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L. BACKGRUUAND

Prior to this report, we reported in detail on the lollowing -
Attempta were made to propagace Plasmodium berghei, NE-05, in
15 tissuse culture cell types including primurics Ifrom organs
of mice, rabbite and vats, anc wouse and human cell lines,

vidence and lack of rersistence of infectclous

[99]

P, ervhiel “n culoures bevond the control indicate we were not
1 ~

guccessiuvl in poopagaring thoe parasite La these cells,

P, berghei infection in mouse Leydig testicular vumor ceils

w&as studied by our standard wmeihods, We feound Leydiyg cells:

(1) =2ffd

o

ientlv interiorized P, berghei; (2) showaed no nor-

puologic evidence of maturation or growth of the parasite in

the cells, nor did infectivity for mice persist in tissuc culture

sy

for a longer time than in cell-free contzols; (3) interiorized

UV killed 7. bersghei as efficiently as live P, ber

zhei; and

(4) effiziently incteriorized pelystyrene beads,

We also investigated the ability of Leydiy mouse testicular tumor
cells tc support the zrowth of ?, berghei usin the exact methods

of Dr. Speer. We did not obscrve normal P, berghei wichin the

<

Leydig cells. Under these conditions, the cclls werce able to

interiorize ultraviolet billed pacarices and polvyscyrene beads,

Dr., Speer reported Levdip cells did not interiorize these beads
. } p 4

nor killed parasites. We also studied mouse bones marrow according

to Dr, Speer's methodvulogy and did not obscrve normal parasites



in thesc cells nor were cultures infective for mice at intervals
In which parasite control cultures were infective. Bone marrow

cells Interiovized polys yrene Seads and UV irvadietcd P. berghei,

On 1/2:/77, we scquired r. ia}ﬁjj3£3§ from Drs, Trager and
Jensen and have maintaines the culture in huwman A and 0 red
blood cells in potri plates in candle jars and in a continuocus

feeding Flow Flask System.

Both the Flov Flask and petri plate culture methods afford very
nice methods for long term evaluation of tissue cultures in a
dynamic complex system in which merozoltes are continuously
reledsed from infected red blood cells while the tissuc culture

cells continue to multiply and the percent parasiteaia in the

red blood cells increases,

Twenty-one :issue cell cultures were evaluated for their effect
on the growth of P ﬁiliiﬁiiﬁﬂ ia co-culture, Jdormal appearing
parasites were associated with primary human umbilical vein
endothellial, primary Rhesus monkey kidney, liver and bone marrow,

Cynomolgus monkey kidney and the Vero line of African Green

monkey kidnecy cells,

Two differen: mechanisms for ce l-parasite association appear to
be orcrative. The first involves adscrption of infected red cells
by the tissue culture cell followed by phagocytosis and the second

adsorption of free merozoites with or without interiorization,



Interiorizetion of an infected red cell and subsequent destruction
of the ved cell {observed as a loss of color) results in an
essentially normal-appearing parasite in the phagosome occupied

by the ved cell, dorwmal developmentel forms are gcldom seoen

within phagoscmes in the absence of red cell macerial,

A second mede of association, characterized by free mevozoltes
eitner adhering to the plasma wmembrane or interiorized in the
~ell, is observed more Irequently. Essentially normal merozoites
or very immature trophozoites (rings) ave scen on or within the

N

plasma membrane of certain cells in the culturc., No evidence

B

has been obtained that these cell-associated parasites mature;
however, this type of association results in the temporal

association of the potentially inlective stage of the parasite,

the merozoite,with tissue culture cells,

Yoth of these types of parasite association are observed in Vero
cell culture and we are attempting to improve the association,
maturation and mulciplication of P, falciparum in Vero cell

culture by manipuiation of rue cultural conditions by:

1., Adaptation, i.ea.

«

erial passage of infested red cells in

1923

¥
tissua culture;
2, AMlteration of the tigsue culture cell surface to increase

adsorption and penetration of the parasite; and

3., Treatment of rissue culture ceclls with sclective drugs to

decresase destruction of call-assceciated narasites.
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There are several approaches which we Intend to explnre to

accompligh the second and third goals, namely:

1. Incorporation of protease Inhibitors in the culture medium;g
2, Treatment of tigsue culture cells with chemicals known to
be intracellularly active inhibitors of cukarvotic protein

synthegis;

3. Treatment of cella with glucocorticold stevoids which may -
depending on dosage, type of steroid and cell - inhibit
or stimulate growch of the tigssue culture cell, increase

cAMP levels, iucreasce or decreasc protein synthe

145]
"
o
-
o
[a]

increase peripheral miciofilaments involved in phapgoso.ae-

lysosome interactious;

4, Use of Concanavalin A to inhibit fusicn of endocytic vacuoles
with lysosomes and the subsequent digestion of P,

falcliparum or to increase interiorization of the parasite

gince Con-A stimulates pinocytosis and phagocytosis;

5. Disruption of microfibrils by treatment of the cells with
Cytochalosin B, resulting in loss of mobility of the

phagosome to fuse with the lysosome; and

6. 1Inhibition of DNA and RNA synthesis and/or processing in the
eukaryotic cell by antimetabolites, thereby rendering the

cell unable to degrade interiorized parasites.
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mhis six menth report will descrive preliminary results obrained
by protease inhibitor treatment ol Vero cells inoculated with

-

P, falciparum, and by serial passage of P, falciparum in Vero

ell culture,

II. STATEMENT OF PRQOJECT OBJECTIVE
AS STATED 11U THE_LORTRA(T

The original objective of the Project has not bLeen modificed,
It is the development of an in vitve tissue culture method for
the propagation of the asexual stages of the malaria parasite
in order to provide sufiicient antigen for the prepardtion of

vaccines for mass immunizatcticn programs,

IIT., CONTINUED RELEVANCE OF THE OBJECTIVLE

At present, there are no circumstances nor does our research
indicate a need for modirfication of the project objective.

IV, ACCOMPLISHMENTS: January 1, 1978
y
to June 20, 1978

kJ’

i

A, Attempt to adapt P, tfalciparum cte.Vero (African Creen

Monkey Kidney Cell Linc) by Serial Passage

Details of the Methods and Results of thic experiment are reported

in Appendix A,

An increase in the number of Vero cells wita asscciated parasites
was observed after nine serial passages of infected red cells

in Vero cells, However, when parasitized blood was removed and


http:ACCOMPLiS!'E.TS
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the Verc cells continued in culture, no growlng parasites were
obgerved throughout the passage seriecs, It was concluded that

further work in this aree might be worthwhile.

B. Effcect of Protease Inhibitors on the Association of P,

falciparu@'with Vero Cells

1. Introduction

The protease inhibitors that we are testing to improve the

association, maturation and growth of P, falciparum in Vero

cells fall inteo thrce groupe: {l1) alkylating protreasc innibitors:

(2) polypeptide prote-ng inhibitors; (3) protein protease inhibitors,

The first group conglsts of alky) iting chloromethyl ketones of
various enzymatic specirficities and modes of actlon. Based on
Qo (L) . . e ek
a review by Schnebli'™/ two compounds were selected: TLCK
(Neg=tcsyl-L~lysyl chlovomethvl ketone) and TAME (Neg~tosyl-L-
arginyl methvl cster), Their activity may be extracellular on
enzyme subgirates such a5 trypsin and chvmotrypsin-like ecnzymes
which nmay interfere with P, faleciparum adsorption/interiorization
. . vooatad Cmots (2) ‘
in the eell or, as suggested by Collar cnd Smets , tneir
alkylatinyg activities may intracellularly block cell metabolism.
Different modes of action are inferred since TAME is a substrate
analoy expected to competively inhibit the natural proteases and
esterases while TLCK is a substrate analog that acts irreversibly

1(3) have demonstrated

on proteases, Furthermore, Chou et a
inhibition of protein synthesis in intact cells by alkylating

protease inliibitors.



7=

In addition, we are testing two members of a group of polypeptlde
proktease inhibitors extracted trom Actinomycctus(*), namely,
leupeptin and antipain, Leupeptin has becn demonstrated to be
intracellularly active in cukarvotic cells(s) and has in vivo

in chrckans (90,

activity against muscular dvstrophy

Represancative ol the third group is vvomncoid, one of the ecgg

albumin prouoins, 1t has oxtracellular protease ifnhibitory
{ -7 \} -
activity '’ which miabt aid adsorption and interiorization of

P, Lalciparum Dy forming a poorly dissociated macromolecuiar

comploex with proteases of the trypsin family.

2. Method

The protease inhibitors were tested at minimally toxic and sub-
toxic concentrationg or at concentrations determined by availability
or solubiliutv, After trearment with the druys for two hours at
37°¢, the Vero ccll ocultures weve insculated with P, ralcipavum

3

in GM-5 mediuwm {(RPM

1t

~1640 supplemented wich Ldh human Serun)

in a 3% red blood cell suspernsion. Incubacion ol the cultures
was at 37°¢ in a candle jar., These co-culturcs werc treated with
fresh drug on days cne and two after P, falcipurum ineocularion.
Daily, coverslips were stained with May-Grunwald-Gleasa for
evaluation of Vero cell-parasite inter-reclationships and a
Giemsa-~stained thin smear made of the erythrocyte culture for

determination of parasitemia,

Vero cell and erythrocytir parasitemias are expressed as the
percentage of cells infected, irrespective of whetl : there is

one or more than one parasite per cell,



3. Experimentai Results

Tables are presented in Appendix B,

a, ﬁ}kyluting Protease Inhibitors

(1) TLCK

The three tested concentrations of TLCK were antimalarial,
This activicy precluded a satisfdctory evaluation of drug
effect and presumably is the cause of reduced dassuciation of

parasites with the Vero cells (Table 1),

In a separate test, TLCK was found to partially suppress

Vero cell prowth at concentrations of 78 uznd 39 . /ml.
M8

(2) IAME
At the one test concentration, TAME was antimalarial, thus
precluding sactisfactory evaluation and presumibly was the

explanation for the reduced association of parasite with the

Vero cells (Table 2),

As determined in a separate toxicity test, TAME did not inhibit

Vero cell growth,

b. Polypeptide Protease Inhibitors

(1) Antipain
Antipain is a polypeptide protease inhibitor from Actinomycetes

which was kindly supplied to us by Dr., Umezawa (Institute of

Microbial Chemistry, Tokyo). The tested concentration was chosen



el L P el
=
according to -t

concentrations reported in the literature,

toxie to Vero cells nor antimalarial (Table 3). On
11 Wejje o) avsg 1 and 2, antipain increased
01 \ro cells that had merozoite«like parasites

ith the han . allj bserved in the absence

Ement (AR y el _."-."l.‘.:' COnNLroil coversLip
i roker
] k { |- ; ]

1 {is another of the Actinomycetes polypeptide

y & A € i Dr’, Umez 1 Ihe et concentration was ch
becauge it is active in eukaryotes and because ol
av 1 Ll ti rug, Leupeptin was not Ltoxi
cells, but wa 1t 1 - 1t the test concen
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the nt r of Vero cells asgssociated with parasite
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Ovomucoid increased the percentage of Vero

with parasites (Table 5) and increased the

agssociated with each cell, The parasites associated

Vero cells were predominantly merozolte or very young

stages as depicted in Figure 1,

The test concentration of 3000 pg/ml, which

snluble concentration, was not toxic to the Vero cells

not antimalarial,
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Because of these promising results, a confirmatory test was

perrormed according to the methods used in the first experiment.

Also incorporated into this second test were attempts to obtain

ancillary information by changing the experimental approach;
ese wi be descrit I beloy

reatment wit 30 fml o mucoid ain markedl increased
the association of normal P, falc i_ parum with Vero cells, (Table 6).
IC was again observed that it was the merozoite, or young ring
stage, that was preferentially increased on or in the Vero cells.
Also, a larx 1umber off '"merozoitaes! were again associated with
[ eated cell 18an with ntreated cells
Differential counts were done on the erythrocytic parasitemia in
the ovomucoid (3000 pLg/ml) treated and untreated P, ﬁf{giﬁﬂrgm

inoculated tissue cell cultures on day 2 of the first experiment
and on days 2 and 3 of the second experiment. The percentage of
parasites at each stage in the cultures and the percent parasitemia
were esgentially the same in the treated and untreated cultures.
Therefore, a difference in the available parasite stages in

2ated vs untreated cultures would not explain the greater number

o
H
{t

merozoites associated with Vero cells from ovomucoid treated

(]
n

as compared to untreated cultures,

The data presented in Table 7 indicate that as little as 30 wg/ml
of ovomucoid enhanced the association of P. falciparum with Vero
cells. However, 30 pg/ml, and to a lesser extent, 300 pg/ml,
were less efficient than 3000 pg/ml in enhancing the percentage

of Vero cells associated with parasite., Also, there were fewer
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parasites associated with each Vero cell at the lower concentra-

tions of ovomucouid,

When the¢ asgociation of merozoites with ovomucoid trecated Vero
cells was high c¢n day 3, the ovomucoid, or the infeectad
erythrocytes, or both, were washed out of some cultutes, These
cultures, and ovemucoid treated culturss of Vero containing
Infected red blooed cells, were then maintained in candle jars

at 37°¢.

On days 3, 4, 5 and 6 the apprepriatz cultures were fed with

Y

Gl'-5 or oveomucoid (3000 wg/mi) or reinfectod daily with P,

falciparum or combinations of these, The data presented in
ook t

Table 8 indicate removal of only ovomucoid from the culture

had no effect on the enhauced association of parasites with the
Vero cells, even through day 7, four days after removal of
ovomucold, Howaver, removal orf the erythroevtic culture of P.

falciparum resulted in essontiolley complets cessation of associaw-
parun :

tion of parasites with Veiro cells one day later.

By days 6 and 7, the erythrocvtiic parasitce culture was degenerating,
The degenerating p, falciparun erythrocytic cultures were character-

ized by the presence of fow rings and the late stages were
compact and dark-staiaing, Lt was these aburrsant late stages

. P

that werce the predominant stases agsociated with Vero cuells on
days 6 and 7. The appcearance ol thasa older mlapoes, heir

relation to the Vero cells and the lack of vad blood cells

with these Vero cell-associated parasites is depicted in Figure 2,



Figure 2

Photomicrograph of a%errant trophozoites and schizonts

ol

2

associated with Vero Cells six days after treatment of

the culture with ovomucoid and inoculation with p,

falciparum, The cvomucoid was washed froa the culture

on day 3,

H: hemozoin; N: Vero cell nucleus; S: schizont
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4, Discussion

a. Alkylating and Polypeptide Protease Inhibitors

Because TAME, TLCK and leupeptin were antl-malarial at che
concentrations cested, these drupgs will be ve-evaluated by
treating the Vero colls with the drugs and removing the

drugs from the cultvre prior to inoculation with P. falcivcarum,

That this appreach may be satisfactory is “ndicated by t.e

fact that une of these druws, TLCK, was reported Ly Sch:bli

s
and 3rugcr\“) to be active as a tissue culture cell urowth

inhibitor after one hour oI treatment and subsequent vemoval

of the drug from the medium.

b. Ovomacoid

A marked enhancement of parasite association with Vero cells
with ovemucoid, This enhancement primarily involves mevrozoite
or very youny ving stages, and results in an increaged number of
parasites per Vero cell and an increasad percentage of Vero cells
with associated parasites. The enhancing effect remained in

treatced cultures even when the rvomucoid was removed from the

medium,

The nature of this enhancing effect is unclear, The erythrocytic
&

P, falciparum culture was degenerating on days 6 and 7 and few

ring stages were observed and segmenters were few, inferring few
merozoites were being released in the culture. The enhancement

with Vero cells involved aberrant trophozoites and schizonts, the
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predominating stages in the red biood cells, This result
indicates the Varo cell-associated parasites directly originate

from parasites veloased frem red blood cells, That the older

stages asgociated with the Vero celle on days 6 and 7 may have
orlginated from the merczolites associated with the Vero cells

on day 4 1s a possibilicy and would indicate maturation of the
associated merozeites had occurred, However, direct evidence

of maturatioen during the first 4 days was not ohscrved, indicating
the aberrant older stages seen on days 6 and 7 did not originate

’

from the merozoites observed on days 1 to 4,

’

ero cell-a

&

The location of thesec ssocliated parasites i3 also

unclear. ost oi the merozoltes sre not in the plane of foecus

of the stained cell cytoplasm (sce Figure 1), Also, the older

stages observed on days 6 and 7 seem to be at the periphery of

the cell (see Figure 2), These results indicate a surface
adsorption phenomenon was induced by the ovomucoid, but at least
some of the merozoites could be interiorized wichin the Vero

cell membrane and stili presant this appuarance, Elcestron
microscopy is being actively pursued to answer this question,

which will help direct our efforts to cither enhance interiorization,

if this is necessary, or reduce parasite destruction by the cells

if the parasites are in the interior of the cell.

Although ovomucoid is said to adsorb to plastic and glass, we
see no parasites on the Vero cell-free parts of the coverslip.

Thus the ovomucoid effect is specific for the Vero cell-parasite
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interactlon and does not appear to bc a non specific adsorption

phenomenon,

5. Research Deslign

During the current reportinyg period we have proceceded wirth the
Project as descvibed in "The In Vitro Cultivation of Malaria
Parasites in Cell Culture" Contrace AID/ra~-=1258 (Extension),
We are comcontrating our efforts to modiiv tissue culture . alls
80 &@s to cnhance P, fﬁiﬁiﬂiﬁﬂﬂ multiplication in tissue culture
to the Vero line or Afvican Green monkey kidnev cells bacauge
E;‘ﬁééfiﬁﬁﬁﬁﬁ buecomes asvociated with the Vero cell readily,

albeit at low cell inciden ¢, and Vero 1s easily maintained

In the P, falclvarum in vitre culture system,

Any breakthroush achicved vien Vero will be immediately tested
in other tissuve culiure cell cultures to see if the resulcs

obtained with Vero c¢eil cultures can he extrapolated to probably

acceptable vaccine substrate tissuce culture cells,

As proposad in the 'roject Excension, we actempted to adant
P, falciparum to more successiul association and growth in Vero

cell cultures by gcrial passage of the parasite in the tissue culture,

We have also proceecded into the first experiments designed to
modify the tissue culture cells o increase adsorption and
penetration by altering the tissue culture cell surface with

protease inhibitors.


http:incid.en

One of the protcase inhibitors, evomucoid, markedly increased
the numbers of parasites associated with ecach Vero cell and

the number of Vero cells associated with parasites was ingrcased
up to 30%, compared to on dnecidence of about 1% ol untroeeted
Vero colls associaced with parasites, These increases win Vero
celi-parasite associatlen primarily involved merozoltes (or

very vounyg utrophonoltes ., Thererore, we have not {alt tue

nped to Lncvrease wercozoites Ln the culture by synchronizing the

growth of c¢he P, falciparuw evythrocyte zulture inoculun,

o Sttt el

We plan to utilize the erhancing activicy of ovoumucoid as we
proceed to test agents in Vero cell culture inoculated with
P, £alriparun wnich may decicase the parasiticidal activities

of the tisnue culture cells.
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V. DISSEMINATION AND UTILIZATION OF
RESEARCH RESULTS

Dr. R. G, Brackett participated in the AID Contractors Meeting

in Albuquerque, Hew Mexico iun June, 1978,

VI, A, STATEMENT 0OF EXPENOLITURES AND
OBLIGATIONS AND CONERACTOR RESOURCES

A budget statement shoving the exzpeaditures for the period
January 1, 1278 to June 30, 1978 is presented as a detachable

gsectjen of this report,

The major target: for the contract period January 1, 1978 to

Jurne 30, 1978 were:

To choose one or more candidate tissue culture cell

types for medification so as to enhance P. falciparumn

assoclation/maturation/growth in the tissue cell culture,
We chose the Vero iine of Afirican Green Hdonkey kidney as
our primary candidate and plan to use primary Cynomolgus
kidney cells or other potentially acceptable vaccine

-

substrate <eils as secondary candidates,

To inaugurate the experimerts designed to modify Vero cells

so as to enhance P, falciparum association/maturation/growth

in the tissue cell culture, We evaluated the effect of two
alkylating protease inhibitors, one protein protease inhibitor

and two polypeptide protease inhibitors.
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B. Involvement of Minority Tersonnel and Women

Six women were Ilavolved in project activities during the
reporting period., Four were invelved as professional labovatory
Investigacors, one as a secreiary and one as a liboratory aid,
One black prefessional laborvacory invercigator and one black

laboratory aid were involved in project acuvivities.

VII. WORK PLAN AND BUDGET TFORSCAST FOR

THE COMING SIXK MONTHS

The work plan for the coming six months includes the following

targets,

Test Lf the promising results obtained by ovomucoid modification
of Vero celis are applicable to primary Cynomolgus kidney cell
culture or other potentially acceptable vaccine substrate tissue

culture cells,

Evaluate the modification of Vero cells by other protease inhibitors,
protelin synthesis inhibitors, steroids and a lectin on the
enhancement of 7. §§lcip§:um association/maturation/growth in

the tissue cell culture.

Use the enhancing effect of ovomucoid (and other enhancers as

they are discovered) in combination with the agents listed above.
Ovomucoid is most likely producing a cell surface effect, resulting
ir increased association of merozoites with the tissue culture
cell. The other agents listed above are chosen to increcase
interioriation and decrease proteolytic degradation of interiorized

parasites,
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A budget statement showing planned expenditures for each of

the major inputs for the period 7/1/78 to 12/31/78 is presented

ag a detachable section of this report.



APPENDIA

Attempt to Increase the Association of P. talciparum and African

‘o) by Adapration durianyg Serial Passage

Green Monkey Kidney Cell (Ve

\

Ag proposed in rthe work plan for the third vear obf this contract,

we have avtempoed to adapt P, faleiparum te lwproved development
in a candidate tissue cell culture, Vero cells were chosen

because they cuiture well under Pogjaleiparwa-buwnan red blood

cell condit.ons, Alss, P, foleiparum was seon to routinely

become associated with the cvtoplasm of =mone Vero cells during

two to threce davys culture rogetvher, The rationale for this

[

experiment was that some variant of ¥, talciparum might be better

adapted o volerate the condlivions for development when interiorvized

~

by Vero cells. Thus, wo night vepe for an increasc in the incidence
of parasite-c2ll association, an Incresse Iin survival time of
interiorized parasites, and evidence of parasite maturation within

Vero cells.

Method

P. falciparuwm (FCR-3 strain) in human ABT red blood cells and

GM-5 was cultuvred serially nine times in the presence of Vero
calls in flow flasks. Coverslinsg were pulled from day 1 through
day 4 and stained by the May-Grunwald-Giemsa pr&ccdurc for
microscopic evaluation., Dailly c¢rythrocytic parasitemias were

also determined,

During the first three passages fresh Vero cells were added at
each subpassage and parasitized blood was added as a 12,.5%

suspension (3.0 ml/flask). No fresh Vero cells were added after
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the third subpassage and parasitized blood was reduced to 3,0 ml
of a 3% suspension during each of the last six passages and
paragitized bhlood was diluted with normal blood to reduce

parasitemia to 1 to 2% at each subpassage,

Results

The results ol parasite-Vero cell association and parasitemia

In red bleood cells are summarized in Table 1.

Vero cells grew well during cach passage., Starting with a light
scattering of indiwvidual cells on day 0, daily increases in

cell numbers were seen and varying degrees of monolayered cells
were present on coverslips by days 2 and 3. Development of

P, falciparum in red blood cells during each of the passages

was consigtently good (see parasitemia in [feble) and no fresh

parasites were added during the nine subpassages.,

A variable degree of parasite-Vero cell association was seen
during the different passages on days 1 through 4 (see Table).

The merozoite, or young ring, forms ﬁredominated in association
with Vero cell cytoplasm and accounted far 80 to 907% of the
parasites seen, Schizonts were the next most frequently seen

stage In association with cell cytoplasm, Very few growing
trophozoites were identified. Occasionally an abnormal form with
black-staining nuclear material was seen that was suggestive of

a growing trophozoite. However, when parasitized blood was removed
and Vero cells continued in culture, no good evidence of per-

sisting (growing) parasites in Vero cells was seen after one or
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two davrs throughout the series of passages. Very good parasite-
Vero nssociation was seen in the [inal two passages (sec Table)

se¢ in parasite assoclation with Vero cells

Bode

543

suggesting an incre

during the nine pass~ges,

Discussion

In summary, during nine subpassages of P, falciparum and Vero

cells together in vitro, little evidence cor incr-eased development
cf the parasite ir association with Vero cells woe secen., It
is concluded that under the conditions cuployed, no sipnificant
"adaptation" c¢f the parasite to development (growth) in Vero
cells was evident, but an increase in relat .ve number of Vero
cells with associated parasites was secen during the latter two
passages. These results suggest that addicional efforts to

adapt P, falciparum to growth in Vero cells, or another cell

line, may be worthwhile,
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Vero Cell/Parasite Association and Development of

P. falciparum in RBC's During Series of Passages

Percent ol Vero Cells with Percent Parasitemia in
Associated Parasites Red Blood Cells
Passage
_RNo.  Day 1 Day 2 Day 3 bDay 4 Day I Day 2 Dbay 3 Day 4
1 5 2 3 ND* 1.8 2.9 4.7 ND
2 ND ND 15 ND ND ND 1,9 ND
3 8 6 ND ND 1.7 4.2 ND ND
4 1 ND 5 ND 2.1 ND 9.4 ND
5 0.5 i0 ND ND 1.9 2.5 ND ND
6 0.4 1 ND ND 1.5 2.0 ND ND
7 ND ND ND 5 ND ND ND 13,2
8 ND 10 10 ND 2.9 6.6 11.3 ND
9 6 ND 35 ND 2.7 4.6 8.4 ND

*ND = Not Done
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Table 1

P, falciparum (FCR-3) inoculated Vero Tis
Cells Treated with TLCK

sue

Culture

% Parasitemia, % Parasitemia,
Drug Erythrocyteex Vero Cells
Concentration on Days on Days
(pg/r1) Tz 3 Tz T3
20 2.1 3.5 0.7 5 0.2 0.0
53 1.4 1.8 0.2 5 0.0 0.0
No Drug and 2,2 3.2 6.1 NA**% NA NA
Ko Vero 2.5 4,2 4,9
No Drug 2.4 4,6 6.7 ND 3 ND

*% Parasitemia in P, falciparum inoculum was 2.4
*%No Datum

*%%Not Applicable



Appendix B

Table 2

P. falciparum (FCR-3) Iroculatzd Vero Tissue Culture
Cells Treated with TAME

% Paraslrtemina, 7 Parasitemia,
Drug Erythreocytcu* Veros Cells
Concentration on Davys L on Days
(pg/ml) }_ 2 3 i 2 3
1350 1.2 1.5 0.5 1 ND#** 0
No Drug and 2,2 3.2 6.1
No Vero 2.5 4,2 4.9 NA**% NA NA
No Drug 2.4 4,6 6.7 ND 3 ND

*%Parasitemia in P. falciparum inoculum was 2.4

*%*No Datum

*%%Not Applicable
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3

Appendix

P, falciparum (FCR-3) Inoculated Vero Tissue Culture

Cells Tredted with Antipain

Drug
Concentration

(ug/ml)

35

No Drug and
No Vero

No Drug

*9% Parasitemia in
*%*Not Applicable

*%%No Datum

/s

Parasitemia,
Euythrocytes®

on days

X 2 3
5.5 9.3 14,8
6.4 11.0 10.6
6.2 10.« 12,9
3.4 7.7 9.0

Y, Parrsitemia,

Vero Cells

on Davs

i) 2 3

0 4 25
NA** NA NA

2 10 ND* %%

P, falciparum inoculum was 2.7
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Appendix B

Table &

P, falciparum (FCR-3) Inoculated Vero Tissue Cusiture
Cells Treated with Leupeptin

% Parasitemia, % Parasitemia,
Drug Erythrocytes* Vero Cells
Concentration on Days on Days
(2/m1) Iz 3 Tz 3
48,3 3,6 2.3 1.5 1 2 0.5
No Drug and 6.4 L1.0 10.6 NA**® NA NA
No Veso 6.2 10.2 12.9
No Drug 3.4 7.7 9.0 2 10 ND* %%

*%Parasitemia in P. fzlciparum inoculum was 2.7

**Not Applicable

*%%No Datum
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Table 5

P. falcigqru@’(FCR~3) Inoculated Vero Tlssuce Culture
Cells Treatid_vith OY)@yﬁg}g_jFirst Equ;iment)

Y Parasioemid, Y Parasitomila,
Drug Eryvthrocytes™ Vero Cells
Concentration on Days . on Days
(pg/ml) L 3 L z 3
3000 f.5 11.8 17.1 ND#FH 20 ND
No Drug and 6.4 11,0 10.6 NA*#%  NA NA
No Vero 6,2 10,2 12.9
No Drug 3.4 7.7 9.0 2 10 ND

% 9 Parasitemia in P. falciparum inoculum was 2.7
*% No Datum

*%% Noc Applicable
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Tabhle 6

P. falciparum (FCR-3) Incculated Vero Tlssue Culture
Cells Treated with Ovomucoid (Second Experiment)

Approximatce

7, Parasitemla, % Pe2rasitemia,
Vero Ceils =~ Erythrocytes -
Test Fredominant (280%) Average
Rx Day Stage (GF of culture) Range

Vero + QOvemucoid 1 20 - "Merozoites' 7.8 (5) 6.2 - 8.8
{3000 Lg/ml) 2% 30 - “"Meovozmoitesg™ 15.3 (5) 13.9 - 15.9
+ P, falciparumn 3 10 - "Merozoites" 1.6 (5) 1.4 - 1.9
—~ 4 15 - "Merozecites" 7.9 (2) 7.8 - 7.9
Vero + P, falciparum 1 0.8 - QUuo** 7.2 (2) 6.9 - 7.4
{No Qvonucoid) I 5 -« "Merozoites" 11.6 (2) 11.2 - 11.9
3 3 -~ "Merozoites" 1.3 (2) 1.1 - 1.5
4 1 -~ QKNS 4,0 (2) 2.6 - 5.3
P, falciparum 1 Not Applicable 7.5 (2) 7.2 - 7.8
(No Ovomucoid, 2% " ' 13.8 (2) 10.4 - 17.2
No Verc) 3 " " 1.2 (2) 1.2 - 1.2
4 " " 5.4 (2) 5.0 - 5.7

¢s were diluted wich normal red blood cells to about 1%
o)

*Erythrocytic cultur
parasitemia on day

*4%There was an ingufficient number o0of Vero cells associated with parasites to
make an evaluaiion of the predominant stage.



Appendix B
Table 7

Titrations of Ovomucoid in P. salciparum

Inoculated Vero Cell Tissue Culturce

Ovomucoid 7 Vero Cells
Concentration Day of % Erythrocytic Associated with
(pg/ml) (2 Tes Bgfasifpmias(bi Parasitel®
3000 1 7.8 20
2 15.3 30
2(after gplit) 1.4
3 1.6 10
4 7.9 15
300 1 8.0 Qns (4)
2 13.3 10
2(after split) 0.8
3 1.9 o
4 6.0 5
30 1 8.4 QNS
2 14,5 10
2(after split) 0.9
3 2,3 5
4 6.8 5
None 1 7.2 0.8
2 11.6 5
2(after split) 0.6 NA
3 1.3 3
4 4.0 1

a - , . .
( )Vero - P, Ffalciparum culturcs were treated with ovomucoid on

days 0, 1, < and 3.

(b)

Erythrocytic parasites were in good to very good conditions through-
out test, The erythrocytic culture was split 1:10 on day 2,

c . ; ) . . -
( )Meroz01tes were the predominating parasite stage (>807%)
ascociated with Vero cells,

(d)QNS: Insufficient Verw Cells in culture for evaluation.
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The Effect of Withdrawal of Ovomucoid/P. falciparum
Infected Erythrocytes from Treated Cultures

Approximate % Parasitemia, Paragitemia, Erythrocytes
Test Vero (ells -~ Predominant Parasite
nx Day* (=80%) stage Percent Condition
Vero + Uvonmucoid (3 mg/ml) 3 10 - Merozcltes 1.4 Good
+ P, fal-iparum x 3 da. P. Gtk 1 - Degenerate merozoites NA*4% NA
falciparum and rhc washed and schizonts

from culture on da. 3

Vero + Ovomucoid (3 me/ml) 3 10 - Merozoltes 1.5 Good
+ ¢, ialciparum = 3 da, 4 25 - Herczolites 6,0 Fair
Gvomuecoid wash-~d from 6 20 - Abcrrant troph, 3.1 Poor
culture oa dav. 3 7 15 - Degenerate troph. 2.3 Poor
Vero + Qvomuceoid (3 =g/ ml) 3 10 - Merczoites 1.8 Good
+ P. ftaleilparum x 3 da. D, 4L¥% < 1 - Degenervate troph. NA NA
falciparum, red biood cells
and ovenucoid wasihed frem
culture on da, 3
Vero + Ovomuceid (3 mg/ml) + 3 10 - Merovzoitns 1.6 Gond
P. Ffalciparum x 7 days 4 15 - Merozolites 7.9 Good
6 20 - Aterrant troph. 4,6 Poor
7 3 - Abecrrant ‘“roph, 2.2 Poor
Vero + P, falciparum x 3 3 - Merozuoites 1.3 Good
7 days 4 1 - Tue few parasites 4.0 Good
6 < 1 -~ Too few parasites 1.6 Poor
7 0 -~ Toc few parasites 0.8 Pcor

T
o
o
o)
0

*Data Irom cultures on days 1 and 2 are presented in Table 7,

*%No datum from these cultures is presented for days 6 and 7 because the Vero cells had
overgrown and could not be evaluated.

FhFANA Not Applicavle,



