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A number of biological substances, chiefly certain globulins and polypeptides, have been shown to
cause increased vascular permeability. However, while there has been a considerable amount of work in

identifying and characterizing the nature of these substances, little is known regarding the possible role they
may play in disease.

Goodwin and Richards (1960) reported the presence of pharmacologically active peptides in the
blood and urine of mice infected with Babesia rhodaini and Plasmodium berghei. These peptides which
stimulated the guinea.pig ileum and rat duodenum increased in amount as the infections progressed. It has
also been shown that the amount of bradykinin, one of a related group of polypeptides that can cause an
Increased vascular permeability, is abnormally high in rhesus monkeys infected with P. knowlesi (Tella and
Maegraith, 1962, 1963),

Both Knislely, et al (1945) and Overman and Feldman (1947) claimed that there was an alteration
of body fluid compartment physiology in fatal P. knowlesi infections. Since there appears to be an increase
of pharmacologically active substances in the blood of malaria infected animals it is possible that they might
be partly responsible for this change in body fluid compartmentalization. This present paper describes a
vascular permeability increasing factor (PIF) in the sera of malarla infected rhesus monkeys.

The sera of rhesus monkeys infected with P. inui or P. coatneyi wers employed‘ in these experiments.

The principles of laboratory animal care as promulgated the National Society for Medical Research were
observed.

Results

The results of these experiments are shown in figs 1.5. Normal, undiluted serum from all monkeys
produced a vascular permeability effect. With the exception of SP2 whose serum was active at 1:10, PIF
activity of the pre.infection serum disappeared at the 1:10 dilution. In all monkeys the PIF activity of the
diluted serum became apparrent with the onset of patency. There appears to be some relationship between
the degree of PIF activity and the nalure of the parasitaemia. MS23 and SP2, (figs 1 & 2) sustained a
similar course of P. inui infection. In both animals the primary peak parasitaemia did not exceed 5 per cent.
This was followed by a period of chronicity during which time several recrudescences occurred. PIF activity
increased during the period of primary parasitaemia and then disappeared about the B0th day of infection.
During or following a recrudescence there was a reappearance of the PIF in the serum,

The pattern of PIF activity was somewhat different in the two P. inui infected monkeys, SP4 and

MS24, that sustained an acute primary parasitaemia in which over 20 per cent of the erythrocytes were

infected (figs 3 & 4). In both these animals PIF activily was reduced before the point of peak parasitaemia.
The infection terminated fatally in M$24 but in SP4 the animal survived and the infection became chronic;
again, serum PIF activity reappeared coincidentally with parasitaemic recrudescences.

The single P. coatneyi infected monkey also showed a serum PIF (Fig. 5) but unlike the P. inui
infections the level of activity did not decrease during the chronic phase of the infection.
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It was found that 10 mg/kg phenergan given to rabbits prior to intredermal inoculation of serum
completely blocked PIF activity.

Discussion

it is has been shown that the serum of monkeys infected with P. inui and P. coatneyi cause an
increased vascular permeability when inoculated intradermally into the skin of the white rabbit. The

permeability Increasing activity of the serum was completely blocked by 10 mgfkg of an antihistamine,
phenergan.

The factor responsible for causing the increased vascular permeability has not as yet been identified
but may be a pharmacologically active peptide identical or related to the substances reported by Goodwin
and Richards (1960) and Tella and Maegraith (1962, 1963). Whether the PIF is the same substance that is
present in normal uninfected serum in low conceniration or is a new substance that appears only with
infection also is unknown. The possibility exists that the PIF may be induced by antigen.antibody complexes.
That this may occur in parasitic infections has already been suggested in the report of the WHO expert
committee on immunology and parasitic diseases (1965). Recently Ward and Conran (1966) demonstrated the
presence of malaria antigen, g.globulin and BIC-globulin deposited along the endothelial surfaces of the
renal glomerulus. These authors suggest that the deposite might be antigen.antibody complexes that would
cause a local increase of vascular permeability.

Further evidence of increased vascular permeability in malaria has been given by Malloy (pers.
comm.) who found an alteration in fluid compartment physiology of P. falciparum—infected American soldiers

in Vietnam. Our investigations on host physiology in primate malarias, of which a detailed account will be
presented in subsequent communications, has shown a liver pathology with centrilobular necrosis in some
P. coatneyi infected rhesus. It Is possible that a PIF could cause a rapid decrease in plasma volume which

might, in turn, induce shock and the consequent pathologic change in the liver. This is still highly conjectural
but it would seem important to elucidate the possible participation of a PIF in the pathogenesis of malaria.

Summary

1. The sera of monkeys infected with P. inui or P. coatneyi caused an increased vascular
permeability when inoculated into the skin of rabbits.

2. PIF activity in P. invi infected sera was reduced during the chronic stage of the infection but

reappears during recrudescences. In acute infections a decrease in activity was observed immediately before
or during the helight of the primary parasitaemia. '

3. The aclivity of infected sera was blocked when an antihistamine, phenergan was given to the
rabbits.
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2. The course of imfection and serum vascular permeability incredsing activity in a P. invi infected rhesus (SP2)

.....6.

@—————e UNOILUTED SERUM
*~-~=-=- {110 DILUTION
&nim—@ |25 DILUTION

DIAMETER M.M.

PARASITES / I0.00Q R.B.C.

Illl\.

20

DAYS AFTER INOCULATION

- ||Hnﬂ...|..l.b
—_
120 130 140
5004
‘400
300
2004
1004 .
A Serear e e LA
° ' ; % o % 20 0 oo Yo 20 o 1o

358



NOILY INJON! S3LIOZOMOdS HILIV SAVd

ost ori osl ozi on o 06 o9 Cood 09 o$ or 43 02 ot
L il N 3 : N f I fn h 1 fy h ry o

N Al

|- 006

- 0001

+- 008!

NOILAT3A §2:1 e—m-m A
NOILNT30 Ol it w—-=-- -
WAY3S OILNHONN o——e

{(ydS) snsoys pajoaju 10ul *d4 D U] AYIAlOD Bulsoesdu Ayjjiqosuwied Ip|nISDA WNIES PUD UO|IISJUl JO 8SINOD BY) °E Bty

5°8'd 00001 / SILISYHVL
359

WN Y3IL3NVID



UNDILUTED SERUM

10 DILUTION
25 DILUTION

S ————p

O

‘WK ¥313nvIg

(PZSW) snseys pejosjuy 1au] g D ul A}A)420 Bujspesdu) Aj)j1qoewisd Ip|AISDA WNIBS PUD UOHIRUl JO ©5IN0D BY|

Lo
¢ lo
1 ] | T 1 |
o] o O Q (o] O o
8 8 8 8 8 g8
() ) N - -
0°'8'¥ 000°l/ S3liSvyvd
7 Pl

DAYS AFTER INOCULATION

360



NOILYINOONI ¥314V SAVd
08 oL 09 oS oY og 02 Oi
3 1 k] o
>
]
»
©
~-001 S
m
(2]
~
9
S
~-002 o
2
bid
[¢]
~00¢
o8 oL 0p v op of 0z g o
..\..‘/- o
..\.\ ,..z. &\\.
\.\ .n. ..\M\ -G |0l
SN E
\‘\\s (l .............. ‘.\\ n_“
A Az @i \\\\.e.!...nb. ::::::: < o
g Tl x\..\.l..' - T - —— e
\..“.\ II‘.I.. - \\\l’l’ i
- anp——- ’Il'-t\\\\ Se. \\\ w
— Y .- ~v :
~¢l ¥
NOILATIA SB:1  0mmumem - Loz
NOILATG Ol 1| e-m=-—v <

(11)) snseys pejoejul jAeujpod *d D Ul

WNY3Is QgainMuagNn +———o

AjiAlpop Bujspesdu) Ajjjiqoewied JDJAISDA WnJes puD uol{d84u] JO 854N0d o4l g °Byd

361



