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Abstract-Several recent reports suggesting that the liver microsomal cytochrome P-450 system is 
impaired in Schistosoma ~~o~j infections in mice prompted a detailed investigation of the hepatic 
cyt~chrome P-450 system in murine schistos~m~as~s. Mice were prepared with three levels of ~ch~tv~~~~ 
RWZ.W~~ infection and studied 8, 12 and 14 weeks post-exposure. Histological sections of the liver 
confirmed prominent granuloma formation and portal fibrosis which was dose and time dependent. 
Cytochrome P-450 levels appeared reduced grossly in microsomes from homogenates of infected livers, 
but accurate quantitation was complicated by the presence of a prominent peak at 422 nm. Ethylmorphine 
N-demethylase activity also appeared to be reduced in all infected animals, reaching a maximum 
decrease at 14 weeks of 44% of control values in the most heavily infected mice. NADPH-cytochrome 
c reductase activity and cytochrome b5 levels were similarly reduced. UtiI~tion of techniques to 
separate hepatocytes from granu~omato~ material in infected livers eliminated the 422 nm peak and 
reversed severat of the f&dings made with whole-liver derived microsomes. Cytochrome P-450 tevets 
were reduced modestly (30%) at 8 weeks in the most heavily infected mice but returned to normaf 
values by 14 weeks. Specific ethy~mo~h~nc N-demethylase activity of isolated hepatocytes was increased 
at 8 weeks with a return to normal by 14 weeks. Isolated granulomata were incriminated as one possible 
source of the 422 nm pigment in whole-liver derived microsomes but appeared unlikely to account fully 
for this finding. Thus, this investigation concluded that the cytochrome P-450 system is altered by 
experimental murine hepatosplenic schistosomiasis, but such alterations are subtle in nature and unlikely 
to contribute in major fashion to the observed changes in drug disposition. 

Schistus~miasis is a parasitic disease, involving prin- 
cipally the gastrointestinal tract, the liver and the 
urinary bladder, which affects millions of people 
around the world. Schistosoma mansoni infection 
leads to egg deposition in the portal vein radicles in 
the liver, a ~anulomato~ reaction to these eggs, 
and marked fibrosis of the portal tracts and its 
a~rnpan~~g vessels [l-8]. The hepatic paren- 
chyma does not appear to be importantly involved 
in the primary disease process. 

Inevitably, therefore, traditional assessment of 
drug clearance in hepatic schistosomiasis placed 
great emphasis on altered portal hemodynamics as 
the major factor in reducing drug clearance by the 
liver [P-11]. More recently, however, the cyto- 
chrome P-450 system has been subjected to close 
examination, Cha and Edwards f12] and Ghazal and 
colleagues [13] reported that the cytochrome P-450 
content and the activities of several cytocbrome 
P-450-dependent microsomal enzymes were reduced 
dramaficaiiy in experimentaf models of schisto- 
somiasis. These findings were so unexpected and 
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inconsistent with most other evaluations of hepatic 
parenchymal function in this disorder [S, 6, @i--17] 
that we embarked on our own experimental study to 
investigate and extend these earlier findings. The 
experimental model of hepatosplenic ~histoso~asis 
utilized was the mouse model first described by Oli- 
vier and Stirewalt [18]. This animal can he readily 
infected with ~~~~t~~~~~ ~~~~~~~ cercariae, and it 
manifests many of the human features of the disease, 
including hepatomegafy, splenomegaly, and granu- 
lomatous infiltration of the portal tract with portal 
fibrosis 1193. 

METHODS 

Preparation of animals, and experimental design 

C57BL/6 female mice (Jackson Laboratories, Bar 
Harbor, ME) were exposed at 5 weeks of age to the 
Puerto Rican strain of ~c~~~o~#~u ~~o~~ cer- 
cariae using the tail immersion technique [18]. Cer- 
cariae were shed from infected Biomphylaria g&z- 
bratu snails following exposure of the snails to light. 
Mouse tails were immersed for 90 min into solutions 
containing lo,30 or 100 cercariae. Cercarial lability 
was judged by motility, and ~netration was judged 
by periodically counting residual head forms after 
exposure under the microscope. A group of mice 
unexposed to cercariae served as controls. Infected 
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and control mice were housed in separate cages 
permitted water and food ad lib. throughout the 
period of study. For Part I of the investigation, the 
mice were killed by cervical dislocation at 8, 12, and 
14 weeks after cercarial exposure. Following sacrifice 
the abdomen was incised, and a search for ascites 
was conducted. The spleen was removed and 
weighed. The liver was perfused in situ with ice-cold 
0.9% NaCl and then removed and weighed. Portions 
were set aside for histopa~ological examination, and 
the rest was used for preparation of microsomes. 

In the second part of the investigation (Part II), 
only two groups of mice were utilized: a group 
infected with 100 cercariae each and a control group. 
These mice were caged and fed in similar fashion to 
mice used in the first part of the study, and they were 
killed in batches at 8 and 14 weeks only. At the 
time of sacrifice, hepatocytes and granulomata were 
separated from the livers using the techniques of 
Klaunig and co-workers [20] and Pellegrino and 
Brener (211 respectively. 

Heputocyte ~olation 

Mice were anesthetized with pentobarbital sodium 
(IOQmg/kg), d an on opening the abdomen the liver 
was inspected for gross pathologic features of schisto- 
somal infection. The liver was then perfused retro- 
gradely in situ with calcium- and magnesium-free 
Hanks’ balanced salt solution (Flow Laboratories, 
McLean, VA) containing 0.05 M HEPES* (pH 7.3), 
0.5 mM EGTA, and 1 unit/ml heparin sulfate. Livers 
were perfused with this solution for 4 min to reduce 
cellular adhesions prior to infusing a solution con- 
taining Type I collagenase (Sigma Chemical Co., St. 
Louis, MO), 100 units/ml dissolved in Leibovitz 
modified L-15 medium (Flow Laboratories) for 
12min. Both solutions were perfused at a rate of 
10mlfmin and were kept at 37”. Intermittent 
occlusion of the portal vein accompanied by gentle 
massage of the liver improved the perfusion and 
digestion of the ground substance with collagenase 
especially in livers from infected animals. The liver 
was then transferred to a Petri dish containing the 
collagenase L-15 medium, disrupted by teasing and 
multiple pipetting, filtered sequentially through two 
nylon meshes having mesh sizes 253 and 64pm 
respectively. Following this, cells were sedimented 
by centrifugation at 5Og for 5 min at lo”. The pellet 
was washed once by resuspension in L-15 medium 
and centrifuged at 50g for a further 5 min to obtain 
a pellet composed of 95% pure hepatocytes. Viability 
of the isolated hepatocytes was checked by trypan 
blue exclusion stain (0.4% trypan blue in isotonic 
saline). More than 90% of the isolated hepatocytes 
excluded the trypan blue stain. Cell yield was deter- 
mined by counting viable cells, using a cytometer 
counting slide. The yield of hepatocytes averaged 
2.5 x 10’ cells per animal. (Care was taken to obtain 
viable cells to avoid possible transformation of cyto- 
chrome P-450 to other forms such as P-420 [22,23].) 

* Abbreviations: HEPES, 4-(2-hydroxyethyl)-l-pipera- 
zinc-ethanesulfonic acid; and EGTA, ethylene~ycoibis 
(amino-ethylether)tetra-acetate. 

Isolation of granulomata 

Mice were killed by cervical dislocation, and the 
liver was excised and immersed in ice phosphate- 
buffered saline (pH 7.4). The liver was then blended 
for 1 min at 4“ in a Waring blender at maximum 
speed. A nylon mesh (110 pm) was used to isolate 
the gran~omata which were then washed twice by 
repeated sedimentation. Mi~oscopic examination of 
the isolated granulomata showed absence of liver 
cells. The isolated granulomata were then used to 
prepare a microsomal suspension. 

Preparation of microsomal suspensions 

Microsomes were prepared from whole livers as 
well as from each of the isolated components-hepa- 
tocytes and granulomata. Homogenates (5%, w/v) 
were prepared in iced 50mM Tris-HCl buffer 
(pH 7.5) using a polytron homogenizer (Brinkmann 
Instruments). These were then centrifuged twice suc- 
cessively at 10,000 rpm for 10 min at 4” to pellet the 
nuclei, mitochon~a and cell debris. ~nt~~gation 
of the su~rnatant fraction at l~,~g for 1 hr at 4” 
provided the desired microsomal pellet. 

Enzyme assays 

Protein concentration of the microsomal pre- 
parations was determined by the method of Lowry 
et al. [24] as modified by Oyama and Eagle [25] using 
bovine serum albumin as a standard. Cytochromes 
P-450 and bS were measured by the Estabrook modi- 
fication [26] of the method of Omura and Sato [27] 
using a Johnson Foundation split-beam spectro- 
photometer. Extinction coefficients for the dif- 
ferences between 409 and 426 nm, and between 450 
and 490 nm of 185 mM_’ cm-l and 91 mM_’ cm-l, 
respectively, were used to calculate cytochrome b5 
and cytochrome P-450 concentrations [27]. N- 
Demethylation of ethylmorphine was determined as 
described by Cochin and Axeh-od [28]. The for- 
maldehyde evolved from demethylation of ethyl- 
morphine was measured by the calorimetric tech- 
nique of Nash [29] using a Zeiss spectrophotometer 
at 412 nm. NADPH-cytochrome c reductase activity 
was determined in the whole liver microsomal pre- 
parations using the method described by Phillips and 
Langdon [30] and Masters et al. [31]. 

Liver samples used for ~stolo~ were tied in 
10% buffered formalin. Sections were stained with 
hematoxylin and eosin, and by the Masson trichrome 
technique [32]. 

RESULTS 

Part I: Observations using microsomes prepared from 
whole liver homogenates 

General observations and liver histopathology. 
Infected mice in each of the experimental groups 
grew normally, and no differences in body weight 
were observed for any of the time periods employed. 
Livers became enlarged, and liver wei~t/body 
weight ratios were significantly greater in 30 and 100 
cercaria-infected mice at each of the time periods. 
Spleen weights were greater in the more heavily 
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Fig. 1. Hepatic microsomal ethylmorphine N-demethylase 
activity in Schisrosomiasis mansoni. Microsomes were pre- 
pared from mice exposed to 10, 30 or 100 cercariae at 8, 
12, and 14 weeks post-exposure. The activity shown on the 
y-axis (mean f SEM) is expressed as percent of control 
values. (Mean control activities were 8.075,6.660 and 7.048 
nmol HCHO mg microsomal protein-‘. min’ at 8, 12 and 
14 weeks respectively.) The infectivity period is presented 

on the x-axis. 

infected mice, but ascites was never observed. Both 
the liver and spleen manifested obvious superficial 
granulomata in several of the heavily infected mice. 

Liver histopathology demonstrated extensive 
granuloma formation in portal areas, and eggs were 
clearly recognizable at the centers of many of the 
granulomata. The extent of the granulomatous 
change was both dose and time dependent. Masson 
trichrome stains confirmed the presence of sub- 
stantial collagen deposition in the areas of the gran- 
ulomata. Also, evident in the portal/periportal 
regions was a dark brown pigment derived from the 
adult worms (which produced an obvious dis- 
coloration of the microsomal suspension in heavily 
infected mice). 

Assays of ethylmorphine N-demethylase activity, 
cytochromes P-450 and bs, and NADPH-cytochrome 
c reductase activity. Measurement of microsomal 
ethylmorphine N-demethylase activity revealed a 
significant reduction in the 30 and 100 cercaria- 
infected mice, particularly at 12 and 14 weeks (Fig. 
1). In the latter group, a mean value of 44% of 
control was noted at 14 weeks. Cytochrome bs levels 
and NADPH-cytochrome c reductase activity were 
comparably reduced. 

Attempts to measure cytochrome P-450 levels in 
microsomal preparations from the more heavily 
infected mice were frustrated by an unexpected spec- 
troscopic phenomenon, as shown in Figs. 2 and 3. 
Addition of NADH and carbon monoxide to the 
sample cuvette produced a difference spectrum 
dominated by a peak at 420-424 nm. This peak was 
distinct from cytochrome bs since it was unaffected 
by addition of NADH to the reference cuvette. In 
the most heavily infected mice preparations, this 
peak dwarfed the 450 nm peak, commonly obscuring 
entirely that peak. For this reason, calculation of 
cytochrome P-450 levels in such preparations was 
impossible. Although the cytochrome appeared sub- 
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Fig. 2. Spectral properties of microsomes prepared from 
whole liver homogenates. (A) Difference spectra for micro- 
somes from control mouse liver. Microsomes (3 mg protein) 
were diluted to a final volume of 6 ml with 108 mM sodium 
phosphate buffer (pH 7.4). The suspension was divided 
equally between reference and sample cuvettes, and the 
baseline was recorded (tracing # 1). Twenty microliters of 
NADH solution (10 mg/ml) was added to the samnle 1 
cuvette (tracing #2). B&b&g carbon monoxide into the 
sample and reference cuvettes resulted in tracings #3 and 
#4 respectively. A trace amount of sodium dithionite was 
added to the sample cuvette (tracing #5) and 20~1 of 
NADH solution to the reference cuvette (tracing #6). 
(B) Difference spectra for microsomes from 100 cercaria- 

infected mouse liver at 14 weeks. 

stantially reduced in the more heavily infected livers, 
no final conclusions regarding this were reached dur- 
ing this phase of the study. 

Part II: Observations using microsomes prepared 
from isolated hepatocytes or granulomata 

Spectroscopic properties of microsomes. Analysis 
by dual beam spectroscopy of hepatocyte micro- 
somes from 100 cercaria-infected mice at 8 and 14 
weeks showed a well defined cytochrome P-450 peak 
and little or no evidence of the distorting peak at 
420-424 nm (Fig. 4). Microsomes prepared from the 
granulomata showed no cytochrome P-450 peak but 
did reveal a moderate sized peak at 420-424 nm. 

Cytochrome b, and P-450 levels and ethylmorphine 
N-demethylase activity in hepatocyte microsomes. 
Calculation of cytochrome bs levels in hepatocyte 
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Fig. 3. Difference spectra for liver microsomes from mice 
infected with different doses of Schistosoma mansoni cer- 
cariae (0, lo,30 or 100 Cerc) at 8 week post-exposure. The 
computer-derived corrected tracing (6 minus 1) for each 
dose shows a peak around 422 nm in addition to the cyto- 
chrome P-450 peak. Methods and tracings # 1 and #6 were 

as described for Fig. 2. 

microsomes revealed no differences between control 
and infected preparations at either 8 or 14 weeks 
(Fig. 5). Cytochrome P-450 levels were reduced mod- 
estly (30%) in infected mice at 8 weeks but had 
returned to normal by 14 weeks (Fig. 5). 

t 

Control 

100 cert. infected 

at 14 wks 

mouse 

mouse 

Fig. 4. Computer-derived spectra for microsomes from 
isolated hepatocytes (tracing #6 minus tracing # 1). Con- 
trol mice and mice infected with 100 Schistosoma martsoni 
cercariae were used at 8 and 14 weeks post-exposure. 
Methods and tracings #l and #6 were as described for 

Fig. 2. 
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Fig. 5. Effect of Schbtosoma mansoni infection on micro- 
somal cytochromes in isolated hepatocytes. Cytochrome 
b5 (left panel) and cytochrome P-450 (right panel) were 
determined at 8 and 14 weeks post 100 cercaria exposure 
(hatched columns) and in controls (open columns) and 
were expressed 2s mean -+ SEM. The number of samples 
for each group is shown in parentheses. An asterisk (*) 
indicates a significant difference (P < 0.05) between 

infected and control preparations. 

Ethylmorphine N-demethylase activity of hepa- 
tocyte microsomal preparations was expressed both 
in terms of protein content (nmol/mg rotein/min) 
and cytochrome P-450 amount (nmol nmol P-450/ P 
min) (Fig. 6). When calculated in the former fashion, 
ethylmorphine N-demethylase activity was normal 
at 8 weeks and moderately increased (45%) at 14 
weeks. When calculated in terms of the cytochrome 
P-450 content (specific ethylmorphine N-demethyl- 
ase activity), it was increased significantly at 8 weeks 
(155% of control values) but not significantly dif- 
ferent from normal at 14 weeks. 

Microsomes from granulomata had small amounts 
of cytochrome b5 present (0.54 2 0.005 nmol/mg 
protein), but no cytochrome P-450 or ethylmorphine 
N-demethylase activity was detected. 
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Fig. 6. Microsomal ethylmorphine N-demethylase activity 
in isolated hepatocytes. Microsomes of hepatocytes isolated 
from control and infected mice (100 cert.) were prepared 
at 8 and 14 weeks following exposure. The activity was 
calculated as mean f SEM and expressed as nmol for- 
maldehyde formed per min either per mg microsomal pro- 
tein or per cytochrome P-450 content. An asterisk (*) 
indicates a significant difference (P < 0.05) between 

infected and control preparations. 
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Mixing experiments with microsomes from hepa- 
tocytes and granulomata. Simple addition of micro- 
somes from hepatocytes and granulomata in a ratio 
of 1: 1 (v : v) yielded a spectroscopic tracing in which 
both peaks (at 450 nm and 422 nm) were visible in 
expected proportions. The tracing did not resemble 
that obtained with microsomes prepared from homo- 
genates of infected livers (e.g. Fig. 2). However, in 
a preliminary experiment in which the mixture of 
microsomes was incubated at 37” for 1 hr, such a 
tracing was obtained. This observation, which is 
being investigated further in our laboratory, 
strengthens the possibility that the 420-424 nm peak 
seen in microsomes prepared from homogenates of 
infected liver actually results from degradation of 
cytochrome P-450 during microsome preparation. 

DISCUSSION 

The suggestion that the hepatic mixed-function 
oxidase system might be impaired in the course of 
hepatosplenic schistosomiasis was first made by 
Ghazal and co-workers [13], and later supported by 
Cha and Edwards [ 121. Both groups reported studies 
in the same experimental model as the one used in 
our own investigation. Ghazal et al. [13] measured 
aminopyrine N-demethylase, hexobarbital oxidase, 
aniline hydroxylase and paraoxon hydrolase activi- 
ties in mice 7 weeks after induction of schistosomal 
infection with unspecified numbers of cercariae. 
Enzyme activities were reduced to 35-80% of control 
values. Cha and co-workers [12,33,34] studied mice 
exposed to 80-100 Schistosoma mansoni cercariae 
and conducted studies at intervals beginning 5 weeks 
after infection. They reported a progressive 
reduction in NADPH+ytochrome c reductase 
activity and cytochrome P-450 content over the 
course of the infection, reaching a nadir of 60% 
of control values 8 weeks post-infection. Aminopy- 
rine demethylase, aniline hydroxylase and 
benzo[a]pyrene hydroxylase activities were depres- 
sed even more markedly, being only 25% of control 
values at 8 weeks. 

Cha and Bueding [33] further showed that sch- 
istosomicidal therapy leads to apparent recovery of 
the microsomal mixed-function oxidase system in 
treated mice (as had Ghazal et al. [13] before them), 
and also that the infection in athymic nude mice 
(which do not develop a granulomatous reaction 
around deposited eggs in the portal tracts) leads to 
a significantly smaller reduction in cytochrome P-450 
content and aminopyrine demethylase and aniline 
hydroxylase activities [351. Benzo[a]pyrene 
hydroxylase activity, NADPH-cytochrome c 
reductase activity, and cytochrome b5 were not sig- 
nificantly different from control values. Thus, these 
studies demonstrated that active granuloma for- 
mation was critical for the (apparent) reduction in 
activity of components of the microsomal mixed- 
function oxidase system. 

The results of the first phase of our investigation 
appeared to confirm these earlier studies. We con- 
sidered the possibility that dilution of parenchymal 
tissue by the granulomatous and connective tissues 
present in infected livers might have contributed to 

the observed reductions in enzyme activities. Plan- 
imetry of stained sections from representative livers 
(unpublished observations) demonstrated that some 
of the reductions were indeed spurious and secon- 
dary to a dilution phenomenon. However, it failed 
to fully account for the reductions seen. 

It was only during the second phase of the inves- 
tigation that an explanation for the apparent enzyme 
reductions was established. Separation of hepa- 
tocytes from granulomatous and connective tissue 
using in situ retrograde perfusion with a collagenase- 
containing solution facilitated preparation of pure 
hepatocyte microsomes. Analysis of these micro- 
somes for components of the mixed-function oxidase 
system identified far more subtle changes. Ethyl- 
morphine iV-demethylase activity, expressed per mg 
microsomal protein, was normal at 8 weeks and 
modestly increased at 14 weeks. When expressed 
in relation to cytochrome P-450 content (a more 
physiological calculation), ethylmorphine N- 
demethylase activity showed a significant increase 
(+55%) at 8 weeks with a return to normal values 
at 14 weeks. Total cytochrome P-450 content was 
reduced 30% at 8 weeks but had also returned to 
normal by 14 weeks. Thus, in the final analysis, this 
investigation led to the conclusion that induction of 
experimental schistosomal infection in mice leads to 
a perturbation of the microsomal mixed-function 
oxidase system early on in the course of infection 
(i.e. at 8 weeks) but that a return to normal takes 
place by week 14. 

It should be recognized that the decision to pro- 
ceed to phase two of the investigation in which the 
hepatocytes were analyzed free of granulomatous 
tissue was made because of the “interference” in 
measurement of cytochrome P-450 caused by the 
prominent 422nm peak. This large peak had not 
been reported previously in the earlier studies by 
Ghazal and Cha and their co-workers [12,13,33-351, 
and we were puzzled as to its basis. Assay of micro- 
somes from separated hepatocytes demonstrated the 
presence of relatively normal amounts of cytochrome 
P-450 free of the interfering 422 nm peak. Although 
analysis of microsomes from granulomatous material 
demonstrated a small 422nm peak during spectral 
measurements, it appeared to be an unlikely source 
for the peak observed during quantitation of whole 
liver microsomes. Not only did the proportion of 
granulomatous tissue in whole liver microsomes 
appear inadequate for the large 422 nm peak 
observed when such microsomes were assayed, but 
mixing experiments involving addition of granu- 
lomatous tissue microsomes to hepatocyte micro- 
somes in equal proportions (exceeding their true 
contributions to whole liver microsomes) failed to 
duplicate the spectral features of microsomes pre- 
pared from whole liver homogenates. 

The possibility that the 422 nm peak resulted from 
inclusion of schistosomal pigment in the microsomes 
of whole liver homogenates was considered, but 
studies on the spectral properties of this pigment had 
earlier shown that it has an absorption maximum 
at 400nm rather than 422nm [36]. Furthermore, 
although the bulk of this pigment sedimented with 
the granulomatous tissue in phase 2 of the inves- 
tigation, this fraction did not appear to contain suf- 
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hcient spectrally active material to account for the 
observations noted with whole liver microsomes. 

Thus, it was concluded that the 422 nm peak was 
actually generated during preparation of the micro- 
somes from whole liver homogenates. It also 
appeared likely that a relationship existed between 
appearance of the 422 nm peak and the decrease in 
cytochrome P-450 observed in preparations with a 
prominent 422nm peak. In an effort to determine 
the feasibility of cytochrome P-450 contributing to 
the 422 nm peak, some preliminary studies were 
conducted in which hepatocyte microsomes were 
mixed with microsomes from granulomatous tissue 
and incubated at 37” for 60 min. This experiment 
succeeded in reproducing a spectral tracing com- 
parable to those seen with whole liver microsomes 
from heavily infected livers. It appeared likely, there- 
fore, that some component present in the granu- 
lomatous tissue caused conversion of a portion of 
cytochrome P-450 during microsome preparation to 
a species with an absorption maximum at 422nm. 
Further studies are being undertaken in our labora- 
tory to further characterize this phenomenon. 

REFERENCES 

1. P. Han&on, H. Hut&son, P. Jamison and H. Jones, 
Am. f. c&n. Path. 32, 18 (1959). 

2. M. Hashem. J. Eewt. med. Ass. 30. 48 119473. 
3. F. von Lj~h~nber~~nd E. Sadun, E& P&sit:22,264 

(1968). 
4. H. Meleny, D. Moore, H. Most and B. Carney, Am. 

J. trop. Med. Hyg. 1, 263 (1952). 
5. M. Ragheb, Gastroenterology 30, 631 (1956). 
6. 0. Ramos, F. Saad and W. Leser, Gastroenterology 

47, 241 (1964). 

9. A. Coutinho and F. Barre&, Ann. N./Y. Acad. Sci. 

7. W. 

160, 612 (1969). 

Symmers,‘J. Path. Bact. 9, 237 (1904). 
8. K. Warren. Am. J. Path. 49. 477 (1966). 

10. J. Faigle, Acta pharmac. tox. 29, 233 (1971). 
11. J. Faigle and J. Keberie, Ann. N.Y. Acad. Sci. 160, 

544 (1969). 
12. Y. Cha and R. Edwards, J. Pharmac. exp. Ther. 199, 

432 (1976). 

13. A. Ghazal, M. Mahfouz, A. Makar and M. Ghoneim, 
Naunyn-Schmiedeberg’s Archs Phurmac. 228, 181 
(1974). 

14. A. El Mofty, in Ciba Foundation Symposium: Bii- 
harziasis (Eds. G. Wolstenholme and-M: O’Connor), 
DO. 174-97. Little. Brown & Co.. Boston (1962). 

15. 3. Erfan, M. Hashem and A. EJ Mofty, Gaz.‘Kasr. 
El-Aini. Fat. Med. 23, 1 (1957). 

16. Z. Nooman, M. Nafeh, H. El Kateb, S. Atta and E. 
Ezzat, J. crop. Med. Hyg. 77, 42 (1974). 

17. K. Warren, G. Reboucas and A. Baptista, Ann. intern. 
Med. 62, 1113 (1965). 

18. L. Olivier and M. Stirewalt, J. Parasit. 38, 19 (1952). 
19. H. Meleney, D. Moore, H. Most, B. Carney and J. 

Sandground, Am. J. Trap. med. Hyg. 2, 883 (1953). 
20. J. Klaunig, P. Go~dbiatt. D, Hinton, M. Lipsky, J. 

Chacko and B. Trump, In Vitro 17, 913 (1981). 
21. J. Pellegrino and Z. Brener, J. Parasit. 42,564 f1956). 
22. C. Yu and I. Gunsalus, J. biot. Chem. 249, 102 (1974). 
23. Y. Ichikawa and T. Yamano, Biochim. biophys. Acta 

131, 490 (1967). 
24. 0. H. Lowry, N. J. Rosebrough, A. L. Farr, R. J. 

Randall, J. biol. Chem. 193, 265 (1951). 
25. V. Oyama and J. Eagle, Proc. Sot. exp. Biol. Med. 91, 

305 (1956). 
26. R. Estabrook, J. Peterson, J. Baron and A. Hilder- 

brandt, in Methods of Pharmacology (Ed. C. F. Chig 
nell). Vol. 7, pp. 303-50. Appleton-Century-Crofts, 
Educational Division, Meridity Corp., New York 
(1972). 

27. T. Omura and R. Sato, J. biol. Chem. 230.2370 (1964). 
28. J. Cochin and J. Axelrod, J. P~rmac. exp. Ther. 125. 

105 (1959). 
29. T. Nash, Biochem. J. 55,416 (1953). 
30. A. Phillios and R. Lanedon. J. biol. Chem. 237.2652 

(1962). ’ 
31. B. Masters, C. Williams, Jr. and H. Kamin, Meth. 

Enzym. 10, 565 (1967). 
32. P. J. Scheuer, Liver Biopsy Interpretation (Ed. P. J. 

Scheuer), 3rdEdn., pp. 8-14. Bailliere Tindall, London 
(1980). 

33. Y. Cha and E. Bueding, Am. .I. trop. Med. Hyg. 27, 
1188 (1978). 

34. Y. Cha, Am. 1. trop. Med. Hyg. 26, 1181 (1978). 
35. Y. Cha, J. Byram, H. Heine and E. Bueding, Am. J. 

trop. Med, Hyg. 29, 234 (1980). 
36. K. Kloetzel and R. Lewert, Am. J. crop. Med. Hyg. 

X5,28 (1966). 


