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SUMMARY

The aim of this study is to investigate the effect of natural and
experimental fasciclosis in sheep on some blood parameters including
oxidative stress as thiobarbituric-acid reactive substances (TBARs) and
some liver function tests as alanine amino transferase {ALT), aspartate
amino transferase (AST), gamma glutamy! transferase (yGT), lactate
dehydrogenase (LDH) and blood bilirubin, as well as non-enzymatic
antioxidants vitamin C. For this purpose, fifty sheep were divided into
three groups , the 1% group (20 sheep) includes naturally infected sheep,
the 2™ group (10 sheep) includes experimentally infected sheep and the
3rd group (20 sheep) includes the control non-infected ones. Serum liver
function tests (S-ALT, S-AST, S-yGT, S-LDH and bilirubin as well as
oxidative stress indicators TBARs and vitamin C) were analyzed. The
results revealed that both naturally and experimentally infected sheep
showed highly significantly (p<0.01) increased ALT, AST, vGT and
LDH enzyme activities in serurn. Moreover, serum bilirnbin level was
elevated in comparison with control group. Data indicated that TBARS
level was significantly higher (p<0.05) in naturally and experimentaily
infected than control sheep, while serum vitamin C level was
significantly (p<0.05) lower in both naturally and experimentally
infected sheep than control ones. It could be concluded that changes in
the oxidative stress of infected sheep were accompanied with rising
activities of S-ALT, S-AST, S«yGT and S-LDH as markers of liver and
gall bladder damage.
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INTRODUCTION

Fasciolosis is a disease of grass-grazing animals and occasionally
humans caused by the trematode flukes, Fasciola species which is one of
the major liver parasitic infections in domestic animals and human
beings. The worm lives in the bile ducts and cause liver cirrhosis
(Schmidt and Roberts, 1985). Fasciolosis has an important impact on
general health, weight gain and on the reproduction (Chick ez al., 1980).
In animals, the adverse effect of fasciolosis includes decreased both meat
and milk production, decreased fertility and increased veterinary
expanses (Torgerson and Claxton, 1999). Also, Kithuka ef g/, (2002)
recorded that the fotal economic losses incurred by Kenya during the last
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10 years of the 20" century as a result of condemnation of Fasciola-
infected livers was approximately USS 2.6 million.

Fasciola gigantica infection in sheep produced liver lesions
characterized by damage to blood vessels and parenchymal necrosis. The
damage to the liver tissues was accompanied by increased activity in
serum of AST after 2 weeks, and yGT from 8 weeks. Bilirubin
concentration was not affected (El-Samani et af,, 1985 and Yang et al.,
1998).

The routine parasitological examination of amimals against
fasciolosis alone is usually inadequate due to the late appearance of eggs
in feces (Chen and Mott, 1990), so, they failed to detect the early
infections. Therefore, the use of more advanced techniques such as
detection of fluke-specific antibodies and the determination of liver
function tests as well as other blood parameters will be much useful in
this criterion.

Serum concentrations of the enzymes glutamate dehydrogenase,
sorbitol dehydrogenase and aspartate amino transferase were elevated in
the naturally infected sheep, indicating hepatic damage. A slight rise in
the level of serum bilirubin was also observed (Haroun et al, 1986).
Serum activities of yGT and glutamate dehydrogenase were used as
markers of the different fluke stages during infection and associated liver
damage in infection induced experimentally in sheep (Ferre ef al, 1997).
They reported that yGT is sensitive indicator of liver cell damage in
chronic fasciolosis (Sykes et al., 1980). Moreover, Fasciola infection of
lambs increased the serum yGT activity and the total serum bilirubin
concentration (Prache and Galtier, 1990).

Increased AST activity reflected parenchymal liver damage,
whereas increased yGT as well as LDH reflected biliary damage as a
result of enlargement and hyperplasia of the bile duct wall (Sandeman
and Howell 1681).

Sheep serum ascorbic acid decreased after Fasciola infection due
to its being act as non-enzymatic antioxidant (e.g. vitamins C, E and A)
which were reduced simultaneously with enhancement of lipid
peroxidation processes as evidenced by increased levels of TBARs.
Changes in the antioxidant abilities of the liver and in the phospholipid
structure of the cell membrane were accompanied by rising activities of
ALT and AST (Kolodziejczyk et al, 2005 and Gameel, 1982).
Concentration of thiobarbituric acid-reactive substances (TBARS) is
measured as markers of oxidative stress. In experimental infections,
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inefficient elimination of reactive oxygen radicals takes place, resulting
in oxidative liver damage (Sanchez er al., 1999).

The aim of this paper is to assess the levels of vitamin C as an
antioxidant and TBARs relaesed from Fasciola-infected sheep, in
addition to some liver function tests during the course of natural and
experimenta} fasciolosis. :

MATERIALS and METHODS

I. Parasitological investigations:

A number of 50 sheep under this investigation was divided into 3
groups as following:

1) Naturally infected group:

This group includes a number of 20 sheep showing distinct
clinical signs of fasciolosis (such as icteric mucous membranes, greenish
diarthea, easily detached wool and emaciation); each was
parasitologically positive for fasciolosis (indicated by the presence of
Fasciola sp. eggs in feces) by using fluke finder technique {Welch ef al.,
1987). Confirmly, serological techniques (ELISA) revealed presence of
elevated levels of antibodies against Fasciola sp. indicating the presence
of immunoglobulines against the fluke.

2) Experimentally infected group:
2.1. Preparation of animals:

This group included a number of 10 sheep, each of 5 — 6 months
old, 30 ~ 35 kg. B. W. not exposed to a previous history of fasciolosis.
This is achieved by a daily fecal examination for 3 weeks before
experimentation and confirmed by the serological techniques. All these
animals were kept indoors with concrete floors, under proper hygienic
conditions, feeding on barely, tibn and hay and drinking on fresh water.
2.2. Collection of encysted metacercariae:

Eggs were collected from gall bladders of naturally infected
cattle in abattoirs, thoroughly washed and incubated at 27-29°C for 13
days for embryonation (Boray, 1966) and examined daily till hatching
and liberation of viable miracidia as indicated by continuous jerky
movement. Then, Lymnaea snails are exposed to be infected with these
viable miracidia at a dose of 3 — 5 miracidia/snail, in plastic plates, and
then kept for 6 hours till complete penetration of snail tissues.
Furthermore, the infected snails were transferred into plastic aquaria
containing dechlorinated water at room temperature away from the direct
sunlight. Daily examination of the snails was done to detect the presence
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of cercariae or even rediae. Then, cellophane sheets were put in the
aquaria for collection of the encysted metacercariae produced, which
appeared as whitish pin-point spots. Finally, these sheets were contained
in saline and kept in refrigerator til! the time of infection (¥i-Bahy,
1984).

2.3. Challenge of infection:

Each animal was administered orally with about 125 encysted
metacecariae, given mixed with the green fodder (Bautista-Garfias et al,
1989; Mousa, 1994 and Dumenigo ef al., 2000).

3} Control group:

This groups includes a number of 20 sheep of the same
conditions. They were parasitologically negative for fasciolosis by using
the fluke finder technique. Serological assays also confirmed this
finding.

1I. Biochemical investigations:
* Blood sampling and Biochemical analysis:

Blood samples from groups were collected at morning by jugular
vein puncture from overnight fasted animals. Samples were collected in
plain tubes for serum preparation. Serum samples were aliquated and
stored at -20 C° until analysis. Serum used for determination of TBARs
(Satoh, 1978), vitamin C (Jagota and Dani, 1982) by using
spectrophotometer (Hitachi 2000). Biochemical tests were applied for
evaluation of ALT and AST (Reitman and Frankel, 1975), yGT
according to (Tietz, 1994), LDH according to (Kachmar and Moss,
1976) and bilirubin (Sherlock, 1951) by using spectrophotometer
(Hitachi 2000).

- I11. Statistical analysis:

The obtained data were statistically analyzed by t-test using
Graphpad Primstate Analysis of Sofiwere Computer Program. IOWA,
state USA, 2002 (Snedecor and Cochran, 1967).
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RESULTS

Table 1: Mean levels of serum ALT, AST, yGT, LDH enzymes
activities as well as direct bilirubin (mg/dl) in control,
naturally and experimentally infected sheep.

[ nd
Groups v ou (Exf)erit::ally ¥ group

Parameters (Naturally infected) infected) (Control)

ALT (U/L) 125,75+ 8,374+ 78.04 + 5.08%* 5350+ 2.73

AST (U/L) 11633+ 10,57 ** 141.78 £9.4]%* 62.20 £ 4.90

¥GT (U/L) 3034 £ 1 843+ 2422 % 1.52%+ 10.15+£0.53
| LDH (U/L) 227.04 + 1734%* 262.71 = 10.74%* 100.74 + 6.36
{_Direct bitirubin (mg/dl) 153+ 027%+ 1.68 £ 0,26%* 0.52£0.04

* Significent at P < 0.05 ** Highly significant at P < 0,01

Table 2: Mean levels of serum TBARs (nmol/m!} and vitamin C (mg/dl)
in control, naturally and experimentally infected sheep.

H T
|

: ]
s ! nd
Growps | 1gow | 2 gow 3 growp ‘
' {(Naturally | (Experimentally

Parameters | infected) | infected) } (Control)
i . )
TBARs (nmol/mi) | 1039+056* | 139=098% | 874:053 |
Vitamin C (mg/dl) | 0.69+0061* | 0.79+ 003 L15+0.06 |

* Significant at P < 0.05 ** Highly significant at P < 0.01
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Fig. 1: Concentrations of ALLT, AST and yGT in the 3 groups of sheep.

195



Assiut Vet. Med. J. Vol. 52 No. 110 July 2006

TBARS

I Control TINatural. Infection B Exp. Infec.

Fig. 2: Concentrations of TBARs in the 3 groups of sheep

Vitamin C

B Controf CINatural, Infection BAExp, Infec.

Fig. 3: Concentrations of vitamin C in the 3 groups of sheep

The data were analyzed and demonstrated in Tables (1 & 2) and

Figs. (1.2 &3) as follow:

Table (1) Shows that mean levels of serum ALT, AST, vGT, LDH
enzymes activities increased significantly (P<0.01) in naturally and
experimentally infected sheep in comparison with control one

respectively.

Table (2) Displays that naturally and experimentally infected sheep had
significantly higher (P<0.05)TBARs in serum, while mean serum
vitamin C levels were significantly lower in the naturally and

experimentally infected sheep compared to control.
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DISCUSSION

The current data showed a high significant increasing (P<0.01) in
serum ALT and AST activities (as shown in Table 1) in both naturally
and expermintally infected sheep compared to control group. These
findings were in accordance with those obtained by Yang et al., (1998)
and Mbuh and Mbwaye (2005). In addition Wyckoff and Bradiey,
(1985) found that there was a significant increasing in AST and vGT
activities occurred as early as post-infection as compared with those in
control non-infected animals. Increasing in AST activity reflected
parenchymal liver damage which occurred due to continuous migration
of the flukes. Rising activities of ALT and AST, as markers of liver
damage in experimental infection with Fasciola, was also reported by
Kolodziejezyk ef al., {2005). Moreover, it is an important criterion in
studying fluke-induced liver damage.

The present study indicated significant increase in yGT in
naturally and expermintally infected sheep compared to normal control
group. This elevated level of the enzyme reflected biliary damage which
occurred due to enlargement and hyperplasia of bile duct wall as a result
of secretion of large quantities of amino acid proline from the liver
flukes. The later is responsible for collagen synthesis by epithelial and
subepithelial cells (Modavi and Isseroff, 1984). These findings were
matched with those obtained by Sykes ef al, (1980) and Ferre et al,
(1997) who reported that liver damage could be detected in sheep post
infection with liver flukes. The authors added that, yGT activity was
more sensitive indicator of liver cell damage in chronic subclinical
fascioliasis than AST activity, and thus it might be act more suitable as a
useful diagnostic aid on account of its greater stability.

The present data showed a significant increase (P < 0.01) in
serum LDH in both natural and experimental infected sheep. It is
suggested that the presence of adult flukes in the bile ducts causes tissue
damage, which is shown by fluctuations in LDH and yGT levels after
adult flukes have become established in the bile ducts. It is considered to
be due to the feeding activity of adult flukes and the deposition of
immune complexes in the liver parenchyma to challenge infection. This
coincided with those obtained by Sandeman and Howell, (1981) who
found that sheep infected with Fasciole sp. showed increased LDH
level. The authors added that after the challenge infection, levels of both
LDH and yGT rose substantially. In addition, Ali e a/., (1999) recorded
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elevated liver ALT and yGT enzyme activities in sheep infected with
Fasciola sp. associated with clear anemia and fever.

The present results illustrate a significant increasing in the serum
bilirubin concentration in both natural and experimental infection with
Fasciola sp. It is suggested that increased concentration of direct
bilirubin might be occurred in both parenchymal and biliary stages of
fasciolosis where the flukes began to enter the bile duct and commence
blood feeding. Thus, a combination of bile duct hyperplasia and an
effective contribution of blood fo the bile could be the sharing factors of
increased bilirubin concentrations. Conesquently, a risk of induced
yellow fat might be increased (Prache and Galtier, 1990).

All these findings indicated that, abnormal results of liver
function tests were common in sheep with fasciolosis and changes of
serum yGT activity go parallel with those of ALT and AST activities.

The level of lipid peroxidation, which expressed as thiobarbituric
acid reactive substances (TBARs) was significantly eleveated (p<0.05)
in both naturally and expermintally infected sheep compared to control
ones (Table 2). This occurred as Fasciola sp. invasion, migration and
growth resulted in intensive destruction of phagocytic cells (Kupffer
cells) and libration of Hy0,, OH radicals and other free radicals as a
consequence to peroxidative destruction of the cell membrane lipids
leading to oxidative stress. These results are in agreement with those
stated by Kolodzigjezyk et al, (2005) who observed an increasing in
TBARSs level in the course of acute and chronic fasciolosis.

Also, the results of the current study revealed that both naturally
and expermintally infected sheep had significantly lower (p<0.05) mean
serum antioxidant levels of vitamin C (Table 2). This occurred due to
utilization of its major amount as an antioxidant against libration of free
radicals that obtained due to Fasciola infection. These findings agreed
with that of Kolodziejczyk ef al, (2005). The authors reported lower
concentrations of the non-enzymatic antioxidant vitamins C,
simultaneously with enhancement of lipid peroxidation processes as
evidenced by increased levels of TBARs. Rehim ef af, (2003) found that
TBARs levels were significantly increased, in addition to decreased
plasma ascorbic acid afier Fasciola sp. infection, indicating that
inefficient elimination of the reactive oxygen radicals resulting in
oxidative liver damage (Sanchez ez af., 1999).

Data indicated that ecxperimentally infected sheep showed
biochemical changes more or less similar to those of naturally infected
ones.
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Current results might be used te issue advice on the need for
follow up liver function in the freatment course of fasciolosis. The
indicators of the infection alone were considsred useless, and I is
concluded that herd diagnosis of fasciclosis may rely on the rise of
specific antibody levels, possibly associated with increased hepatic
enzyme activities.

It could be concluded that free radical-initiated lipid peroxidation
may play a role in hepatic fibrogenesis through an effect of peroxidative
products on Kupffer cells and lipocytes. This hypothesis is supported by
the observation that dietary supplementation with vitamin E and C has a
protective effect on Fasciola-induced hepatic fibrosis (Britton and Baco,
1994). Changes in the antioxidant abilities of infected sheep were
accompanied by rising activities of ALT, AST, LDH and yGT as
markers of liver damage.

REFERENCES

Ali, 8.F.; Joachim, A. and Daugschies, A. (1999): Eicosanoid production
by adult Fasciola hepatica and plasma eicosanoid patterns
during fasciolosis in sheep. Int J. Parasitol., 29(5):743-748.

Bautista-Garfias, C.R.; Lopez-Arellano, M.E. and Sanchez- Albarran, A.
(1989): A new method for serodiagnosis of sheep fascioliasis
using helminth excretory/secretory products. Centro Nacional
de Investigaciones Disciplinaries en Macrobiologia, Mexico.
Parasitol. Res. 76 (2): 135 - 137.

Boray, JC. (1966): Studies on the relative susceptibility of some
lymnaids to infection with Fasciola hepatica and Fasciola
gigantica and on adoption of Fasciola sp.” Ann. Trop. Med.
Parasitol.; 60 (1): 114-124.

Britton, R.S. and Bacon, BR (1994): Role of free radicals in liver
diseases and hepatic fibrosis. Hepatogastroenterol.; 41(4): 343-
348.

Chen, M.G. and Mott, K E. (1990): Progress in assessment of morbidity
due to Fasciola hepatica infection. Trop. Dis. Bull., 87 (4):1-
38.

Chick, B.F.; Coverdale, O.R. and Jackson, A.R. (1980): Production
effect of liver fluke (F. hepatica) infection in beef cattle” Aust.
Vet. J. 56 (12): 588-592.

199



Assiut Vet, Med. J. Vol 32 No. 110 July 2006

* Dumenigo, B.E.; Espino, AM; Finlay, CM and Mezo, M. (2000):
Kinetics of antibody-based antigen detection in serum and
feces of sheep experimentally infected with Fasciola hepatica.
Vet. Parasitol. 89 (1-2): 153 - 161.

El-Bahy, M. M. (1984): Some studies on chemical and biological control
of some Egyptian snails. M. V. Sc¢. Thesis to Fac. Vet. Med.
Caire Univ.

Ei-Samani, F.; Mahmoud, O.M.; Fawi, M.T.; Gameel, A.A. and Haroun,
EM (1985): Serum enzyme activity and Dbilirubin
concentration in sheep experimentally infected with Fasciola
gigantica . J. Comp Pathol., 95(4): 499-503.

Ferre, I; Ortega-Mora, L M. and Rojo-Vazquez, F.A. (1997): Serum
and bile antibody responses (IgG and IgA) during subclinical
Fasciola hepatica infection in sheep. Vet. Parasitol. Feb; 68(3)
2261-7.

Gameel, A.A. (1982): Fasciola hepatica: plasma ascorbic acid, plasma
iron and iron-binding capacity in experimentally infected
sheep”. Z Parasitenkd.;68 (2):185-1809. '

Haroun, EM.; A'Gadir, H and Gameel, A.A. (1986): Studies on
naturally occwrring ovine fascioliasis in the Sudan” J
Helminthol.; 60 (1): 47-53.

Jagota, S.K. and Dani, HM. (1982): A new colorimetric technique for
the estimation of vitamin C using Folin-phenol reagent” Anal.
Biochem., 127 (1):178-182.

Kachmer, JF. and Moss, D.W. (1976): In Fundamentals of Clinical
Chemistry. 2™ edition Tietz W.B. Saunders Co. Philadelphia
P.A, Page 652.

Kithuka, JM.; Maingi, N.; Njeruh, F.M. and Ombui, JN. (2002): The
prevalence and economic importance of bovine fasciolosis in
Kenya. An analysis of abattoir data. Onderstepoort J. Vet. Res.,
69 (4): 255 - 262.

Kolodziejezyk, L.; Siemieniuk, E. and Skrzydlewska, E. (2005):
Antioxidant potential of rat liver in experimental infection with
Fasciola hepatica. Parasitol Res., 96 (6):367-372.

Mbuh, JV. and Mbwaye, J (2005): Serological changes in goats
experimentally infected with Fasciola gigantica in Buea sub-
division of S.W.P, Cameroon” Vet. Parasitol. 10; 131(3-4):
255-259.

200



Assiut Vet Med. J. Vol 32 No. 110 Julv 2006

Modavi, S. and Isseroff, H. (1984): Fasciola hepatica: collagen
deposition and other histopathology in the rat host’ bile duct
caused by the parasite and by proiine infusion. Exp. Parasitol.,
58:239 -244.

Mousa, W .M. (1994): Evaluation of specific Fasciola gigantica antigens
for the diagnosis of fascioliasis in experimentally and naturally
infected sheep by ELISA. Vet. Med. J. Giza 42 (1 A): 77-81.

Prache, S. and Galtier, P. (1990): Changes in blood bilirubin and
plasma activity of gamma-glutamy! transferase in lambs
experimentally infested with Fasciola hepatica” Reprod Nutr
Dev.; Suppl 2: 233s-234s.

Rehim, W.M.; Sharaf, 1A,; Hishmat, M.; El-Toukhy, M A.; Rawash, N.A.
and Fouad, HN.(2003): Antioxidant capacity in Fasciola
hepatica patients before and after treatment with
triclabendazole alone or in combination with ascorbic acid
(vitamin O and tocofersolan (vitamin E).
Arzneimittelforschung.; 53(3): 214-420.

Retiman, S. and Frankel, S. (1973): Colorimetric determination of
glutamic transaminase. Am. J. Clin. Pathol. 28: 56-63.

Sanchez-Campos, S.; Tunon, M.J.; Gonzalez, P. and Gonzalez-Gallego,
J. (1999): Oxidative stress and changes in liver antioxidant
enzymes induced by experimental dicrocoeliosis in hamsters.
Parasitol Res.; 85(6): 468-74.

S&ndeman, RM and Howell, M.J (1981); Response of sheep to
challenge infection with Fasciola hepatica. Res. Vet. Sci. May;
30(3): 294-7.

Satoh, K. (1978): Serum lipid peroxides in cerebrovascular disorders

determined by a new colorimetric method. Clin. Chim. Acta
90: 37-43.

Schmidtl, G.D. and Roberts, L.S. (1985): Foundations of Parasitology,
3rd Edition. Times Mirror, Mosby College. Publishing, St.
Louis, Toronto, Santa Clara.

Sherlock, S. (1951}: Colorimetric method for determination of serum
total and direct bilibubin. Liver Diseases, Churchill, London. P.
204.

Snedecor, G. and Cochran, W.G. (1967): Statistical analysis. 6" ed. The
Iowa state Univ. Press. Ames. lowa.

201



Assiut Vet. Med. J,_ Vol 52 No. 110 July 2006

Sykes, A.R.; Coop, R.L. and Robinson, M.GG. (1980): Chronic subclinical
ovine fascioliasis: plasma glutamate dehydrogenase, gamma-
glutamyl transpeptidase and aspartate aminotransferase
activities and their significance as diagnostic aids. Res. Vet.
Sci.; 28 (1): 71-5.

Tietz, N.W. (1994): Textbook of Clinical Chemistry 2™ edition W.B.
Saunders Co. Philadelphia P.A, Page 851.

Torgerson, P. and Claxton, J. (1999): Fasciolosis: epidemiology and
control, in: Dalton JP. (* Ed), Fasciolosis, CAB
International, Wallingford, , pp. 113-150.

Welch, S.; Malone, J and Geghan, H. (1987): Hard evaluation of
Fasciola hepatica infection in Louissiana cattle by ELISA.
Am. J. Vet. Res., 48 (3): 345 - 377.

Wyckoff, J.IL and Bradley, R.E. (1985): Diagnosis of Fasciola hepatica
infection in beef calves by plasma enzyme analysis” Am J Vet
Res. 46 (5):1015-1019.

Yang, Q.; Mao, W .H.; Ferre, I.; Bayon, JE.; Mao, X.7Z. and Gonzalez-
Guallego, J. (1998): Plasma aspartate aminotransferase (AST),
glutamate dchydrogenase (GLDH) and gamma-glutamyl
transpeptidase  (GGT) activities in water buffaloes with
experimental subclinical fasciolosis. Vet. Parasitol.; 78 (2):129-
36. '

202





