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TABLE iII-Half Lives of Drugs Used for Malaria

Half Life (h) Reference

Sulfadoxine .. . 200 Brooks et al. (1969)
Pyrimethamine 96 Smith and Ihrig (1959)
Sulfametopyrazine 65 Seneca (1966)
Diformyldapsone 30 Sonntag et al. (1972)
Dapsone .. . 21 Glazko et al. (1968)
Sulphadiazine 17 Richards (1970)
Sulphamethoxazole. 9 Schwartz and Rieder (1970)
Trimethoprim* 9 Schwartz and Rieder (1970)

Sulphamethoxazole and trimethoprim are the constituents of co-trimoxazole.

Single-dose Fansidar is more effective than multi-dose
clindamycin or tetracycline (Hall et al., 1975 b). Fansidar
alone often produces toxic manifestations such as fever and
urticaria and is slow acting, but when given at the end of a
course of quinine it caused no serious toxicity in over 300
patients. Sequential quinine-Fansidar is also more logical
than combination therapy because antimalarial activity in the
blood is thereby maintained longer.

Quinine has, of course, been used for malaria for several-
hundred years. Sulfadoxine was introduced for malaria by
Laing (1964). Chin et al. (1966) discovered the antimalarial
potentiation of pyrimethamine by sulfadoxine. The U.S.
Army found that a 14-day course of quinine with an initial
dose of sulfadoxine and pyrimethamine was effective against
falciparum malaria (Bartelloni et al., 1967; Brooks et al.,
1969). Nevertheless, the official U.S. Army regimen is still
quinine for 10 days, pyrimethamine for three days, and
dapsone for 28 days (Neva et al., 1970). In Laos a 7-10-day
course of quinine plus an initial dose of Fansidar was found
to be effective (Ebisawa et al., 1970). Quinine with Fansidar,
however, is not mentioned in the regimens recommended
by the W.H.O. (1973) or in the latest edition of a leading
textbook of medicine (Harrison, 1974).
We recommend that quinine (at least four doses) followed

by Fansidar should be officially adopted as the standard
regimen for chloroquine-resistant falciparum malaria. It
should be the yardstick by which newer drugs are compared.

Quinine is more effective than chloroquine against chloro-
quine-sensitive falciparum malaria from Africa (Ansdell et al.,
1974). Therefore, comparative studies of quinine and chloro-
quine with and without terminal Fansidar for African falci-
parum malaria are indicated.

We have found that clear-cut results are readily obtained
without risk to the patients when moderate and severe rather
than mild cases are selected for precise evaluation of effective
regimens. Mildly ill patients, presumably semi-immune, are
often cured by minimal therapy; such results can confuse
comparative studies.

We thank Rear Admiral Samrit Jatinandana, Royal Thai Navy,
and Colonels Phillip E. Winter and Craig J. Canfield, U.S. Army,
for their help and encouragement during this study.

This paper forms contribution No. 1301 to the U.S. Army's
research programme on malaria.
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Origin of Urinary Fibrin/Fibrinogen Degradation Products
in Glomerulonephritis
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Summary

To elucidate the origin of the fibrin/fibrinogen degrada-
tion products (F.D.P.) occurringin theurine inglomerulo-
nephritis 28 patients with glomerulonephritis were
examined for renal fibrinolytic activity, F.D.P. in
urine and serum, and blood fibrinolytic acti-
vators and inhibitors. Unlike the glomeruli of healthy
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kidneys, which were fibrinolyticly inactive, those of
kidneys with glomerulonephritis constantly showed
fibrinolytic activity. The presence or absence of fibrin in
the glomeruli was almost always accompanied by,
respectively, the presence or absence of urinary F.D.P.,
which suggested a renal origin of urinary F.D.P. in
glomerulonephritis. The low fibrinolytic activity of the
blood and the absence of F.D.P. in the serum of these
patients make it unlikely that the urinary F.D.P. in
glomerulonephritis result from glomerular filtration.

Introduction

In glomerulonephritis basement membrane antibodies or
circulating antigen-antibody complexes are believed to activate
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the complement system, which damages the endothelium of the
glomerular vessels. Platelets adhere to the denuded basal
membrane, where they initiate coagulation resulting in the
formation of fibrin deposits in glomeruli (Gotze et al., 1971;
Franklin et al., 1972). Complement factor 3b can also induce
coagulation directly (Zimmerman et al., 1971; Ruddy et al.,
1972). Glomerular fibrin deposits are most extensive in pro-
liferative glomerulonephritis (Clarkson et al., 1971; Hedner et
al., 1974) and may be seen by electron microscopy and immuno-
fluorescent techniques along the basement membranes,.in the
vessels, and in crescents (Thomas, 1971).

Attention has recently been focused on the fibrin/fibrinogen
degradation products (F.D.P.) in the blood and urine in patients
with glomerulonephritis, such products being considered a sign
of active pathological processes (Hedner and Nilsson, 1973).
The origin of F.D.P. in the urine remains debatable, though
they may result from lysis of the fibrin formed in the glomeruli
during the disease (Naish et al., 1970; Clarkson et al., 1971;
Hedner et al., 1971).
To elucidate further the origin of urinary F.D.P. in glomeru-

lonephritis patients with different types of this condition were
studied for renal fibrinolytic activity and the presence of fibrin
in the kidneys, F.D.P. in urine and serum, and activators and
inhibitors of fibrinolysis in the blood.

Patients and Methods

Twenty-eight patients, including one with a renal graft, who were
admitted to hospital because of proteinuria and suspected glomerulo-
nephritis were examined. The diagnosis was established by histological
examination of renal biopsy specimens obtained under direct fluoro-
scopic control with a Hamburger disposable needle. Part of the tissue

Sections of healthy (above) and diseased kidney cortex (below) processed
according to fibrin slide technique. No fibrinolytic areas were produced by
cells of healthy kidney despite prolonged incubation (60 minutes). Round
lytic areas at site of glomeruli of kidney with glomerulonephritis after 20
minutes' incubation.
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was fixed in formalin and part quickly frozen with rapidly expanding
carbon dioxide. Specimens from healthy renal cortex were obtained
by biopsy and at necropsy six to 12 hours after death. Renal function,
as judged from '1Cr-EDTA clearance, was normal in all 28 patients.

Light Microscopy.-The fragments fixed in formalin were em-
bedded in paraffin and cut into 3-tLm sections. The sections were
stained with haematoxylin and eosin, periodic-acid Schiff, and elastin
and by the periodic acid silver method.

Immunofluorescence.-In the direct method the l-,um sections were
treated with fluorescein isothiocyanate-conjugated antihuman fibrin-
ogen. The determinations were made by a routine method at the
laboratory of clinical chemistry, Kommunehospitalet, Copenhagen.

Fibrin Slide Technique.-The fibrinolytic activity of renal tissue
was assessed histochemically as follows: frozen sections, 4-6 .Lm thick,
were covered with a mixture of bovine fibrinogen and thrombin.
A 70-,um-thick fibrin film was obtained. Four slides were prepared for
each specimen. The slides were incubated in a moist chamber at 37°C
for 0, 10, 20 and 30 minutes. The fibrin film was digested at the sites of
fibrinolytic activity (Pandolfi et al., 1972). The fibrinolytic activity
was estimated fromthe focal lysis time-that is, the minimal incu-
bation time required to obtain well-defined areas of lysis (Kwaan and
Astrup, 1963).

Inhibitors of plasminogen activation (urokinase inhibitors) in serum
were determined by a clot lysis method (Paraskevas et al., 1962).

a2-Macroglobulin (immediate antiplasmin) was determined with
an esterolytic method (Ganrot, 1966).

Fibrinolytic activity of resuspended euglobulin precipitate of plasma
was measured on unheated bovine fibrin plates (Nilsson and Olow,
1962). The mean value ( d 2 S.D.) of 37 healthy controls was 98 ±
54mm2).
F.D.P. in serum and urine were determined immunochemically

(Nilehn, 1967) using a specific antiserum against the D product.
Collection of Urine for Determination of F.D.P.-(a) Morning urine

(10 ml) was collected without the addition of any inhibitor of fibrino-
lysis and was examined unconcentrated for F.D.P., but (b) when the
concentration of F.D.P. was too low to be shown a 24-hour urine
output was concentrated 200-500 times against a membrane that
retained proteins with a molecular weight above 12000 (Hedner
et al., 1974).

Results

Fibrinolytic activity could be shown histochemically in 25 out
of 27 biopsy specimens obtained from affected kidneys. The
activity was confined to the glomeruli and small cortical vessels
(see fig.). The focal lysis time varied from 0 to 20 minutes.
Sections of healthy cortex from both biopsy and necropsy
material failed to show any significant fibrinolytic activity even
when incubated for 50-60 minutes (see fig.).

Immunofluorescence showed material immunologically re-
lated to fibrin/fibrinogen in the glomeruli of 14 out of 26
patients studied (see table). In all 14 patients the glomeruli
showed fibrinolytic activity. No fibrin deposits were found in
nine patients who had fibrinolytic activity in the glomeruli.
Two patients had neither fibrin deposits nor glomerular
fibrinolytic activity. In 14 of the 26 patients the urine contained
0-04-23 mg/24 h F.D.P., and 12 of these 14 patients also had
fibrin deposits in the glomeruli. In the two with no fibrin in
their glomeruli F.D.P. were found only in low concentrations
in the urine (0-04 and 0-24 mg/24 h). Two patients with
glomerular fibrin had no demonstrable F.D.P. in the urine.
Thus there was a statistically significant association between
glomerular fibrin and F.D.P. in the urine (P < 0-0025, by the
x2 test).
Only one patient had serum F.D.P. The spontaneous fibrino-

lytic activity in the blood was low in all except three patients
(mean value 12 mM2). In all except eight patients the level of
inhibitors of fibrinolysis was high (see table).

Discussion

In renal diseases F.D.P. may appear in the urine by (a) filtration
of F.D.P. from the blood; (b) further degradation in the lower
urinary tract of fibrinogen filtered through the glomeruli; or

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.2.5961.17 on 5 A
pril 1975. D

ow
nloaded from

 

http://www.bmj.com/


BRITISH MEDICAL JOURNAL 5 APRIL 1975 19

Findings in 28 Patients with Proteinuria and Glomerulonephritis

Lytic Activity Urokinase
Ca,* in Cortex Inhibitors oa-Macroglobulin Serum F.D.P. Urine F.D.P.
No. Diagnosis Fibrin (min) (%) (%) (mg/1) (mg/24 h)

1 Chronic proliferative glomerulonephritis _ N.S. 156 89 0 0
2 Lupus erythematosus + 0 140 98 0 0-8
3 Henoch-Schonlein syndrome + 10 202 143 0 0
4 Focal proliferative glomerulonephritis 20 101 117 0 024
5 Membranous glomerulonephritis 10 154 126 0 0
6 Focal sclerotic glomerulonephritis N.S. 140 90 0 0
7 Extracapillary glomerulonephritis + 5 160 66 20 23
8 Chronic proliferative glomerulonephritis _ 10 180 160 0 0
9 ,, + 20 160 171 0 1-4
10 ,, + 10 114 150 0 4-3
11 + 0 148 200 0 6 0
12 , 20 180 140 0 0
13 ,, ,,, _ 20 127 178 0 0 04
14 Membranous glomerulonephritis _ 0 0 0
15 Chronic proliferative glomerulonephritis - 20 105 110 0 0
16 Minimal change + 20 135 167 0 0
17 Chronic proliferative glomerulonephritis + 10 0 2-8
18 S I+ 10 0 0-85
19 Membranoproliferative glomerulonephritis + 10 172 0 1168
20 Chronic proliferative glomerulonephritis + 0 0 0 8
21 ,, ,, ,, + 0 0 6-3
22 ,, + 0 0 3-5
23 Acute proliferative glomerulonephritis 5 90 114 0
24 Acute diffuse proliferative glomerulonephritis + 0 200 270 0 0-23
25 Haematuria N.S. 89 89 0 0
26 Acute proliferative glomerulonephritis 20 96 88 0
27 Glomerulonephritis in graft 0 162 80 0 0
28 Nephrosclerosis 0 139 91 0 0

Normal range _ - 69-140 80-120 <5 0

N.S. = Not studied.

(c) local lysis of fibrin/fibrinogen by the renal fibrinolytic
activators (Naish et al., 1970; Clarkson et al., 1971; Hedner and
Nilsson, 1973). Our findings of a highly significant correlation
between fibrin and fibrinolytic activity in the glomeruli on the
one hand and F.D.P. in the urine on the other strongly supports
the opinion that urinary F.D.P. result from lysis of the glom-
erular fibrin. That local fibrinolysis plays a part in the formation
of F.D.P. in the urine is also suggested by the low concentration
of the spontaneous fibrinolytic activity in the blood and the
increased levels of inhibitors of fibrinolysis, which make a
dissolution of the glomerular fibrin by the blood fibrinolytic
activity unlikely. That only one patient had F.D.P. in the blood
indicates that the urinary F.D.P. of our patients were not
filtered from blood.
There is an alternative hypothesis that urinary F.D.P. reflect

non-selective proteinuria in patients with circulating F.D.P.
When we studied the degree of albuminuria and the selectivity
of the proteinuria, however, we found that the concentration of
urinary F.D.P. was independent of the severity and selectivity
of proteinuria. We have discussed this in detail (Hedner et al.,
1974), and Clarkson et al. (1971) also failed to find any asso-
ciation between urinary F.D.P. and selectivity of the proteinuria.

Local fibrinolytic activity was found in all the patients with
glomerulonephritis with demonstrable glomerular fibrin deposits.
Healthy kidney tissue, however, had only negligible fibrinolytic
activity. These results agree with the low fibrinolytic activity of
renal cortex found in investigations using extraction (Albrecht-
sen, 1959) or histochemical methods (Pandolfi et al., 1970), as
well as with the observation of Humair et al. (1969) that fibrino-
lytic activity could be elicited in the glomeruli of the rat by
inducing coagulation and precipitation of fibrin in the kidney.
Bergstein et al. (1972), however, observed fibrinolysis at the site
of both healthy and diseased glomeruli.

It is still obscure why the glomeruli become active in glom-
erulonephritis. Bernik (1973) has shown that fibrin enhances the
fibrinolytic activity of in vitro cultures of kidney. Coagulation
process occurring in diseased glomeruli might induce fibrino-
lytic properties in these structures which would otherwise be
inactive. In nine of our patients the fibrinolytic activity of the

glomeruli was high, but no fibrin deposits could be found. Two
patients had neither fibrin nor fibrinolytic activity. In the
patients with fibrinolytic activity but no demonstrable fibrin the
deposits may have been broken down and removed before
biopsy was performed. At least three of these patients had been
followed up clinically and were in full remission. This might
mean that a high fibrinolytic glomerular activity in the absence
of fibrin is a prognostically favourable sign.

This study was supported by grants from the Swedish Medical
Research Council (B75-19X-87-11A) and the Medical Faculty,
University of Lund.
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