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Mode of Action of Diethylcarbamazine on Microfilariae of
Setaria cervi Implanted into White Rats

Introduction

Diethylcarbamazine citrate (Hetrazan) re-
mains the drug of choice for the control of
human and animal filariases. The administ-
ration of the drug results in drastic reduc-
tion in the microfilarial level of infected
animal, while having no significant effect
on adult worms at the therapeutic levels.
The mode of action of the drug on the
microfilariae is not very clear. Hawking ez
al. (1950) for the first time put forward the
hypothesis that Hetrazan removes the micro-
filariae of Litomosoides carinii from periphe-
ral blood circulation by modifying them in
some way, so that they are held in the liver
and destroyed by phagocytosis.

The present paper describes the antifilarial
action of Hetrazan on microfilariae of Setaria
cervi, with special reference to the mecha-
nism underlying its action in the liver of
implanted rats.

Materials and Methods

Five adult worms were implanted intra-
peritoneally into white rats according to the
method described elsewhere (Baqui and An-
sari, 1976). The study was conducted on
30 infected rats divided into two batches.
In the first batch, 20 microfilaria positive
rats were treatad with Hetrazan orally at 7
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A.M. (100 mg/kg/day) ; and 15 of them com-
prising 5 rats each, were killed at 1-, 5-,
and 20-hour intervals after drug administra-
tion. The liver was removed and fixed in
Bouin’s solution. Blood (1 mm?®) was taken
from the tail immediately before the treat-
ment and after 1-, 5- and 20-hour post-
medication periods for counting microfilariae.
Five rats were maintained to study the
nature of reappearance of microfilariae after
discontinuation of the drug. The second
batch consisted of 10 untreated rats and
served as control. Microfilarial density was
also recorded in all these rats. Five of 10
control rats were maintained to observe the
daily changes in microfilarial density for 26
days after infection, and rest of the rats
were sacrificed for histological examination
of the liver.

The organ was sectioned at 4 ¢ and stained
in haematoxylin-eosin stains. The sections
were searched systematically and number of
microfilariae were counted. Usually 100 sq.
mm. of section was examined. The count
included only those microfiariae which were
in sinusoids of the liver and microfilariae
lying in tissues were excluded for it was
sometimes difficult to identify. Only those
microfilariae were counted which were cut
obliquely or longitudinally to the plane of
the section. Those cut transversally were
almost impossible to distinguish and identify,
hence excluded. The area of section was
measured by using ocular micrometer. Im-
mersion oil was used to identify the type
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Table 1 The distribution of microfilariae in control and

Hetrazan treated rats

Treated rats

Reappearance of mf

Co;lttrol Hours after treatment (in days)
Organ rats Before -
mf range treatment 1 5 20 8 9 10
mf range mf range
No. of 6~10 6~9 4~6 3~5 3~6 0~1 0~1 0~3
mifmm® (7.840.3)  (8+0.2) (4.8+0.3) (4=0.4) 4.4+0.5) (0.2+0.1) (0.2+0.1) (1.6%0.5)
No. of
mf/100 1~5 10~18 6~11 2~7
dsq, mm. (5 80.7) —  (13.8+1.6) (8.6+1.0) (4.6%1.0) - - -
section

Figures in parentheses are mean microfilarial density.

of phagocytes adhering to or around the
microfilariae. Photographs of the microfi-
lariae were taken at a high power magnifi-
cation.

Results

Table 1 presents the distribution of micro-
filariae in peripheral blood and liver of con-
trol and Hetrazan treated rats. Immediately
before the drug administration (7 A.M.),
microfilarial concentration in blood on 12th
day of infection was noted to be between
69 (mean 8.0/mm?®). At 1 hour post-treat-
ment, microfilarial density in blood declined
to 40.0%. By 5-20 hours, the decrease was
noted to be between 50-45% (Table 1).
Microfilariae during these post-treatment
periods remained constantly low ranging
from 3-6/mm?® of blood. The number of
microfilariae present in liver section in con-
trol rats were ranging from 1-5 with an
average of 2.8/100sq. mm area. This figure
was comparable with that of treated groups.
At 1 hour post-treatment, there was a sharp
increase (392.8%) in microfilarial density in
liver of treated rats. This increase was fol-
lowed by a relative decrease by 5 hours and
tended to come to almost normal figure by
20 hours post-treatment (an increase of only
64.2%).
the liver was noted between 1-5 hours post-
treatment (Table 1).

Maximum microfilarial density in
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Five infected rats of the first batch were
continuously treated with Hetrazan at a
dosage of 100 mg/kg, and noted the time of
complete disappearance and reappearance of
microfilariae in blood. After 5 consecutive
days of medication in these rats, microfilariae
were found to have completely disappeared
from peripheral blood circulation but reap-
peared after a lapse of 7 days of discontin-
uation of drug. The microfilariae thus ap-
peared were found to be sheathed ones.
Figure 1 shows the daily changes in micro-
filarial density of treated rats and untreated
control rats. The microfilarial population
in untreated control group was found to be
smoothly increasing whereas in treated group
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Fig. 1 Effect of diethylcarbamazine on micro-

filariae of Setaria cervi.
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Photo. 1-4 Microfilariae in the liver of white rats X675.

Liver 1 hour after Hetrazan treatment, some phagocytes near the microfilaria.
Liver 5 hours after treatment, partial destruction of microfilaria.

Photo. 1 Liver of control rat; no phagocytosis.
Photo. 2
Photo. 3
Photo. 4

microfilarial density tended to decline fol-
lowing drug administration, and reached to
zero by 17th day of infection. The micro-
filariae reappeared in blood circulation in
these rats after a lapse of 7 days of discon-
tinuation of drug but their number was
very low and ranged from 0-3/mm?® (Table
1; Fig 1).

Photograph 1 shows the normal microfilaria
in liver section of control rat with no sign
of phagocytosis. Photogrraphs 2-4 show the
gradual destruction of microfilaria in the
liver through a process of phagocytosis under
the influence of the drug. Photograph 2
shows the crowding of phagocytic cells on and
around the microfilaria after an hour of drug
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Liver 20 hours after treatment, microfilaria completely destroyed.

administration. Photograph 3 shows the par-
tial destruction of microfilaria by phagocytes
after 5 hours. By 20 hours, microfilaria was
completely destroyed by phagocytes (Photo-
graph 4). The cells surrounding the micro-
filaria were found to be polymorphs and
Kupffer cells of the liver.

Discussion

Hetrazan has no significant lethal action
in vivo on adult worms of Setaria cervi at
therapeutic levels. However it causes rapid
disappearance of microfilariae from peripheral
blood circulation (Baqui and Ansari, 1976).
It has been observed that under the influence
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of the drug microfilariae leave blood circula-
tion and get collected in the liver. Conse-
quently, the level of microfilaraemia is con-
siderably increased in the liver as compared
to that of control group. This increase is,
however, followed by a decline after a lapse
of 20 hours which could be accounted for
the destruction of microfilariae in the liver
through a process of phagocytosis. This
view is further strengthened by the fact that
the microfilariae leaving peripheral blood
circulation under the influence of the drug
never return to it. Consequently, the level
of microfilaraemia in peripheral blood never
reaches to normal level even after 20 hours
post-medication period. The cells mainly
taking part in the phagocytic process were
found to be polymorphs and Kupffer cells of
the liver. These observations are in accor-
dance with the earlier investigations carried
out in cotton rats infected with Litomosoides
carinii (Hawking et al., 1950 ; Kobayashi ez
al., 1969 ; Nand and Sen, 1976).

The factor initiating the phagocytic pro-
cess following drug treatment is not clear.
Hawking et al. (1950) have suggested that
the drug exerts opsonin-like action on micro-
filariae and as a result they are finally re-
moved through a process of phagocytosis in
the liver. Their experiments have shown
that under the influence of the drug maxi-
mum number of microfilariae get accumulated
in the liver and to a minor degree in the
spleen and marrow where they are phago-
cytized by polymorphs and Kupffer cells;
and the time required for complete removal
of microfilariae of Litomosoides carinii in the
liver of cotton rats is 18-23 hours. These
observations were further strengthened by
Taylor (1960) in cotton rats infected with
Litomosoides carinii.

Elaborate studies on the mode of action
of Hetrazan have been carried out by Sch-
ardein et al. (1968) in Litomosoides carinii
infection in gerbils. They have reported
that within 20 minutes of the Hetrazan
the blood
circulating microfilariae get collected in the
the

treatment given intravenously,

sinusoids or localised within hepatic
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cells. And the drug exerts its effect on
microfilariae through a process of lysis per-
haps through loss of sheath, and are finally
removed by phagocytosis. He has further
reported that those microfilariae localised
within the hepatic cells apparently escape
phagocytosis and may possibly be considered
as a source of infection and reappearance.

Latest studies have shown that certain
immunological factors are also involved which
leave the microfilariae susceptible to drug’s
action and phagocytosis. Kobayashi et al.
(1969) have reported that the effectiveness
of diethylcarbamazine on microfilariae of
Litomosoides carinii in cotton rats is closely
associated with the presence of humoral
antibodies. Matsuda ez al. (1976) have also
reported similar results in jirds infected
with Litomosoides carinii, and have shown the
presence of high antibody titer detectable by
hemagglutination test. Their experiments
have further shown that diethylcarbamazine
not only removes the microfilariae of Lito-
mosoides carinii in jirds but it also in some
way increases the level of antibody titer.
Rao et al. (1977) have reported that the
microfilariae of Litomosoides freshly infused
into normal animal remain unaffected by
the drug, hence sensitization is a prerequisite
for the drug to exert its effect.

Characteristic reappearance of microfilariae
in the present study after discontinuation
of the drug may be explained on the basis
of earlier observations made by Hawking ez
al. (1950). It is the result of supply of fresh
brood from adult worms which remain un-
affected by the drug. This view is further
strengthened by the fact that sheathed
microfilariae were observed. Hence, these
microfilariae may not be intracellular forms
as suggested by Schardein ez al. (1968).

Summary

White rats experimentally infected with
Setaria cervi were treated with diethyl-
carbamazine citrate. Under the influence
of the drug most of the circulating micro-
filariae leave the blood stream and get col-
lected in the liver where they are phago-



cytized by polymorphs and Kupffer -cells.
Reappearance of the microfilariae after dis-
continuation of the drug supports the con-
cept of fresh supply from adult worms which
apparently remain unaffected by the drug.
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ABDUL BAQUI AND JAMIL A. ANSARI
(THAHFNVBRY DREGHYFEEE, FEREHIEE)

Litomosoides carinii \Z%t3 % Diethylcarbamazine
citrate (DEC) o {EFAMEIC oW TIZ BADOWFEN B
B0, EEESICHEASN DI TRV, EHLI
Setaria cervi DI 7 w7 17 V7 (Mf) #EBENER
L7c7 » bic DEC (1 H 100 mg/kg) &#E&AKEL,
BEE#B IV 1, 5. 20f#0MmF Mf Hx2H-<,
#45 1, 5, 20 Rt OfF Mf &7 f5%, DEC
BEHORORE L L bzt Mf 3P L, iF Mf

ML, BF ME 3EEEALRS IV 7 v 7=
VIRICHR S h, 5 BEIBRICIT—ERIC REES A B,
20 B % TIC Elic Mg S hic. 75 Hf§o DEC
HEHREIZX i Mf A5Eaicilk L4, DEC #&
Bl LR, 7 Bgicidhic Mf 2AEHBR L.
Zhix DECIT X » THEEZIT /e o Tl ih b4
ShizbolEbhs.
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