch of sera was used

(Teble 5.3). | o \

R

When the secondbatch oF sera was used, the infectivity

of the parasltesln mouse was_.lost: from the 3rd day (Table S. 4).

DISCUSSION

A'new hediumsupplemen;(Nu—Serum)in place of animal
serum has been foune to be suifable fer.the growth of T.b.
MEM was chosen as a:base medium because it has
been ehown ta be superior to others like RPMI 1640, and the
maintenance.

latter alone had ﬁeen demonstréteq for denying

of blood stream forms (Tanner, 1980). MEM has been

successfully used in many experiments involving cultivation
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of trypanosmes of several species (Ross et al, 1985;
Gray .et al, 1985; Brun et al, 1981).

‘The problems of serum and other undefined supplements
have plagued in vitro cell cultivation‘for years (Ham, 1981).
It is known tha£ the composition cof seru;r;aries from batch
to batch (Honn et al, 1975). It is _.possible that other
factors suéh as, the diet and health of the animals from
which the serum was prepared, along with the methods used’

to obtain, process, ship (if necessary) and store the serum

contrihute to the variability of results obtained when

o different batches of sera are used as cufture supplements.

JIn this study, variable patterns of growth in cultures
utilizing animal <era was obtained. For instance, in
cultures with 20% horse serum; there were lags on days 2

and 3 whibh occurred afte; an initial increase on day 1

- (24 hours post-inoculation) with the 15t batch of serum.

" With the °nd batch of serum the pattern was.different

(Table 5.2). Similarly, the cultures utilizing mouse
serum had a drop in the péfasité count below the inoculum
level on days 5 and 6, with phé first batch of gerum.
Concerning thé seﬁonf batch. of éerum, the pattern was
different (Table 5.3). witHlECS, variable patterns

with the two batches of sera were recorded. The

.variable results (Tabkles 5.1 and 5.2) obtained while

testing different types and losts of sera have been

encountered in many other parasite cultures systems that

3

have serum 4s an essential component (Honn et al, 1975).
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Nu-Serum (which comes from the manufacturers in'lO%stnaxﬁﬁﬂ

has proved from thé present results, to be an adequate

replacement for any of the animal sera tested. Apart

* from being cheaper, it contains less proteins and is

chemically semi—dgfined. Nu-Serum was found to give

~consistent and superior growth results with T.b. brucei,

as opposed to the animal sera tested,

The new culture medium so far described may not be

,suff1c1ent for studies 1nvolv1ng parasite metabolism and

establlshment of nutrltlonal requ1rements but it -is Stlll
of enormous advantage for other studles, (like biochemical
studles of trypanosomes) since it is semi-defined and

contains only 25% serum. It geems possible that this

medium can be Further developeo to make it 100%

serum-free and future 1nvesclgat10ns will include this.

-
- R
4 —_——
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TABLE 5.1

GROWTH OF TRYPANOSOMA BRUCEI BRUCEI‘'IN THE VARIOUS . .
CULTURE SYSTEMS PREPARED WITH THE. FIRST BATCH OF SERA

CULTURE SYSTEM N NUMBER OF PARASITES HARVESTED IN DAYS

‘ Jay 1 Day 2 Day-3 |Day 4 Day 5 : Day ©
MEM/20% FCS + BHK CELLS/ 2 x 10| 2 x 10°{ 2 x 10%2 x 10*] 2 x 10* | 2 x 10%
PARASITES / . : , :
%igﬁégéEgufngum/aHK CELLS/ 2 x10° |72 x 10°] 2 x 107}2 x 10®] 2 x 10° 2 x 10°°
MEM/20% HORSE SERUM/BHK CELLS/ 3 '6 5 4 3 3
PARASITES 2 x 107 2 x 10 2 x 10712 x 10 2 x 10 2 x 10
MEM/20% MOUSE SERUM/BHK CELLS/ C _ '
P ARASITES 2 x 107 2% 10°] 2 x 10%2 x 103] 2 x 102 | 2 x 102
MEM/BHK CELLS/PARASITES 2 % 10% | 2 x 101

& | 0 0 0 0
!
3" f i !

Starting Inoculum 107 °

S e s -
.

T T
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. IABLE 5.2
. ' GROWTH OF TRYPANOSOMA' BRUCEI BRUCEI IN THE VARIOUS 3
T CULTURE SYSTEMS PREPARED WITH THE SECOND BATCH OF SERA
CULTURE SYSTEM NUMBER OF PARASITES HARVESTED IN DAYS °
Day 1 bay "2 - | Day 3 pay 4 | Day 5 Day 6
: . 3 7 A 3 3 03
MEM/20% FCS/BHK CELLS/PARASITES |2 x 10 2 x 10 2 x 10 2 x 10 2 x 10 2 x 1
MEM/10% Nu-SERUM/BHK/ L ’ : .1
PEM/20% ) / /CELLS/ 2 x 1Qf 5x 105 2 x 107 2 x 108 {2 x 107 | 2 x 1090
" MEM/20% HORSE SERUM | ' - | . a
' PARQSI%ES - RU /BHK CELLS/ 2 x 10 2 X 105 2 x 10° 2 X .’lO3 2 X 103 2 x 10
MEM/20% M : - Y 3
pARﬁ51¥Es°U$B SERUM/BHK CELLS/ 12 5 10 2 x10° | 2 x10°] 2 x.10° ] 2 x10% ] 2 x 10
_ o : \ !
MEM/BHK CELLS/PARASITES. 2 -»x 10 2 x 10 0 0

[P —
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TABLE 5.3

INFECTIVITY OF TRYPANOSOMA BRUCEI BRUCEI

TN _VARIOUS CULTURE SYSTEMS

t
~Duration 4t Infectivity
Culture System of parasites|for mice
. : ) _ in culture
7 - (Days)
MEM/20% FCS/BHK CELLS 1 +
. .2 +
3 +
‘ 4 +
. 5 - +
- 6 +
-, |  MEM/10% .NU-SERUM/BHK CELLS 1 +
s ' B S 20 - +
. 3 i +
. 4 +
/ 5 +
f o ,/K 6 +
f" :j ‘
o MEM/20% HORSE SERUM/BHK/ . 1 +
a CELLS 2 R -

3 +
4 +
N 5 S
6 o+
MEM/20% MOUSE SERUM/BHK/. 1 +
CELLS e 2 4+

3 + .
4 +
5 +

; S -

FIRST BATCH OF SERA
KEY : N
| T _ o
T 2V patent 7
T == Non—paﬁent
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5.4

" INFECTIVITY OF TRYPANOSOMA BRUCET BRUCEI IN

'VARIOUS CULTURFE SYSTEMS

+
I

. : Duration of Infectivity
ACulture System Parasites in for Mice
Culture (Days)

MEM/20% FCS/BHK CELLS 1 +
: ' : 2 +
3 +
- ',4. +
5 4
; - 6 +
MEM/10% NU~-SERUM/BHK CELLS “1 +
_ s 2 o+
-y - 3 +
S 4 +
...-’ 5 ) - +
' 6 - +
‘ / MEM/20% HORSE SERUM/BHK - 1 +
CELLS : x 2 +
3 +

4 - ot -
-5 +
6 +
MEM/20% MOUSE SERUM/BHK 1 ¥
CELLS : 2 *
. / 3 -
i 4 -
- 5 -

. 6

SECOND BATCH OF SERA.

Patent
- .= ‘NOﬁ—pdtéﬂt

-
-
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ABSTRACT

Transformation of T.b. brucei monomorphic forms

“can be achieved in vitro by the addition of Nu-serum.

~to the culture medium. A mononorphic strain of

Tube brucei which was cultured for 5 days at 37% in

- Eagle-MEM (with or without feeder cells) and supplemented

@ith'Nueserum became pleomérphic after inoculation.into
3 . : R
mice. _Dividing sEumpy forms were still seen in blood
after the parasites have ﬁeep_serially passaged in
miceAthéice. The strain”réﬁaiﬁed monomorphic when
cultureé iﬁ the medium éﬁpplemented with foetal calf

sefum. This supports the hypothesis that some slender

- forms, under certain conditions, have the genetic

capability of transforming into stumpy forms which

can muitiply by bihary fission in the mammalian host.
> ,

-~ L
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INTROBUCTTON '

Trypanosomes of the brucei group undergo a complex

-life gycle in the mammalian hosts and the vector, . tfetse
- fly. Blood stream forms taken up by the insect vector

. transform in the midgut to procyclic forms. Trypanosomes

have never been known to transform in vitro.

During the routine examination of five—day.old.cuitﬁres
of % blood ‘stream fofm of monomorphic slender, T.b. ?EHE@?Q
a féw "broad" forms Mﬁe%e noticed among the "slender"
trypanoéomés;? Thié'obserVatiqn prompted a closer look .

ihtq the trypanosome forms encountered in the culture

~medium and to siudy .their morpholoovs

¢ The medium ysed was supﬁlemented with Nu-serdm and

‘the feeder layer was baby Hamster Kidney cells.

-

-

. . 7  MATERIALS AND METHODS

" PARASTITE .

.Auﬁoﬁomorphic stfaih of EQQ. brucéi (Shinfangé iII)
was uséd. It was initially:isolated in 1946 in Uganda
and haé since been maiﬁtaided by crycspreservation aﬁd.
serial-paSsages‘iE mice at the Universify of Guelph sinéé

1967.

ISOLATION OF TRYPANOSOMES AND INOCULATION OF CULTURES

Tkypanosomes for culture were isclated from mouse
blood ac¢ording to Hirumi et al ({1977a,b). The number,

of parasites in the inoculum was determined using a Coulter
. =I .

crtintar famaisdiirs ol TN 10
counTer Japel e a2t Sfurum)

MEPWM .=
LoD =

nlemented by either
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. trypanosomes.

_FC$ or Nu-serum (Lot No. 85~121). Nu-~serum contains
25% (by volume) of foetal bovine serum and its formula-

\ - . . :
.tlQn includes numerous hormgnes and a series of cell

gréwth promcting supplements (Anon, 1983)0'

A BHK cell line was obtained from Dr. v.L. Chan
(Department’ of Microbiology, University of Toronto,
Toronto, Ontario, Canada) and-maintained in plastic

Nunc 25 ml flask with 5 ml of medium. The pH in the

medium was 7.4 and the followihg culture combinations

were. used for the parasites :

(a) MEM + 20% FCS + BHK Cells + Trypanosomes

i
O
=
h
n

(b) MEM + 10% Nu-serum + BHK Cells + Trypano
(c) MEM + 20% FCS +~Trypanosomes.
(d) MEM-+ 10% Nu-serum + Trypanosomes

{e) MEM + Trypanosomes.
- - /’

Each culture flask was inoculated with 107 washed

Twenty-four old subcultured BHK feeder

- JRP U S - a g e = e e e =

cells were used in culture systems (a) and (b). All
cultures were maintained at 37OC. At least half of the
medium in each culture was replaced with fresh medium

evéry 48 hours. Fivé:day old . trypanosome cultures were

inoculated intraperitoneally into female CDI mice.

x All cultures were duplicated and the study was repeated

twice.

METHOD FOR PRE‘PARING SLIDES, DRAWINGS AND MEASUREMENTS
Blood smears were made 3 days post-infection and after

the third passage into miée,. . Thev were GIEMSA

. U S P -.....“".__.-9.7._....._., — . b a e e e an
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2 :_ stainedeandthe first 50 well-stained trypanoscmes seen were
: dréwn under an oil immersion objective with the aid of a

-

drawlng tube (wOo, 1969). The drawings were measured using
’ ? . a SOﬂlC dlgltlzer (Grafber Model GP-7) igterfaced to an
IBM Personal Computer with two 36OKB diskette drlves.
The;program was written in Advanced Basic for measuring
trypanosomes. Photomicrographs were taken at 1100 x
magnification and all were printed at the same final
rmagnificationg |

of.

SCANNING ELECTRON MICROSCOPY LSEM)

" Concentrated para51tes on coverslips (with the aid of
i- poly1y51ne) were fixed with 2.5% gluteraldehyde for 30
mlnutes and in Osmlum Letraox1de (OSO ) for 3 hoUrS- The
gpec1mens were dehydrated in graded alcohol (30, 561_70;
90 and 100%) for 20 minuteé'in.each concentration and in
Freon, jﬁst belo fc-c:itical point drying b;lLiCd cut. The
specim?ns were then mbUnted oh SEM slides and gold coated,

eXaMined in Mark 11A Scanning Electron Microscope (accellera-

,ting voltage.lokv)o..Electrdn micrographs were taken.

RESULTS

P . Light Microscopy:

Morpholdgical changes during Trnasforhation

A trypanosome was scored as transforming from bleood
eream form to culture form when the follow ng criteria

were satlsfﬂed p051t10n of the klnetOplaot between the
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nucleus and the posterior end (that is not subterminal);
i ‘

ungdulating membrane poorly developed; no-or very short
\ ' S

'frée flagellum, whether posterior end was pointéd or

|

blunt.

! Trypanosomes in mice inoculated with-cultures

\

supplemented with Nu-serum were broader, shorter and had

|

rter free flagella than those 'in mice inoculated with
R - :
trypancsomes grown with foetal calf serum. (Table and

| o :
Plate 6.1). Stumpy trypanosomes with very short flagella

sho

and |blunt posterior ends (Plate 6.1) were seen only in
| . : .
mice inoculated with trypanosomes from cultures that
T .
were, supplemented with Nu-serum. The stumpy forms

.o i .
multiplied by binary fission (Plates 6.2 and 6.3) and

l
were;still present after the third mouse passage.
Trypanosomes from mice inoculated with cultures supple-
‘ :

 mented with FCS remained monombrphic and slender (Plate

6.4). Parasites From the control cultures not supple- .

e ae 2 o T B S Lo
ey [ W W I [

SEM Par351tes photographed wlth SEM (Plate 6 5)

locked similar to those found in the insect vector.

MEASUREMENTS (IN MICRONS OF TRYPANOSOM& BRUCEI BRUCET

‘AFTER*3 PASSAGES IN MICE

F?om Table 6. 1 1t could be seen that para51tes from

mice 1noculated with trypanosomns from cultures {(b) in,
|

maﬁerials and methods page , supplemented with Nu-serum
T . .
had a %horter distance (NA : 6.0 - 13.4) from the middle
of_the?nucleué_to the anterior tip (NA

i .
6.0 —.§.4) ‘as opposed'to parasites from mice

. . o 1 LR . a Ty e - e — - 1 em = e ma 1o
Lnoculated wilhh woypanosuiies Lo CUullures suppieiens
. .

1
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with FCS (a) (NA . 7.4 - 13.3). By the same token, the
length of free flageiium (AF) of'mﬂzaaitesrfrom mice inoculated
with'trypanosomes from culturec suppiemented with Nu-serum
waé}shorter (AP : 1 0 - 5.0) as opposed to parasites from
mice'inoculated with trypanosomes from Cultures supple—

mented with FCS (AF ; 2.2 - 5065 The body length (pPa) of
parasites from mice 1noculated wikh Lr}deOSOmea from'
CULLUFCJ Supplemented with Nu-sertum was also Shorter-

(15f5_— 22.9) than Lnat of- paraSiL@s From mice inoculateg

with trypanosomas from cus* es supplems nted W¢tﬂ FCS

(16+5 - 32.0;.- TrypanObomes isolated from mice inoculated with

. Nu- serum supplemented paraslte CLl_Vﬂes had greater body

- width (Bw 2.2 - 3. 5) than parasites from mice inoculated

.with trypancsomes from FCS supplemented cultures (gy. 1.5-2.8)

. Discussron

It is baJLeved that the addltlonal componentb in

Nu-serum (not normally found in whole an1ma1 serum) trlgge"nd
the transformatlon of some slender into stumpy forms,

This would explaln why previous workers had not seen stumpy
forms 1n their studies. It is p0351b1e that Plate 6.3
represents morphologlcal transformatlon of a slender form

in the proceos of d¢VlSlOﬂ with subsequent blocking of
cytoklne51s andPlate6 6 shows two stumpy forms with their
pooterlo; ends touching. This latter 1nterpretatlon would
tend to Support the hypothe51s that stumpy forms do not

d1v1d¢ (Wijers, 1959, 1“60). AShcroft (1957) in one of

s

4 i
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his monographs pdstulated that antibodies inhibit the

diviglon of slender forms and transform them into stumpy
forms. This postuleation cannot explain our observation
singe the trypanosomes were passaged every three days into

kv

mice and no stumpy formswere observed in mice inoculated
with the cultures supplemented with foetal calf serum.
. Unpredictable and sporadic occurrence of stumpy forms

-

of monomorphic T. evansi in mice is known (Hoare, 1872)

th -

and some have short free flagella (Hoare, 1956).  Stumpy

forms .are infective to_tse-tse flies (wijers and Willet,

1960) .. Future research will include an attempt

to determine the susceptibility of tse-tse flies to a

monomornhic strain (shown initially to be non-infective to

'tse;tSQ'flies) after it has béen cul tured in a medium with

”Nufserum supplement. Itfshoulaqbe noted however, that a

pleomorphic strain of T. evansi was not infective to

tse-tse:flies (Hoafe, 1940) and that Mshelbwala (1967}
S :

infected: a single fly by feeding it on.slender forms:

monomorphic strain reverting to.a pleomorphic strain,

T.b. brucei into

althou@hiinéculation of a pleombrphic
turtles (écclimitizedAto‘aﬁout'350C) significantly increased
the number 6f_stump§ forms (ﬁoo-and Soltys, 1969).

The present study SUpportg the hypothesig.that some
Slendér f&rms, under certain conditions can transform
into stumpy forms aﬁd that these forms multiply by binary

fission.
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h TABLE 6.1
e MEASUREMENTS OF TRYPANOSOMA BRUCEI BRUCEI
' AFTER THREE PASSAGES IN MICE
Culture NA* AT ' PA BW
Combination MICRONS: +: SD!MICRONS£SD ' MICRONS£SD {MICRONS+SD
MEM/20% FCS/BHK 10.5+41.45 [ 2.5+1.04 20.1+2.51 | 2.5+0.45
[ *
CELLS/PARASITES (7.4-13.3) | (2.2-5.6) [(16.5-32.0)| (1,5-2.8)
MEM/10% Nu-SERUM/ ' 5
BHK/PARASITES 10. 8+1 48 2.646.56 18.9+42.04 12.840.32
' (6.0- 1J.4) (1.0-5.0) [{(15.5-22.9}j(2.2-2.5)
MEWM/20% FCS/ - 10.5+1.59 {2.9+G.80 19.1+1.98 [2.6+0.41
- PARASITES . - - - S
v ' - (7.5-13.5) | (1.3-4%5) }(16.6-22.3)(1.8-3.4)
% KEY : NA - = " distance from the middle of nucleus to
. antellor tip.
AF = length of .free flageiluh
PA ‘= - length of body {excluding free flagellum;
BW = areatest body width
s = Mean wlth standard deV1anlon followed by
range in pa:enthe51s.
“Z
She, &
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THE STUMPY FORM FROM NU-SERUM
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