
— 
-

N

‘ AD—AQ6O 399 BI O ME D I CAL RESEARCH INST ROCKVILLE MD F/G 6/13
PRESERVATION OF INFECTIVE STAGES OF RODENT MALARIA. (U)
JUL. 76 C P STROME, 4 L LEEF N0001k—76—C—07214

UNCLASSIFIED A—2 NL I

k LI_ 
_
fl !i

N 
_ _ _ _ _ _ _  .1



I’ 

• ‘
p

1EVE~
OFFIc~.~~~ NAVAL RESEAR C H

Contra~~r~~~~~ Ø14-76-c-~ 724

Task No. 204-043

~~~~~~ Annua 1~~ ep \Nurnbelçr~~~2

Pr~~ èrvation of In fe~ tive stages of Rodent Malar ia .

by

/ T h
(
\~___~~ strome

/ J.L.J Leef I
Bioxr .eaical Research Inst .~~tuteI ‘‘ 12111 Pa rkiawn Drive

—~~~~~ ckville , Md. 20 952

2 / I
Reproduction in whole or in part is permitted for  any

purpose of the United States Government.

~~~~ 
Li]



Freezing studies were ini tiated with a series of baseline

exreriments to determine whether or not dimethyl sulfoxide (DM50)

had any adverse effect on the infectivity of sporozoites of

Plasmodiuin berghei. We reported preliminary results (progress

report 4tA-1) indicating that it apparently had no deleterious

effect on the sporozoites and subsequent experiments (Figure 1)

substantiated this early finding. We also reported (progress re-

• port tA—i) that we planned to examine the effects of freezing

sporozoites at various cooling rates, and that we would initiate

this series by first examining a rapid cooling rate. This rate was

chosen because a preliminary experiment indicated that sporozoites

survived freezing at that rate. However , our work subsequently

showed that rapid freezing (400°C/mm ) was far from the optimal

of 200 to 60°C/mm (Figure 1).

~;:¼.During the course of these experiments designed to determine

the optimal cooling rate for Plasmodium berghei sporozoites,

three basic observations were made:

(1) The optimal cooling rate for sporo zoites in whole mouse

serum was in excess of 3O~C/min , but was less than

100 C/min.

• (2) Because of these cooling rate requirements , a special

apparatus would have to be built, capable of obtaining

rates between 30 and 1006C/min. ~~~~~_—_-~~-.-i- ~~~~~~~~~
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3) Dimethyl suif oxide (DMSO), is not the preservative of

choice; therefore , a survey of other preservatives must

be made to evaluate them as cryopreservatives for sporo—

zoites of Plasmodium berghei.

The following report will, therefore , be divided into 3

main chapters each of which addresses itself to one of the above

mentioned observations.
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(1) The Optimum Cooling Rate Requir ements of Plasmodium berghei

Sporozoites.

Sporozoite suspensions were prepared as described in progress

report tA-i and were resuspended in either 100% mouse serum or 7.5%

DMSO in 45% serum contained in Medium 199 (M—199) for freezing.

The mouse serum was chosen to compare to DMSO , because it is a

constituent of the sporozoite purification process and its qualities

as a cryopreservative are general knowledge. All cell suspensions

were adjusted to a concentra tion of 4 00 ,000 sporozoites/ml, as

determined by duplicate hemacytometer counts. Unfrozen , control

suspensions were injected in 0.1 ml volumes (40,000 sporozoites/dose)

at the time freezing was ini tiated; all preparations were kept at

0°C prior tc’ injection. The percent infectivity was determined as

described in progress report tA-i. Preparations to be frozen were

frozen in 1 ml volumes in 15x100 mm test tubes. The samples were

first brought to approximately _3eC in an insulated bath contain-

ing ethanol (absolute) equipped with a coil through which liquid

nitrogen was circulated . The bath was further equipped with a

stirrer and each sample was supplied with a copper—constantin thermo-

couple (22 gauge) connected to a Honeywell Electronik 112 multi-

point recorder . When the samples reached -3°C , crystallization was

induced (to avoid irreproducible supercooling) by seeding with a

column of frozen medium contained in a pasteur pipette . After the

heat of the fusion had dissipated , the samples were ready to con-

tinue being cooled in one of three ways: (1) cooling rates from 0.2

to 30°C/mm . were accomplished using apparatus as described by

Leibo et a]. (1970); (2) rates from 30 to 100°C/mm . were done
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as described in this report, Chapter 2; (3) the cooling rate of 400°C/

m m .  was done by directly immersing the sample in a dry-ice ethanol

slurry at —79°C. When these samples reached -79°C , they were transferred

to liquid nitrogen and stored for at least one hour. All cooling rates

were calculated over the range of —10 to -65°C. All frozen prepara-

tions were thawed by immersion and rapid agitation in a 37°C water

bath (approximately 300°C/mm .) and inoculated into mice to assess

infectivity as described in report #A-l.

The results of this study are summarized in figure 1. Each point

on the graph represents the mean of at least three experiments where

each experimental group contained 10 mice. Figure 1 indicates that

7.5% DMSO is most effective at a cooling rate of 1°C/mm . but it is

not nearly as an effec tive cryopreservative, as is whole mouse serum.

In addition to 7.5% DMSO , concentrations of 5, 10, and 15% were also

examined but they were less effective than 7.5% DMSO . Whole mouse

serum is most effective over the cooling rates of 20 to 60°C/mm .

Furthermore , the peak in retention of infectivity following freezing

was 40% with serum, whereas , it was 10% using DMSO.

The first phase of our work was to demonstrate that the sporo-

zoite could be frozen and stored in liquid nitrogen and remain in-

fective after thawing . We also wanted to demonstrate the specific

cooling rate requirements for sporozoites and these goals were accom-

plished as shown in Figure 1. However , this survey of cooling rates

had to be done at a single dose , otherwise the magnitude of a given

experiment would be unmanageable. Once the optimal area on the curve

was known titrations in that zone were initiated to further quanti—

tate the results.
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We are currently in the process of quantitating the study with

mouse serum by assaying the infectivity of the material by means

of a standard dilution titration. The dose schedule selected was

64,32,16,8,4,2,1 and 0.5x103 sporozoites per inoculum respectively .

The data is analyzed by the Reed and Muench method for determining

the effec tive dose causing 50% infectivity (ED50) for both frozen

and unfrozen sporozoites . Thus, the comparison can be made in a

direct manner between two populations , which yields a quantitative

estimate of absolute infectivity of frozen sporozoites versus unfrozen

control. This study has just been initiated and preliminary results

at a cooling rate of 20°C/mm . indicate that preserved material is

approximately 25% as infective as unfrozen sporozoites.

I

_ _ _ _ _ _ _  
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Figure 1
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A Comparison Between DMSO and Mouse Serum in the
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(2) An Apparatus for Obtaining Variable Controlled Cooling Rates

Over the Range of 30 to 100°C/mm .

Introduction

Various types of cells require di f f e rent cooling and warming

rates to retain optimal viability after freezing (Mazur , 1972 and

Leef and Mazur , 1978). Variable cooling rates from 0.1 to 30°C/mm .

can be obtained using conventional cooling apparatus such as the

Linde biological freezer ; fixed cooling rates ranging from 0.1 to

500°C/mm . may be obtained with manually regulated apparatus such

as described by Leibo et. al. (1970). However , we found that obtaining

variable but reproducible intermediate cooling rates between 30

and 100°C/win, with existing apparatus to be quite difficult .

This range was of interest because preliminary results obtained

with f reez ing  Plasmodium berghei sporozoites indicated that the

optimal cooling rate was on the order of 50°C/mm .

We designed and built an apparatus which yields reproducible

cooling rates from 10 to 100°C/mm . The apparatus consists of a

cold alcohol reservoir connected to a delivery tube where the

delivery flow rate is controlled by a ball valve. Cold alcohol

from the reservoir displaces the warmer alcohol in the sample con-

tainer; the rate of this displacement determines the cooling rate .

Material and Methods

Figure 1 is a schematic drawing of the apparatus. The alcohol

reservoir is a five gallon stainless steel utility pail mounted on

a stand. A one half inch i.d. copper pipe is secured to the pail
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by a brass bulkhead f i tting modi f ied to f it nearly f lush with the

bottom of the reservoir. The copper pipe is also connected to an

Apollo ball valve equipped with a graduated indicator dial. The

tip of the handle controll ing the ball valve is actually a moveable

disc. When the handle is turned to the desired setting , the disc

is pushed forward into a notch cut on the indicator dial. Thus ,

given settings must be identical or the moveable disc will not

engage the notch for that setting. A pipe continues down to the

lip of the sample container where it is joined to a one half inch

i.d. polyethylene tube that extends to within 1 inch of the bottom

of the container. The sample container (P.G.C. Scientifics ,

Rockville, Maryland) is made from standard wall pyrex tubing

(8.5x3 inch inside dimensions) equinped with a overflow arm one inch

from the top having an i.d. of one half inch. The sample container

is secured to a laboratory stand with standard lab clamps; its capacity

is 600 ml. A laboratory stirrer (T—line, model 101) is mounted on

the frame and the stirring rod propeller positioned within the sample

container near the discharge point of the polyethylene tubing . The

contents are stirred vigorously to insure fast, uniform mixing .

When the valve is opened , precooled alcohol flows into the sam-

ple container and mixes with the warmer alcohol while the excess alcohol

flows through the overflow arm . Polyethylene tubing (one half inch

i.d.) connects the overflow arm to a circulatory pump which

empties into the overflow holding tank , a 25 gallon insulated

stainless steel container . Copper-constantin thermocouples (22 gauge)

are placed into each sample tube, the reservoir and the sample con-
tainer and are all connected to a Honeywell Electronik 112 multi-
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point recorder. In one sample tube, an additional t~’ermocouple

leading to a Honeywell Visicorder 906C is joined to the thermocouple

attached to the rnultipoint recorder to obtain a continuous cooling

curve record during freezing . Both thermocouples are run through a

stainless steel needle which penetrates the sample tube stopper

and are situated at the center of the 1.0 ml sample. The cooling

rates were calculated over the range of -10 to -65°C. The sample

freezing tubes (lOOxl5 mm) containing 1.0 ml of cell suspension

are mounted around the lip of the sample container and held in

place by wire under spring tension. The sample tubes are mounted one

inch above the mouth of the sample container vessel to prevent

alcohol from contacting the lip or stopper of the sample tubes.

The entire apparatus rests in a plastic pan in case of overflow.

In a given experiment approximately 2.5 gallons of cold

(—79°C) denatured ethanol is manually transferred to the alcohol

reservoir from the alcohol holding tank where it is maintained

at equilibrium with dry ice. This alcohol is filtered through two

thicknesses of medical gauze mounted across the top of the alcohol

reservoir to remove any debris that could occlude the valve open-

ing. The reservoir contents are further cooled by the addition of

approximately 2 to 3 liters of liquid nitrogen bringing the reservoir

contents to a final temperature of about -90°C. The sample container

is brought to -3°C by opening the valve briefly and when the samples

reach that temperature they are seeded with a crystal of ice from

medium frozen in the tip of a Pasteur pipette. After the phase change

is complete, the samples are allowed to equilibrate back to -3°C

(4—5 mm ) . The valve is opened and the samples are cooled to approx-
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• imately —85°C at the flow rate determined by the valve setting . The

samples are then tran sferred to liquid nitrogen (-196°C) for storage.

During the experiment , the overflow alcohol retu-iis to the insulated

overflow holding tank which is maintained at -79°C and is ready for

a new cooling cycle. The sample container is partially emptied with

a conventional laboratory aspirator , filled to the overflow arm with

• alcohol at room temperature, adjusted to -3°C with the cold alcohol

in the reservoir and is ready for the next freezing experiment.

Results and Discussion

Figure 2 shows the cooling rates obtained at various valve

settings; the cooling rates are quite reproducible as judged by

the magnitude of the standard deviations. The initial temperature

of the alcohol and its volume in the reservoir should always be

about the same before experiments are begun or the cooling rate

at a given setting will not be reproducible. Figure 2 shows tracings

of four typical cooling curves at a slow (11°C/mm .), medium

(32 and 43°C/mm .) and rapid (80°C/mm .) cooling rate for this

apparatus . If a higher degree of linearity is desired , it can be

achieved at all rates except the most rapid by first determining

the temperature where deviation from linearity is observed in a

trial run and then opening the valve to a faster flow rate when that

temperature is reached . However , when the temperature of the samples

approaches the temperature of the sample container , non—linearity

is unavoidable .
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Figure 1 Schematic Drawing of the Cooling Apparatus
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(3) Survey of the Preservatives.

The preservatives studied to date fal l  into two broad classi-

fications , low and high molecular weight compounds. The low mole-

cular weight were dimethyl sulfoxide (DMSO) (5,7.5, 10 and 15%) and

glycerol (5,10 and 15%) while the high molecular weight preservatives

were whole mouse serum (45 and 100%) polyvinyl pyrrolidone (PVP)

(5,10,15%) and hydroxy ethyl starch (HES) (5,10 and 15%). All

solutions with the exception of DMSO were made at 2x the concentrations

needed in medium 199 (M—l99) and equal volumes of those solutions

were added to equal volumes of sporozoites suspended in 100% serum

to yield the desired concentration in M-l99 in 50% mouse serurti. The

DMSO solutions were prepared , V/V with DMSO and mouse serum , so

that in the case of 10% DMSO , the concentration of the serum was 90%.

All sporozoites were isolated , froz en , thawed and the infectivity

determinations made as described in chapter 1 of this report.

The results shown in figure 1 indicate that lIES is clearly a

better preservative for sporozoites (peak 65%) than serum (peak 40%)

or DMSO (peak 10%); PVP also appears to be superior (peak 55~~) though

perhaps not as good as HES. The data for glycerol is too incomplete

for comparison , but it appears to be as effective as serum and

superior to DMSO.

It would be desirable to examine the effectiveness of preservatives

in the absence of serum ; however , sporozoites rapidly lose their in-

fectivity when serum is not in the medium. We found that when sporo-

zoites were isolated under serum free conditions and injected into

— 16— 
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mice at a dose of 4xl04 sporozoi tes/inoculum, only 10% (+ 14) of

the animals became infected (figure 2). In the same series of

experiments , sporozoi tes isolated in our routine manner in the

presence of serum were 96% (+ 6.3) infective. Therefore , at present,

serum is a required constituent of all suspending media used. Experi-

ments were done to demonstrate whether or not the sporozoites lose

their infectivity as a func tion of time outside the host

during their preparation for freezing (figure 3). Sporozoites

isolated as described in chapter 1 were divided into aliquots

that were either injected immediately or held for various lengths

of time at 0°C prior to injection of 4x104 sporozoites/inoculuxn.

The infectivity of the sporozoites was determined as described in

chapter 1. Figure 3 shows the effect of incubation at 0°C pri or

to freezing. There was no measurable effect up to 3 5  hours and

it is extremely un likely that the processing time for samples to

be frozen would ever extend beyond that time. However , after that

length of time deterioration does begin , since after 24 hours at 0°C ,

the infectivity has declined to 11.1%. We concluded time outside

the host in the unfrozen state, should not be prolonged beyond 3.5

hours and that the sporozoites should not be handled in the absence

of serum.
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