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SUMMARY

‘1
Five agents , namely chloroquine phosphate (WR 1541.) , prima—

quine phosphate (WA 2975), quinine sulphate (WA 2976—5), quinine

dihydrochioride monohydrate (WR 2976—HC1), and 1— 1 3—dichloro— 6—

trifluoromethy l— 9—phenanthr y l— 3—d i— (n—buty l)amminopropanol hydro-

chloride (DTPA) (WA 171669), were studied for their effect on

hurnoral response to sheep erythrocy tes (SRBC) as measured by the

plaque— forming cell (PFC) contents of spleens , delayed hypersensi-

tivity (DH) reaction to SRBC , and phagocy tic activit y were studied

in mice ~(s~ e- Tab-le 1);—

Humoral PFC responses were not affected by WA 151.4 or WA 2975.

Quinine sulphate (WR 2976—5) and quinine dihydrochioride mono—

hydrate (WR 2976—HC1) suppressed PFC responses when injected one

day before , but enhanced these responses when injected one day

after the antigen. The DH reactions were not affected signifi-

cantly by any of the drugs except WA 1544 at the higher dose (100

mg/kg) injected one day post antigen. Phagocy tic activity was

depressed by the high dose (100 mg/kg) of WR 1544 , WR 2975, both

low and high doses (40 and 160 mg/kg) of WR 2976—S and by the

high dose of compound WA 171669. ~ Deviations from normal controls

in these experiments , wherever th~ y occurred , although statis-

ticall y significant , were never of a tremendously great magnitude

• and their biological significance might be questionable. Further—

mor e , the effects of higher doses of these drugs should be con—

sidered with caution because these doses were highest which the

majority of treated mice could tolerate and survive (see Table 2).

~~~~~~~



METHODOLOGY

Mice. Male 8ALB/c mice weighing 20—25 grams were used in all

experiments. Mice were housed and maintained in our NIH approved

animal facilities.

Antigen and Immunization. Sheep erythrocyte s (SRBC) suspended

in normal saline were used for immunization. Mice received 0.2 ml of

2.5% (1 x 108) SABC by the i.p. route for studies involving humoral

response , whereas 0.1 ml of 0.25% suspension was injected s.c. on the

dorsal side of the neck for immunization for the DH reaction. The

challenge for the elicitation of the OH reaction was given as 0.02 ml

of 25% suspension intradermally in the right ear.

Assays.

Humoral response: Humoral 1gM and IgG responses against

sheep cells were measured five days after immunization by assay ing

spleens for the hemolytic plaque forming cell (PFC) contents by the

method described by Cunningham and Szenberg (1).

DH reaction: Mice were injected with 0.02 ml of 25%

(1 x 108) SRBC suspension (1 x IO8 cells) intradermal].y in the right

ear. Twen ty—four hours later , mice were injected i.v. with 2 ,.~Ci

125IUdR and 16 hrs later both ears were excised at the hair line and

counted in the gamma scintillation spectrometer. The ratio of counts

• between the SRBC—injected ear and uninjected ear represented the

degree of inflammation and indicated the severity of the OH reaction.

This method has been described in detail by Vadas at al. (2) and has

been proven to be a satisfactory measure of the OH reaction. This

method was preferred to foot—pad measurement for the merits of its

objectivity.
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Phagocytic function: Phagocytic function in mice was mea-

sured by the clearance rate of carbon particles as described by Stuart

(3). Briefly, mice were injected with 0.2 ml of standardized carbon

suspension (OD 0.9 to 1.00 at a dilution of 1/2500 across 1 cm path at

800 nm). Mice were bled at 0, 2, 5, 10, 15 mm intervals and a stan-

dard volume of heparinized blood obtained. The blood sample was

diluted with 0.1% Na2CO3 solution and relative amounts of carbon re-

maining in circulation at various time intervals after injection were

estimated in a BL Spectroriic—20 photome ter at 800 nm. The density read-

ings were converted to a logarithmic scale and plotted against time.

The slope of the line indicated the phagocytic index IS. The corrected

phagocytic index ~ was calculated as follows :

WB si—x IlKWI + Wa

where WB was whole body weight of the mouse and WI and Ws were liver

and spleen weights , respectively.

Drugs and Dosages. Drugs tested and the dosages employed have

been indicated in Table 2. All drugs except WR 171669 were dissolved

or suspended in normal saline. WA 171669 was dissolved in 20% SMSO ,

5% Tween—80 , and 75% saline. This solvent was not toxic and gave a

colloidal suspension of WR 171669. The solution of WA 2975 was ex-

tremely acid and proved very toxic at low pH but the toxicity was re-

duced when it was neutralized to pH 6.0. At a pH above 6.0, the drug

precipitated. WR 1541. and WR 2976—HC1 ware easily soluble and had a

• neutral pH. WR 2976-S was insoluble in saline and was injected as a

suspension. All drugs were administered in 0.2 ml. Controls recieved

the same volume of the solvent.

• - • •~~~~~~~~~~~ • •~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ • _ - ~~~~~~~~~~



Humoral Response. Anti— SRBC PFC responses were not significantly

altered b y WR 1544 and WA 2975. The moderate suppression of IgG PFC

by low dose of WA 1564 and by both doses of WA 2975 injected one day

after antigen were not statistically significant (see Tables 3 and 4).

As indicated from Tables 5 and 6, WR 2976-5 and WR 2976—HC1 both gen-

erally caused slight but significant suppression when injected one day

before antigen and caused slight to significant augmentation of anti—

• SRBC PFC responses.

DH Reactions . Data on the effect of five chemotherapeutic anti—

malBrial agents have been summarized in Table 7. No statistically

significant alteration was observed in the OH reaction of mice treated

with WR 2975, hR 2976—S , or WR 2976—HC1 , before or after the sensi-

tizing dose of SRBC. WA 1544, at 100 mg/kg dose injected one day af.

ter sensitization , however , caused statistically significant depression

of the DH reaction.

Phagocytic Function. Table 8 summarizes data on the effect of

the five anti—malarial agents on the phagocytic function of mice. It

is clear that a high dose of WA 1544 (100 mg/kg) and WR 171669 (100

mg/kg) had significant depressing effects on phagocytic functions of

mice when injected before testing. WA 2976—S suppressed phagocytic

functions at both doses (i.e., 40 and 160 mg/kg). It is apparent that

~ values which represent phagacy t ic indi ces correc ted for spleen , liver ,

and body weights indicate more marked suppression than the K values of

phagocy tic indices. This resulted from possible loss of weight in mice

treate d with these anti—malarial agents. A loss of weight in drug—

-~~~~ - --••--• —.-— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
• --- --- —- • — .“-- ——— ---“-•

~~~
- --—— -—-- - • - - - - •-



6

treated mice was often noticed , especially when they received the

higher dose of certain drugs.

Preliminary Conclusions. Generall y, all agents tested to date

did not cause a dramatic depression of any of the immune functions.

Moderate depression caused by agents WA 2976—S and WR 2976—HC1 , al-

though statistically significant , might not be biologically signifi-

cant since the depression was not as severe as we often observe with

known immunosuppressive agents such as cyclophosphamide .
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• TABLE 2
Toxicity of five anti—malaria l agents studied

during this report period , Feb—Aug 1979

Mortalit y

• Drug Dosea within within within cumulative• 24 hr 2—4 days  5—7 days

1546 250 9/10 90

100b 
3/65 2/65 2/65 11

25 b 
0/51 0/5 1 0/51 0

2975 500 10/10 100

250 10/10 100

7/77 2/77 4/77 17

0/68 0/68 0/68 0

2976—S 1000 5/5 100

200 2/5 60

160b 
0/57 0/57 0/57 0

40 b 
0/52 0/52 0/52 0

2976 500 5/5 100HC 1
0/3 1 0/31 1/3 1 3

0/35 0/3 5 0/35 0

171669 200 7/10 70

1500 3/5 60

1200 0/5 0/5 2/5 60

0/30 0/ 30 1/ 30 3

250b 0/30 0/30 0/30 0
_

~) 
amg/kg
b0 used in studies reported here .
CMore toxic if used unneutralized at very low p 1-I.

A •~~~~ • ~~—•• ~~~~~~~~~~~ -• — ••-— -—-~~~~~———~-—•—- •— -—~~~ - --—~~~~ - •—- —
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TAB LE 7
Effect of var ious anti—malarial agents on

DH react ions of mice a

Treatme nt DH Reaction b

• Drug Dose Drug Pre Ag Drug Post Ag

Solvent 1.667 ± 0.238 1.523 ± 0.106

1544 25 mg/kg 2.133 ± 0.250 1.61.0 ± 0.185

100 mg/kg 1.953 ± 0.156 0.987 ± O . O 4 B ~

S o l v e n t  1.772 ± 0 . 144  1.513 ± 0.106

2975 25 mg/kg 2.248 ± 0.291 1.815 ± 0.124

100 mg/kg 1.385 ± 0.151 1.514 ± 0.136

Solvent 1.451 ± 0.094 1.54 1 ± 0.114

2976—S 40 m g/ k g  1.399 ± 0.187 1.338 ± 0.159

160 mg/kg 1.131 ± 0.166 1.356 ± 0.102

Solvent 1.387 ± 0.097 1.633 ± 0.225

2976— 
50 mg/kg 1.278 ± 0.116 1.919 ± 0.121

200 mg/kg 1.595 ± 0.126 2.153 ± 0.153

5
Drugs injected i.P. one gay before or one day after s.c.
Immunizat ion with 5 x 10 SRBC. Mice challenged intra—
dermall y six days later with I x 108 SRBC in the right ear
and assaye d the following day (see Methodology).

b
Arithmetic means of ratio of radioactivit y (cpm) in in-
jected ear over uninjected ear with limits of I s.e. Each
group contained a minimum of 8 m ice.

C
stat isticall y significant suppression.
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TAB LE 8
Effect of various ant i—malarial agents on

p h a g o c y t i c  f u n c t i o n  of’ mice a

Treatment Phagocy t i c  In dex b

Drug Dose 100 x K value ~ va lue

Solvent 2.699 ± 0.155 4.569 ± 0.215

1564 25 m g/ k g  2.864 ± 0.177 6.773 ± 0.299

100 m g / k g  2 .2 70 ± 0 .172 3.794 ± 0. 196

Solve nt  2 .860 ± 0. 170 4 .752 ± 0.157

2975 25 m g / k g  2.808 ± 0.158 4.318 ± 0. 148

100 m g / k g  2.649 ± 0.213 4 .415 ± 0.187

Solven t 2.881 ± 0.151 4 .784 ± 0. 151

2976—S 40 m g / k g  3.121 ± 0 .202 3.679 ± 0~~196 c

160 m g / k g  2 .515 ± 0.143 3.749 ± 0. 127 0

Solven t  2 .720 ± 0 .135 4 .601 ± 0 .216
2976— 50 m g / k g  2 .627 ± 0.186 4.839 ± 0.111

200 mg/kg  2.384 ± 0 . 164 4.476 ± 0.123

So lven t  2.024 ± 0.139 3.591 ± 0.112

171669 250 m g / k g  1.968 ± 0 .245 3.396 ± 0.156

1000 m g / k g  1.099 ± 0~~~~179 C 2.974 ± 0. 165 0

aD r u g s  i n j e c t e d  i . p .  two d a ys  b e f o r e  the  assay .
b A r i t h m e t l c  mean ± 1 s.e. fo r  g r o u p s  c o n t a i n i n g  a m i n i m u m  of’
8 mice  f r o m  two e x p e r i m e n t s.

C S tat i st i c al l y  s i g n i f i c a n t  d e p r e s s i o n  d e t e r m i n e d  by s t u d e n t’ s
t t es t .
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