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Effect of nifedipine on Leishmania donovani infection in-vivo and in-vitro: 
chemiluminescence responses of peritoneal macrophages and neutrophils 
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Abstract-After peritoneal macrophages had been exposed to 
different concentrations of nifedipine (10-120 ng mL-’) there was a 
significant increase ( P <  0401) in the percentage of Leishmania 
donovani infected macrophages compared with controls. Parasite 
load was also significantly increased (P <04)01) in nifedipine- 
treated, L. donovani infected, BALB/c mice, compared with 
untreated, infected mice, post-inoculation. Peak chemiluminescence 
responses were significantly depressed (P< 0.001) in nifedipine- 
treated infected mice compared with untreated mice post-inocula- 
tion. It is suggested that availability of intracellular calcium is a 
factor in the defense mechanism of inflammatory cells in L. donovani 
infections. 

Amastigotes of Leishmania donovani survive destruction by 
macrophages by excreting a carbohydrate-containing substance, 
excreted factor (EF) which has anti-/?-galactosidase activity for 
mouse peritoneal macrophages (El-on et al 1980; Eilam et a1 
1985). EF also has the ability to bind Ca2+ thus elevating 
intracellular calcium in infected macrophages, so that the 
parasite is maintained in a microenvironment with a high Ca2+ 
concentration. This high concentration of Ca2+ bound to the EF 
within the phagolysosomes might increase the stability of the 
amastigote membrane (Carafoli & Crompton 1978) thus regu- 
lating the proliferation of amastigotes (Rasmussen & Goodman 
1977; Rebhun 1977). 

Another parasiticidal mechanism in L. donovani infections is 
the production of oxygen free radicals in inflammatory cells such 
as macrophages and neutrophils. The production of free radicals 
and other neutrophil responses such as chemotaxis, degranula- 
tion and phagocytosis depends on the changes in Ca2+ influx 
across the membrane (Irita et a1 1986) suggesting that Cazt 
might be regulating the production of these toxic anions. 

Ca2+ governs the optimal functioning of most of the immune 
and non-immune cells (Fanta & Drazen 1983). The calcium 
channel blocking drugs are known to affect the metabolism of 
macrophages and neutrophils (Wright et a1 1985; Irita et a1 
1986). 

For this reason we have examined the effect of the calcium 
channel blocking drug nifedipine on the conversion of Leishma- 
nia donovani promastigotes to amastigotes in macrophages and 
on the parasite load. In addition, the respiratory burst of 
macrophages and neutrophils obtained from nifedipine treated 
L. donovani-infected, BALB/c mice has been compared with 
untreated infected animals. 

Materials and methods 

Parasite. Leishmania donovani, strain RMRI 68, maintained by 
serial subcultures in modified NNN medium (Rao et a1 1984) 
and by intracardiac inoculations in hamsters and mice, was used 
for the inoculation of an inbred strain of BALB/c mice, 18-20 g. 

Drug. Nifedipine, obtained from Torrent Drug and Chemicals 
Pvt. Ltd, India, was dissolved in a minimal volume of ethanol 
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and the final volume was made in 0.9% NaCl. Animals were 
dosed orally (0.01 5 mg kg-’ day- I )  for 15 days. 

Course of infection. The mice were inoculated with 10’ promasti- 
gotes (obtained from NNN medium) by intracardiac inocula- 
tion (Sodhi et a1 1989). Animals (n = 5) were killed on days 0,7, 
14 and 21 post-inoculation. The parasite load was monitored by 
impression smears of liver stained with Giemsa (Stauber 1958). 

Experimental groups. One group of animals received nifedipine 
orally for 15 days and then were inoculated with L. donovani. 
The other group was inoculated with L. donovani but not given 
the drug. 

Chemihminescence responses of macrophages and neutrophils. 
Peritoneal macrophages were harvested by the method of Stuart 
et a1 (1978) in McCoy’s medium (Hi-media). lo6 cells mL-I were 
allowed to adhere in cuvettes in McCoy’s medium with 10% 
foetal calf serum (FCS, Sera-Lab) for 45 min at 37°C in a C02 
incubator. The medium was then replaced with minimum 
essential medium (MEM) without indicator. 

For isolation of neutrophils, heparinised blood was subjected 
to density gradient centrifugation on a Ficoll hypaque (lympho- 
prep) column (Cheung et a1 1984). lo6 cells mL-l were incubated 
in MEM at 37°C for 10 min. 

Chemiluminescence responses of macrophages and neutro- 
phils were measured in a luminometer. Values were recorded as 
integrated counts min-l using latex as a non-specific stimulant. 

Eflect of nifedipine on in-vitro conversion of promastigotes to 
amastigotes in macrophages. Peritoneal macrophages, 1 O6 cells 
mL-’ were suspended in RPMI-1640 with 10% FCS. The cells 
were allowed to adhere to sterilized coverslips in plastic 
petriplates (35 mm diam., Steriware) for 2 h at 37°C in a C02 
incubator. The medium was replaced and after 24 h these 
cultures were exposed to various concentrations of nifedipine 
(10-120 ng mL-’). This procedure was performed in triplicate. 
L. donovani promastigotes in the ratio of 5: 1 were added to the 
macrophages and incubated after which the coverslips were 
dried, fixed and stained with Giemsa. The percentage of infected 
cells was calculated by microscopic examination and values were 
given as mean f s.d. of triplicate cultures. 

Results 

Effect of nifedipine on parasite load. The parasite load was 
significantly greater ( P i  0.01) in nifedipine-treated, L. donovani 
infected mice compared with untreated mice on all post 
inoculation days (Fig. 1). 

Chemiluminescence responses of macrophages and neutrophils. 
The peak chemiluminescence responses of peritoneal macro- 
phages from nifedipine treated infected mice showed a signifi- 
cant reduction (Pc 0.025) when compared with untreated 
infected mice, on various post-inoculation days. No significant 
difference (P > 0.05) in peak chemiluminescence was observed 
on day 21 (Fig. 2). 

Peak chemiluminescence responses of neutrophils also 



COMMUNICATIONS 141 

so00 

5j 
.E - 
.5 4000 

b 
.- 
C m 

C 
0 
-0 
m 
c .- 

E 
.- 5 
J”m 

0 

** 

0 7 14 21 
Post inoculation (days) 

FIG. 1. Course of L.  donouani infection in nifedipine treated (0) and 
untreated (A)  L. donovani infected BALB/c mice. Each symbol 
represents mean+s.d. of five mice. *P <0.01; **P<0,005; 
***P <0,001 compared with values from untreated infected mice. 
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FIG. 2. Chemiluminescence responses of peritoneal macrophages 
from nifedipine treated (0) and untreated ( A )  L.  donooani infected 
BALB/c mice. Each symbol represents meanfs.d. of five mice. 
*P<0.025; **P < 0.001, compared with values from untreated mice. 

showed a similar trend, i.e. a significant reduction (P < 0.005) in 
peak responses was observed in the nifedipine treated group 
compared with the untreated group post-inoculation (Fig. 3). 
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FIG. 3. Chemiluminescence responses of neutrophils from nifedipine 
treated (0) and untreated (A) L. donovani infected BALB/c mice. 
Each symbol represents mean+s.d. of five mice. *P <OxJO5; 
* * P <  0.001, compared with values from untreated mice. 

Table 1. Effect of nifedipine on the conversion of promastigotes to 
amastigotes in-vitro (n = 3). 

Concentration of 
nifedipine (ng mL- 

0 (Control) 
10 
20 
40 
50 
75 

I00 
120 

‘1 Infected macrophages (%) 
43.8k2.1 
50.0 f 3.5* 
57.0 f 24*** 
60.0+4.8** 
66.0+ 5,0*** 
72.0+4.5**** 
80.0*3.5**** 
80.0 f 4,8**** 

*P >0.05; **P<O.OI; ***P<0.005; ****P<0@01 

Effeect of nifedipine on conversion ofpromastigotes to amastigotes 
in-vitro. Over the range 10-120 ng mL-’ there was a direct 
relation between the concentration of nifedipine and the number 
of infected macrophages. At 120 ng mL-’, nifedipine, 80.0 f 5% 
of the macrophages were infected which is highly significant 
(P<O.OOI) compared with control cultures (43.8*2.1%) 
(Table I). 

Discussion 

The blocking of calcium channels by nifedipine prevents lysoso- 
ma1 enzyme in the macrophages acting on the parasite (Eiferink 
1982). Such conditions favour the survival of the parasite inside 
macrophages and hence the parasite load would be increased in 
nifedipine treated infected mice, as demonstrated in this study. 

A reduction in oxygen free radicals as measured by chemilu- 
minescence responses of macrophages and neutrophils in nifedi- 
pine-treated infected mice was observed. Peak chemilumines- 
cence responses showed a depression after L. donovani infection, 
which indicates that the microbicidal function of phagocytic 
cells is impaired during L. donouani infection, which may result 
in the survival of parasites in immunocompetent cells. 

The increase in the percentage of infected macrophages after 
in-vitro exposure to nifedipine, also suggests that nifedipine 
impairs the microbicidal functions of macrophages. 
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From these studies, it is clear that the availability of intracellu- 
lar calcium is a factor in the defense mechanism of inflammatory 
cells in L. donovani infections. 
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Concentration of ibuprofen in cervical mucus 
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Abstract-Concentrations of an acidic drug, ibuprofen, in cervical 
mucus and serum have been measured by HPLC after oral 
administration in six healthy volunteers. After an 800 mg single dose 
of ibuprofen, the concentration reached in cervical mucus was less 
than 4% of that in serum. It is postulated that because ibuprofen is 
an acidic drug which is not subject to ‘ion-trapping’ in the acidic 
environment of cervical mucus, it is not concentrated in this 
secretion. 

Studies on drug disposition in cervical mucus are important for 
at  least two reasons. Firstly drugs may exert their therapeutic 
action through their concentration in the genital tract, for 
example metronidazole in the treatment of Trichomonas infec- 
tions (Fleury et al 1977). Secondly, drugs may exert unwanted 
effects, for example reducing sperm motility and fertility. 
Propranolol has been shown to be concentrated in cervical 
mucus (Pearson & Ridgway 1985) and to reduce sperm motility 
in-vitro (Hong et a1 1981). 

Little is known, however, of those physicochemical properties 
of a drug which determine its penetration into the female genital 
tract. Basic drugs such as propranolol have been shown to 
concentrate forty fold in cervical mucus after oral administra- 
tion (Pearson & Ridgway 1985). The disposition of acidic drugs 
in cervical mucus has not been studied. We have examined the 
concentration of a widely used acid drug, ibuprofen, in cervical 
mucus and serum with a view to identifying those factors 
influencing the secretion ofdrugs into cervical mucus. Ibuprofen 
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is acidic (pK, S), moderately lipophilic and is 99% bound to 
serum proteins (Albengres et al 1988). It is readily and almost 
entirely absorbed after oral administration (Moffat 1986) and is 
inactivated and/ or eliminated by biotransformation, the liver 
fulfilling the main role in its total body clearance. Studies on its 
distribution in other bodily fluids have shown that the ratio of its 
concentration in synovial fluid compared with plasma was about 
1.25 after a single dose with a similar value obtained a t  steady 
state (Netter et al 1989). In a case report, negligible levels (< 0.05 
p g  mL-’) of ibuprofen and its metabolites were reported in the 
breast milk of lactating women after 17 days of therapy with 400 
mg tablets of ibuprofen twice a day (Weibert et al 1983). 

Materials and methods 

Subjects and experimental design. Six healthy female volunteers, 
aged 21-23 (mean 21.3) years and weighing 57.2-72.0 (mean 
65.2) kg, took a single dose of 800 mg (2 x 400 mg tablets) 
ibuprofen (Boots CO. PIC) by mouth at 0800 h on the study day 
after overnight fasting. They attended on day 14 of the 
menstrual cycle when the cervical mucus is most prolific. None 
were using hormonal contraceptives or intrauterine devices. All 
were non-smokers, drug-free and abstained from sexual inter- 
course for two weeks before and during the study. None had 
significant abnormal findings on clinical examination, plasma 
biochemistry, urinalysis or was pregnant. All volunteers were 
informed of the design and aims of the study and gave written 
consent. This study was approved by the City and Hackney 
District Health Authority Ethics Committee. 


