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ABSTRACT
The efficacy of cysteine inhibitor on murine Schistosoma mansoni was studied via injection of inhibitor to infected mice for 10 successive days either starting on day 1 or on day 21 or on day 45 post infection. Eight weeks post infection animals were sacrificed and subjected for parasitological, histological and physiological assessments. Then levels of proteases activity were assayed in normal, infected and infected treated mice in serum, livers, intestine, as well as, in S. mansoni worms and ova collected from different groups under study. 

Both the parasitological and physiological studies gave rise to the same conclusion denoting that treatment with  cysteine  protease inhibitor, phenyl vinyl sulfone, at 45 day post infection could reduce the worm burden, egg tissue load, granuloma diameter,  ova hatchability, proteases activity in S. mansoni worms and ova. This treatment at the same time helps mice to attain approximately normal physiological state as expressed by their serum proteases activity.
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INTRODUCTION
Different types of stress can activate distinct metabolic defense pathways, thereby leading to production of a variety of chemicals. When an organism is stressed, several biochemical processes are activated and many new chemicals, in addition to those constitutively expressed, are synthesized. These chemicals include enzymes, enzyme inhibitors (especially protease inhibitors), lectins, alkaloids, terpenes, oligosaccharides, and antibiotics. The biosynthesis of these defense chemicals and secondary metabolites is not yet fully understood, Benoit (2004). 

Protease inhibitors are molecules that inhibit the function of peptidases (old name: protease, hence the term protease inhibitor). Many naturally-occurring protease inhibitors are proteins. They are classified either by the type of protease that inhibit, or by their mechanism of action (Wikipedia 2008). Abrahamson (2007a) reported that Natural inhibitors of proteases are normally small proteins, with structures highly complementary to their target enzymes' substrate-binding clefts. They can, therefore, bind target enzymes with high affinity, to result in efficient blocking of substrate binding to the enzyme and, thus, inhibition of enzyme activity. Also, Abrahamson (2007b) Medically interesting proteases in Family C1 (the papain family) reported that include mammalian enzymes such as cathepsins B and L (involvement in cancer growth and metastasis) and cathepsin K (of importance for bone degradation an osteoporosis) as well as parasitic enzymes being essential for the parasite-host interaction (e.g. cruzipain from Trypanosoma cruzi - causing Chagas' disease, and falcipain from Plasmodium falciparum - causing malaria). Enzymes belonging to Family C13 (the legumain family) have been shown to play key roles in antigen presentation. Interleukin converting enzyme (ICE) and other enzymes belonging to Family C14 (the caspase family) have gained much interest recently, as key mediators of apoptosis. Many proteases of pathogenic bacteria are virulence factors and cause severe problems for the host at infections, such as gingipains (Family C25) of Porhyromonas gingivalis in periodontitis and streptopain (Family C10) from Streptococcus pyogenes.  

Schistosomiasis is a chronic, debilitating parasitic disease infecting more than 200 million people and is second only to malaria in terms of public health importance. Due to the lack of a vaccine, patient therapy is heavily reliant on chemotherapy with praziquantel as the World Health Organization–recommended drug, but concerns over drug resistance encourage the search for new drug leads (WHO, 2002). The hypnosis of encouraging the metabolic defense pathways of an organism against parasite infection using a family of proteases inhibitor was successfully applied in trials to develop new antischistosomal drugs. Cysteine protease inhibitors block parasite replication and differentiation, providing an alternative to traditional therapy in drug-resistant organisms.

In this work, the efficacy of cysteine inhibitor on murine Schistosoma  mansoni was studied by parasitological and histological assessments. Then the efficacy of cysteine inhibitor, was evaluated by proteases activity measurements in serum, liver and intestine of S. mansoni infected mice under the effect of inhibitor, in S. mansoni ova and worm under the effect of inhibitor..

MATERIALS AND METHODES

Materials:

Cysteine proteases inhibitor: 

Chemistery: fluromethyl ketones cysteine protease inhibitor: Morpholine urea-phenyalanine- homophenylalanine -fluromethyl ketones (Mu- phe-Hph-Ch2F). It was synthesized by scientists at prototek, Inc, with the method puplished by Rasnick,1985.

Animals:

Mice:

Albino mice were supplied by Schistosome Supply biological Program (SBSP) at Theodor Bilharz Research Institute(TBRI).

Schistosoma mansoni cercariae: 

Schistosoma mansoni cercariae used in mice infection were supplied by Schistosome Supply biological Program (SBSP) at Theodor Bilharz Research Institute(TBRI).

1- The efficacy of cysteine proteases inhibitor on murine Schistosoma mansoni: 

-The applied dose:

A pilot study was conducted to estimate the appropriate dose of cysteine proteases inhibitor for mice. 40 normal albino mice weighting 20±2gm were randomly divided into groups each comprised of 8 mice. These groups received gradual decreasing intraperitoneal dose of inhibitor starting from 500 mg/Kg to 100 mg/Kg. The later dose did not show any mortality and thus was the chosen dose for this study. 

-Experimental design:

40 normal mice were infected, each with 80 cercariae. The infected mice were divided into groups, three of them were treated with the chosen dose of cysteine proteases inhibitor and the fourth group untreated as follows: 

Group I: One days post infection, mice were intraperitoneal treated with 100 mg/mouse of cysteine protease inhibitor for 10 consecutive days.

Group II: Three weeks postinfection, mice were intraperitoneal treated with 100 mg/kg of cysteine protease inhibitor for 10 consecutive days.

Group III: Six weeks postinfection, mice were intraperitoneal treated with 100 mg/kg of cysteine protease inhibitor for 10 consecutive days.

Group IV: Infected untreated mice.

Eight weeks post infection animals were sacrificed and subjected for   parasitological and histological assessments. Also, hatched miracidia were examined for their infectivity to B. alexandrina snails.  

Parasitological assessments:

Worm burden: Hepatic and portomesenteric vessels were perfused according to (Duvall and DeWitt, 1967) to recover worms for subsequent counting.

Tissue egg load: The number of ova/gm hepatic or intestinal tissue was counted after digestion overnight in 5% KOH according to (Cheever, 1968).

Percentage egg developmental stages "oogram pattern": the percentages of eggs at the developmental stages were examined in three samples/mouse and the mean of each stage/animal was obtained  according to (Pellegrino et al., 1962).
Histological assessments and measurement of liver granuloma:
After perfusion, a lobe of the mice liver from all the tested groups and normal were fixed in 10 % formaline solution and dehydrated. Transverse sections of paraffin blocks were prepared, cut and stained according to Von Lichtenberg (1962). Five slides/animal and 3 sections/slide in each group were prepared. The mean granuloma diameter (M.G.D)/group was calculated for about 140 lesions. The percent suppression of mean granuloma diameter/treated group was calculated according to the formula: 

Suppression = M.G.D. of control group - M.G.D. of treated group × 100
M.G.D. of control group

3- Measurements of proteases activity 

The proteases activity was measured using the Proteases Fluorecnt Detection Kit which was derived from SIGMA Company (Product code: PF0100). This kit has been optimized to detect a diverse range of proteases found in physiological applications. It is suitable for detection of serine, cysteine, metallo, and aspartic proteases. The kit provides ready –to- use reagents for detecting the presence of proteases activity by the simple assay uses casin labeled with fluorescein ((FITC) as the substrate. Since protease activity results in the cleavage of the FITC- labeled casein substrate into smaller fragments, which do not precipitate under acidic conditions. After incubation of the protease sample and substrate, the reaction is acidified with the addition of trichloroacetic acid (TCA). The mixture is then centrifuged with undigested substrate forming a pellet and the smaller, acid soluble fragments remaining in the solution. The supernatant in neutralized and the fluorescence of the FITC-labeled fragments is then measured in 96 well flat bottom black Polystyrene Microlon high binding plate. The levels of proteases activity were assayed in serum, livers, intestine, worm, ova and hemolymph. Equipments and procedure of measurements were made according to the technical Bulletin of the kit.

Sample preparations:

Proteases activity under the effect of cysteine proteases inhibitor:

Serum separation: blood samples were collected from infected and infected treated mice of the four groups under study and normal ones in tubes without anticoagulant then centrifuged to get serum which was frozen at – 20C till used. Also, Livers and intestines were removed from the same mice groups and normal ones homogenized electrically in phosphate buffer pH (7.0) at a ratio of 1g : I ml tissue/buffer. The homogenates were centrifuged for 20 minutes at 3500 r.p.m. at 4ºC, the supernatant was kept in -20ºC till used. In addition, worms and ova of S. mansoni were collected from infected and infected treated mice groups were homogenized electrically in phosphate buffer pH (7.0) at a ratio of 1g in I ml. The homogenates were centrifuged for 20 minutes at 3500 r.p.m. at 4ºC, the supernatant was kept in -20ºC till used. 

Results

For comparing the different parasitological criteria expressing biological fitness of the S. mansoni normally developed and that developed under the effect of cysteine proteases inhibitor administered to the infected mice at three different time intervals post infection (group 1 was treated for 10 successive days starting after day 1 post-infection, group 2 was treated for 10 successive days starting after 21 days post-infection, and group 3 was treated for 10 successive days starting after 45 days post-infection). Results indicated highly significant reduction in worm burden in all groups treated with inhibitor as compared to infected control group (p<0.001). However the greatest reduction in the worm burden was observed in group treated with inhibitor started at 45 days post-infection, followed with those treated starting at 1 day post-infection (in five of the seven mice treated, eggs were eliminated entirely) (Table 1). Also, highly significant reduction (p <0.001) in the hepatic and intestinal tissue egg loads were shown in the group treated with inhibitor starting at 45 days post-infection compared to the infected control group (Table 1).Whereas no difference was observed in the oogram pattern of all the tested groups (Table 2). Results of ova hatchability revealed that, the collected ova from liver and intestine of mice groups 1 and 3 did not hatched, while ova of group 11 showed hatchability of 40% and the hatched miracidia were less infective to B. alexandrina snails ( the infection rate was 13% in treated ova and 58% in control with approximately the same cercarial incubation period). Histological assessments and measurement of liver showed significant reduction (p<0.01) in granuloma diameter in all groups relative to infected control. However, the greatest reduction in granuloma diameter was noticed in group I followed by group 2 then group 3 (Table 3). 

Results expressing the protease activity in serum, liver and intestine of normal, infected and treated mice groups revealed the following findings (Table 4,5): 
1.Proteases activity increases in liver and intestine while decreased in serum of infected control group in comparison to normal control group.

2.The levels of proteases in livers of  day1 and days45 groups are affected by cysteine protease inhibitor and are under the normal level, while those of  day21 retained approximately the same as the infected control group. 

3.The levels of proteases in intestine of day45 group attained approximately the same level as the  normal control group, while each of day1- and day21 attained levels as those observed in the infected control group.

4. The proteases activity in serum of day1 and day45 were the same as that of normal control and those of day21 group was the same as that of the infected control group. 

5- The proteases activity in treated S. mansoni worm and ova of day 1 and days 45 groups was significantly reduced under the effect of the given inhibitor, whereas the group of days 21 showed higher values than that observed in normal worms and ova.

Table (1): Effect of cysteine protease inhibitor on Worm burden and tissue egg load of Schistosoma mansoni in different studied groups.

	Mice groups

(times post infection)
	Mean No. of worms ( SE
	%

Reduction
	Mean no. of ova count ( SE



	
	
	
	Intestine
	% reduction
	Liver
	% reduction

	Infected Control
	29.1

(0.3
	-


	19900

(95.2
	-


	9100

(85.0
	-



	Group I

(Treatment at 1 day)
	7.16*

(1.18
	75%
	1800*

(50.5


	90.9%


	4050*

(70.0


	55.5%



	Group II

(Treatment at 21day)
	19.25*#

(2.11


	33.8%
	11200*

(40.5


	43.3%


	6200*
(50.0


	31.8%



	Group III

(Treatment at 45 day)
	3.33*#+

(0.71
	88.5%
	600.2*

(20.9
	96.9%


	2100*
(9.0
	76.9%




    * Significant difference from infected untreated control (P < 0.05)
Table (2): effect of the cysteine protease inhibitor phenyl vinyl sulfone on oogram pattern in different studied groups.

	Mice groups

(times post infection)
	Schistosoma mansoni eggs

	
	Immature
	mature
	Dead stage

	Infected Control
	46.1( 0.46


	42.1 (0.5


	11.8(0.80

	Group I

(Treatment at   1 day)
	45.6 (0.33


	43.6(0.33


	10.8(0.90



	Group II

(Treatment at 21day)
	41.0(0.44


	47.3(0.4


	11.7(0.90



	Group III

(Treatment at 45 day)
	46.0(0.20


	42.5( 0.3


	11.5(0.1


Table (3): Effect of cysteine  protease inhibitor phenyl vinyl sulfone on hepatic granuloma count and measurement in different mice groups under study.

	Animal groups
	No.of granulomas

(Mean+SE)
	Granuloma diameter

(Mean+SE)

	Infected Control

	13.2+0.3
	198.5+35

	Group I

(Treatment at 1 day)
	9.2+0.2
	170.6(3.4*

	Group II

(Treatment at 21day)
	12.0±0.3 
	180.55±2.3*

	Group III

(Treatment at 45 day)
	12.9(0.3
	189.55(2.0*


  *Significant difference from infected control group (p < 0.05)

Table (4): Proteases activity under the effect of cysteine protease inhibitor phenyl vinyl sulfone in different stage of S. mansoni :

	Different stage
	 Animals groups
	Proteases activity ug/ml
	% of change

	1- Ova
	Normal control
	8.132(0.4
	--

	
	Experiment(1) :1 day
	6.635(0.28*
	-15

	
	Experiment(2): 21 days
	9.733(0.41
	+20

	
	Experiment(3): 45 days
	3.353(0.29**
	-57

	2-Worm
	Normal control
	7.312(0.22
	--

	
	Experiment(1) :1 day
	6.236(0.21*
	-18

	
	Experiment(2): 21 days
	11.851(0.12**
	+38

	
	Experiment(3): 45 days
	3.142(0.31**
	-59


*Significant Difference from infected group

Table (5): Proteases activity in normal and infected mice as controls and three mice groups of infected treated with cysteine protease inhibitor phenyl vinyl sulfone at different times post infection.

	variants
	 Animals groups
	Proteases activity ug/ml
	% of change related to Normal
	% of change related to infected control

	 Liver
	Normal
	7.747(0.41
	--
	--

	
	 Infected control
	11.11(0.8*
	+44
	--

	
	1 day
	4.047(0.2**+++
	-48
	-64

	
	21 days
	11.458(0.17**
	+55
	8

	
	45 days
	5.473±0.29*+
	-29
	-47

	Intestine
	 Normal
	5.589(0.31
	--
	--

	
	 Infected control
	7.559(0.36*
	+35
	--

	
	1 day
	7.585(0.34*
	+36
	0.0

	
	21 days
	7.935(0.35*
	+42
	+5

	
	45 days
	5.355(0.36+
	-4
	-29

	Serum
	 Normal
	10.732(0.66
	--
	--

	
	 Infected control
	6.854(0.712*
	-36
	--

	
	1 day
	11.40(1.5+
	+6
	+66

	
	21 days
	7.5(1.32**
	-30
	+9

	
	45 days
	9.4(0.68+
	-12
	+37


*Significant difference from infected untreated control, 

+ Significant Difference from infected group

Discussion

Proteases (peptidases) occur naturally in all organisms. These enzymes are involved in a multitude of physiological reactions from simple digestion of food proteins to highly-regulated cascades. So, measurement of protease activity can reflect the extent physiological alterations in the organism under stress. Both parasite infection and chemical exposure seriously affect the physiological parameters of the exposed organism. Rapid multiplication of the parasite requires a physiologically suitable intra environment with certain biochemical characteristics (Nabih et al. 1988). Also, survival from chemical exposure requires many physiological alterations to take place and the degree of this alterations deduce the possibility of survival.  

The change in micro-environment in the host under the effect of protease inhibitors, to reach an unsuitable milieu for parasite multiplications was used in trials, in order to develop new drugs for many parasites (Engel et al. 1998, Trot at al. 1999, Caffrey et al 2000&2004, Sajid and McKerrow 2002 and Rosenthal 2004). The presence of serine proteases in S. mansoni different stages was proved by many studies. Cocude et al. (1999) characterized a Schistosoma mansoni serine protease designated SmSP1which may play a role in the evasion of the host immune response and the expression of this enzyme is differentially regulated throughout the parasite life-cycle. However, infected animals with S. mansoni did not produce specific antibodies to recombinant SmSP1. The lack of such response could be advantageous to the parasite by protecting itself from host effect or mechanisms. Also, Salter (2000) indicated that the aquatic larvae (cercariae) of the trematode parasite S. mansoni rapidly penetrate human skin by degrading dermal elastin under the effect of single serine proteases. Guerra (2005) declared for the first time biochemical evidence for the existence of a ubiquitin-proteasome proteolytic pathway and reported that finally, we present evidence that during experimental schistosomiasis, proteasome inhibitors were able to reduce the number of lung stage schistosomula, reduce the worm burden and consequently decrease the egg output in infected mice. Also Abdulla, et al. (2007) tested efficacy of vinyl sulfone cysteine protease inhibitor K11777 in the murine model of S. mansoni. Disease parameters measured were worm and egg burdens, and organ pathology including hepato- and splenomegaly, presence of parasite egg–induced granulomas in the liver, and levels of circulating alanine aminotransferase activity as a marker of hepatocellular function. The authors found significant reduction in parasite burden and pathology by this vinyl sulfone cysteine protease inhibitor validates schistosome cysteine proteases as drug targets and offers the potential of a new direction for chemotherapy of human schistosomiasis. The same results were observed in the present work, whereas the cysteine protease inhibitor phenyl vinyl sulfone exerts depression in worm numbers, egg production. The liver had little measurable damage in all treated mice groups, as significant reduction in granuoloma diameter has detected in all treated mice groups, the most effective was recorded in group 1, followed by group 11 then group 3.  Also the efficacy of same inhibitor was evaluated in vitro against Fasciola gigantica  by Helmy et al. (2008). The authors reported that 50 ppm cause worm death after 12 h while 300 ppm cause immediate death in vitro. Their histopathological study showed tegmental flattening, rupture of vesicles, spine loss and marked reduction in size and number of ova and sperms in the convoluted tubules of the reproductive organs of treated worms in comparison to untreated control group.  
The present results showed that the inhibitor directly affects the proteases in liver and intestine of treated mice in group 1 and 3 while their serum attained approximately normal values. Whereas the inhibitor affects serum proteases of treated mice in group 2 only to be decreased while their liver and intestine proteases increased and this increase may be due to the developing parasite. The surviving worms and the collected ova of groups 1&3 had much less activity of proteases than that observed in group 2 and normal ones suggesting that the cysteine protease inhibitor phenyl vinyl sulfone exerts its effects by targeting both worms and ova cysteine proteases. Comparison of proteases activity in infected and infected treated groups with normal group revealed that the % of change in relation to normal control was the least in group 3, followed by group 1. Also, comparison of proteases activity in treated groups with the infected one revealed that % of change in relation to infected control was the least at group 2 followed by group 3 then group 1. From these findings it was concluded that group 3 of treated mice had approximately proteases activity as that of normal mice. So, both the parasiltological and physiological studies gave rise to the same conclusion that treatment with  cysteine  protease inhibitor phenyl vinyl sulfone at 45 day post-infection could reduce the worm burden, egg tissue load, granuloma diameter,  ova hatchability, proteases activity in both worm and ova and help mice to attain approximately normal physiological state as expressed by their proteases' activity. 

In conclusion, the present evaluation (parasitological, histological and physiological) support the research direction to use proteases inhibitors as antischistosomal drugs and to be alternatives for PZQ which is still the only recommended drug for treatment of schistosomiasis . Though PZQ is cheap and effective, many organizations are worried about relying on a single drug to treat a serious disease which affects so many people worldwide. 
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