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ABSTRACT

The metronidazole, one of the S-nitroimidazole compound, was used as anti-
anaerobic protozoa (Trichormonas vaginalis, Entamoeba histolytica and Giardia lambe-
lia) and may used in veterinary medicine for prevention and treatment of coccidiosis in
poultry and animals, dog trichomoniasis and anaerobic bacterial diseases. The aim of
the present study is a trial to study pathological, biochemical and haematological
changes associated with uses of metronidazoles (therapeutic or double therapeutic dos-
es) in goats. Fifteen adult male goats aged flve months were divided info 3-equal
groups, the 15t group is the control goats, the 2"d group was Lv. injected with 25 mg
metronidazole /kg.b.w., once a day, for 5- consecutive days, and the 3™ group was Lv.
injected with 50mg metronidazole /kg.b.w. {double therapeutic dose} as the same man-
ner of the 2"d group. Haematological, serum biochemical, protein immuno-
electrophoretical ard histopathological studies were carried out on blood, serum and
organ samples from the slaughtered animals at 61" day of drug treatiment. Based on
the histopathological, biochemical and haematological results, it could be concluded
that, the metronidazole injection in goals (especially by 50mg/kg.b.w. dose levels)
could induced : anaemia (because of the significant decrease of erythrocytes, leucocy-
tes and blood platelets counts, and haemoglobin concentration), imununosuppression
(because of the hypogamma-globulinemia, leucopenia beside degenerative changes
and muitiple necrosis in the spleen tissue), liver dysfunction (due to the clevated ALT-
enzyme activity and serum total bilirubin, and degenerative changes or local and dif
Juse necrosis In the hepatic tissues), kidney dysfunction (due to the elevated serum
creatinine and haemorrhages in renal tissues and degenerative changes , and necrosis
of the renal tubular cells). '

INTRODUCTION
The Azomycin (2-nitroimidazole) was the first antibiotic isolated from streptomycete, it had a -
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trichomonocidal activity, and this led to the chemical synthesis of other nitroimidazoles {Cosar
and Julou, 1959). From the biologically active nitroheterocyclic compounds are the 2-
nitroimidazoles and 5-nitroimidazoles. The latter include : tinidazole, ornidazole, nimorazole,
benzoylmetronidazole, secnidazole (Flagentyl) and metlronidazole (Flagyl] (Rossignol et al.,
1984) as antiprotozoal and antibacterial antibiotics. The mode of their actions is by the reduc-
tion of nitroreductase enzyme of the microorganismns, with the consequent inhibition of the mi-
crobial DNA causing their death (Sisson and Ingham, 1985). ‘

Metronidazole [1-(2-hydroxyethyl) -2-methyl-5-nitroimidazole] was used in human medicine
as antianaerobic protozoa (trichomonas vaginalis, Entamoeba histolytica and Giardia lambelia)
and (Nigro et al., 2003). The drug penetrates the blood brain barricr and édes through hepato-
biliary excretion {Tsai and Chen, 2003). It accumulates in patients with liver dysfunction caus-
ing peripheral and central nervous disorders (Horlen et al., 2000 and Kim et al., 2004).

Metronidazole induced : anaemia (El-Nahas and El-Ashmawy, 2004), Geno-and cyto-
toxicities for human peripheral lymphocyte (Nigro et al., 2003, and Carballo et al., 2004), and
somatic cells (El-Nahas and El-Ashmawy, 2004}, Carcinogenesis in animals (Bendesky et al.,
2002}, inhibit the tumour necrosis factor (Colpaert et al,, 2001), (El-Nahas and El-Ashamwy,
2004). spermatotoxic to rats which may mediated by its lowering the circulating serum repro-
ductive hormones (FSH, LH and testosterone) (Grover et al., 2001), and the drug also increase
the frequency of post implantation deaths in female rats (Murdy et al., 2001},

In velerinary practice, metronidazole (Fiagyl) was used for treatment of rabbit coccidiosis (Re-
shetnyak et al., 1970, and Jones et al., 1977), chicken coccidiosis in Egypt {Shakshouk et
al.,, 1995), and lately, the secnidazole (Flagentyl). as one of 5-nitroimidazole compounds, was
used also for treatment of rabbit coccidiosis (Helal and Seddiek, 2005). Beside the drug is use-
ful for preverition of anaerobic bacterial diseases in animals as tetanus and gas gangrene (Free-
man et al., 1968). So that, the objective of the current toxicological study is to examining some
biochemical, immunological, haematological and histopathological changes which may be in-
duced in one of ruminant animals (as goats) by metronidazole for the purpose of the safety use
of the drug in treatment of coccidiosis and anaerobic infections in Egyptian goats.

MATERIAL AND METHOD

In a private goat farm, fifteen apparently healthy adult male goats aged five months were di-
vided into three equal groups, the first group served as a control group, the goats of the second
group were intravenously (i.v.), injected with 25mg /kg.b.w. {therapeutic dose) of the metronida-
zol drug, (injectable solution, Amryia Pharmacautical Indust. Company, Alex., Egypt) once per
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day, for 5-consecutive days. The goats of the third group were i.v. injected with £0mg metronida-
zol/kg.b.wt for 5-days {as in the 224 group). At the 6th day of drug injections, all animals were
slaughtered and the blood (with heparin-anticoagulant) was collected for haematological {Red
and white blood corpuscle counts, lraemoglobin concentration and blood platelels count) accord-
ing to Schalm (1961), blood samples from all slaughtered goats were collected without anticoag-
ulant for obtaining serum samples for serum protein electrophoresis on cellulose acetate (Bierer,
1969), and for estimation of the following serum constituents as : the activities of aspartic ami-
notransferase (AST) and the Alanine aminotransferase (ALT} enzymes according to Reitman and
Frankel (1957). total bilirubin {(Jendrassiki, 1938}, serum creatinine (Henry, 1974} and the
serum total protein (Doumas et al., 1971). Also, {resh liver, kidneys and spleen samples were
put in 10% neutral formaline - saline then processed for paraffin seclions and stained with hae-
matoxylin and Eosin (H & E) stain for histoputhological examinalion (Lillie and Fullmer, 1976)
and the histological changes were microscopically examined. The data were statistically evaluat-
ed using the t' student test according o (Snedecor and Cochran, 1969).

RESULTS
A) Sexrum Protein Fractions :
The serum protein electrophoresis showed the following protein profiles :

1- Albumin : There was a significant increase (P<0.05) of serum albumin (by dose level of

25mg /kg.b.w.) and significant decrease = (P<0.001) by the dose level of 50mg/kg.b.w. than that
of the control goats.

2- Alpha-1 (o-1) Globulins : there were significant decrease of o-1 globulins in goats adminis-
tered either 25 or 50mg metronidazol/kg.b.w. (at P £ 0.01 and 0.001 respectively) than control
goats.

3- Alpha -2 (0-2) Globulins : o2 globulins incrcased significantly (P < 0.001) than that of the
control goats.

4- The Beta () globulins : the §-fraction decreased significantly (P < 0.01) by 25mg/kg., but
increased significantly (P < 0.001) by the double dose (50mg/kg.b.w.) than of coutrol goats.

8- Gamma (y) Globulins (Immunoglobulins) : The immunoglobulins were signilicantly (P g
0.001) decreased in goats administered either 25 or 50 mg metronidazol / kg.b.wt. dose levels
than that of the control goat.

6- Total globulins : the total globulins were equally significantly decreased (P < 0.01) in the
two metronidazol treated groups of goats by (25 and 50mg/kg dose levels) than that of the con-
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trol animals (Table 1, and Fig.1).

B) Haematological Results :

1- White Blood Corpuscles (WBCs) Count : There was only significant decrease in WBCs
count in goat administered 50mg metronidazol /kg.b.w. than that of the control goats.

2- Red Blood Corpuscles (RBCs) Count : The RBCs count of goats administered with either
25 or 50 mg metronidazol/kg.b.wt. were significantly decreased (P < 0.05) than that of con-
trol animals.

3- The Haemoglobin (Hb) concentration : The Hb-concentrations were significantly de-
creased (P g 0.09) in goats of both metronidazol treated groups than that of control one.

4- Blood Platelets : Also, the platelets of the blood of metronidazol treated groups of goats
were significantly decreased (P < 0.01 and 0.001) by dose levels of 25 and 50 mg/kg. re-
spectively, than that of control animals (table, 2).

C) The Changes of Some Serum Biochemical Constituents :

1- Aspartic Amino Transferase (AST) Enzyme Activity : The serum AST-enzyme activity
was only significantly increased (P < 0.001) in goats treated with 50mg metronidazole than
that of control group.

2- Alanine amino transferase (ALT) enzyme activity : The serum ALT enzyme activity was
significantly (P < 0.05) increased by 25mg/kg.b.wt and significantly (P £ 0.001) increased
by 50mg/kg.b.wt in metronidazole treated groups of goats than that of control goats .

3- Total Bilirubin : The total bilirubin was significantly increased in the serum of metronida-
zol treated goats by either 25mg/kg. (P < 0.01) or by 50mg/kg. (P < 0.001) than control.

4- Total cholesterol : The total cholesterol was not showed any significant change in metro-
nidazol treated groups than that of control group of goats.

5- Serum Creatinine : Creatinine was only increased significantly (P < 0.05) in treated goats
with 50ing metronidazol/kg. than of control group.

6- The Total Proteins : The serum total protein was only significantly (P < 0.001) decreased
in metronidazole treated goats (50mg/kg.b.w) than that of control animals {Table, 3).
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D) The Histopathological Changes :
1- Liver :

a- 28mg metronidazole/kg.b.w. dose Icvel : The liver showed degeneralive changes of hepa-
tocytes, congestions of hepatic blood vessels (Ifig.2).

b- 50mg/kg. metronidazole /kg.b.w. dose level : The histopalhological examination of the

liver revealed vacuolation of the hepatocytes and congestion of the cenitral vein (Fig.3).

2- Kidneys :

a- 25mg/kg.B.W. Dose Level : The histopathological examination showed vacuolation and
slight necrosis of renal tubular cells.

b- 50-mg/kg.B.W. dose Level : Swelling of renal tubular cells, vacuolation of renal tubular
cells, partial flattening of some tubular epithellum and intertubular hacmorrhages  were
notlced (Fig. 4).

3- Spleen:

‘a- 28mg/kg.B.W. Dose Level : Slight degeneralive changes in the lymphoid cells of the
spleen.

b- 50mg/kg.B.W.Dose level : Lymphoid depletion of white pulps of the spleen and thickening
of the walls of the blood vessels of the spleen were seen (Fig.5).

DISCUSSION

The parasitic illness is increasing all over the world, espccially in developing countries, in the
veterinary practice, the coccidiosis, the dog trichomonias and the anaerobic bacterial diseases
need newer drugs for their treatments, where these agents are susceptible for ticatment with the
5-nitrotmidazole drugs (especially metronidazole) as previously reviewed. The introduction of
such drugs in veterinary medical therapy may neceded for treatment, which may be used also to
overcome the drug resistance of the already available drugs, and these drug resistances may
causing serious problems in controlling such diseases (Chapman, 1997).

There was no sufficient available data concerning the use of metronidazole in treatment of
goats, so that the current study was essentially conducted to studying the intravenous injections
of two doses of metronidazole {injectable solution}, as suggestive therapeutic and its double dose
(taking in consideration the human therapeutic dose as a guide) through the present biochemi-
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cal, immuncelectrophoretical, haematological and histopathological changes in the treated goats.

The present study revealed that the serum albumin and AST-enzyme activity were significant-
ly decreased in metronidazole treated goats (by 50mg /kg.b.w., for 5-days), but both the ALT-
enzyme activity and the serum total bilirubin were significantly increased in treated goats by ei-
ther 25 mg or 50mg /kg.b.w. dose levels than control animals, this result may indicated the
presence of a certain degree of liver dysfunction, especially by the 50mg/kg.dose level. On the
other side, there was degenerative changes in the liver and congestions in the liver tissue, such
pathological changes become more prominent and clear by the higher dose (50mg/kg), further
study should be needed to determine if these changes are reversible {or not}, especially by the
lower dose level (25mg/kg.b.w.). Bjornsson et al. (2002) recorded hepatocellular injury and cho-
lestasis in human patients treated with metronidazole for 2-years and suggested the possible re-
lationship between these changes and this drug therapy. The increased activity of ALT-enzyme
which was parallel with the increased concentration of the serum total bilirubin, are indicative of
Itver dysfunction (Kachman and Moss, 1976). But the non-significant change of serum albumin
and AST-enzyine activity by the dose level 25 mg metronidazol/kg.b.w., may pointed to that the
liver of treated goat was not severly substantially impaired (and probably {emporary or tran-
slent), as the albumin is synthesized in the liver (McPherson, 1984). The decreased level of al-
bumin in serum of 50mg metronidazole/kg.treated goats may also duc to presence of certain de-
gree of kidney dysfunction, where the serum creatinine of treated goats also increased hy the
'same dose level (50mg/kg) by the present study. The serum creatinine increased Indicated the
possibility of the substantial impairment of kidney to a degree that kidney could permit to the
excretion of the albumin (which of small molecular weight protein) to the urine {Hayes, 1989),
and this could be confirmed through the present histopathological study. which revealed the
presence of necrosis in the renal tissue, and haemorrhagic areas, especially by the dose level of
50mg/kg.b.w.

The present study revealed that o-l-and o-2-globulins were mostly decreased by 50mg/
kg.b.w. dose level, but a-2-globulins increased only by 25mg/kg. dose level. Kaneko (1989) re-
viewed that there are 13-types of a-globulins of diagnostic values, the elevated levels of some of
them have reported with some toxic chemicals and drugs {Dolezalova et al.,, 1983) and with
protein catabolism or with adrenal stimulation (Schalm, 1975).

The Beta () globulins were significantly decreased (by 25 mg/kg) and increased (by
50 mg/kg) in goat treated with metronidazole drug in the present study. The increased level
of P-fractions may be attributed to some immunoglobulins {y-fractions) which may transferred to
the regions of -globulins in response to hemolytic anaemia, iron deficiency or autoimmune dis-
ease (Kaneko, 1989).
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The Gamma (y) globulins (immunoglobulins) were significantly decreased by the two dose lev-
els of metronidazole treatments in goats compared to the untreated control goats. The immuno-
globulin decreaée is an indicative of the presence of immunosuppression activity of metronida-
zole drug, as the y-globulins are the precursors of the specific antibody formation, and they are
composed of several immunoglobulins (Ig} such as : IgG, IgM, 1gA, IgE and IgD, which are syn-
thesized by the plasma cells, which maturated from -B-lymphocytes, in the spleen, bone marrow
and lymph nodes (McPherson, 1984). The current work revealed also the presence of significant
decrease of leucocytic count {leucopaenia), and presence of multiple necrotic areas in the spleen
tissue (especially by 50mg metronidazole/kg.b.w.). A transient and reversible neutropenia has
been recorded during metronidazole treatment {Sanders et al,, 1979) and leucopenia and neu-
tropenia were recorded by Mandal et al. (1987), and lately, the leucopenia in mice, {induced by
metronidazole} could be reported by El-Nahas and El-Ashmawy (2004}, the latter authors re-
corded also, that metronidazole induced anaemia in mice (represented by decreased erythrocyte
and leucocyte counts, and haemaglobin coneentration). Such anaemia could be recorded also in
metronidazole treated goats by our study, as a decrease in erythrocytes, leucocytes and platelets
counts and haemoglobin concentration.

The immunesuppression effect that induced by metronidazole treatments could be strengthen
by other authors, Bamias et al. (2002) revealed the decreased of percentage of lymphocytes in
the mesenteric lymph-riodes in metronidazole treated mice, parallel with decreased production of
IFN-gamma and Inhibition of Th; - cytokine production. Carballo et al. (2004) reported a de-
crease in the replication index in lymphocytes in metronidazole treated women. Also, Colpaert
et al. (2001) recorded, in vitro, that the metronidazole suppressed the tumour necrosis factor in
rats.

In conclusion, the metronidazole injection (especially by 50mg/kg.b.w.) could induced :
anaemia (because of the significant decrease of erythrocyte, leucocytes and platelets counts and
haemoglobin concentration and necrosis in spleen), immunosuppression (because of hypogam-
maglobulinemnia and leucopenia), liver dysfunction (due to the elevated ALT-enzyme activity and
total bilrubin and degenerative changes in lver tissue), kidney dysfunction (due to elevation of
serum creatinine and degenerative changes in renal tissue). Further studies should he done
weekly examinations of the all above parameters should be carried out in goats after parenteral
{or even oral) administration of 25mg/kg.b.w. to determining if these changcs were reversible
and transient, or not, before the therapeutic administration of the metronidazole drug in the
Egyptian goats.
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Table (1): The different protein fractions of the serum protein of Goats
(Intravenously injected with metronidazole for 5 days) as
determined by the immunoclectrophoresis.

Groups Albumin | Alpha-1 | Alpha-2 | Beta (B) [ Gamma | Total Total
(Doses) (A) (c-1) (0-2) Globulins | (¥) Globulins | proteins
globulins | globulins Globulins
(gdh) | (g/dl) (g/dl) (g/dl) (g/dl) (g/dl) (g/dl)
Control 1.660+ |0420+ 0270+ |0.800+ 3530 + 5040+ [6.700 +
Goats 0.078 0.045 0.012 0.033 0.170 0319 0.385
(0.00mg/kg)
25mg/kg.B.w. | * *¥ kK ok Kk * NS
(I/v.inj.) 2230+ 10260+ ]0.680+ 0.620x 1.810 + 3.370 + 5.600 +
0.158 0.013 0.026 0.036 0.137 0.269 0.306
50mglkg.B.w. A ok ok ko sk sk ok % ®kok *¥ Nk
(Iv.Inj.) 0.680+ §0.030+ |0.070+ |1.520+ 1.700 + 3320+ |4.000 +
0.064 0.004 0.004 0.107 0.095 0.187 0.233

N.B. : NS = Non-significant change between means. * = Significant change between the
two means (at P < 0.05), ** = highly significant change between the two means (at P <
0.01), *** = very highly significant change between the two means (at P < 0.001).

Table (2): Some Haematological parameters (white and red blood
corpuscle and blood platelets counts, haemoglobin
concentration) of goats intravenously injected with

metronidazole for 5 days.

White Blood Red Blood Haemoglobin | Blood platelets
Groups Corpuscles Corpuscles concentration (Thousands
(Doses) (WBCs) (RBCs) /cumm)
{thousands/cumm) | (Milions/cumm) g/dl ’
Control 4,200 + 3,700,000 + 8,700 + 860,000 +
(0,00 mg/kg.) 221 165,000 0,345 28,844
25mg/kg.B.w NS 3,600 + *3,100,000 + *7.500 + ** 720,000 +
/v, inj.) 210 127,600 0.291 25,298
50mg/kg.B.w. * 3,500 + * 2,400,000 + ¥ 7,200 + *** 640,000 +
(I/v.inj.) 139 63,000 0,295 20,396

N.B. : NS = Non-significant change between means. * = Significant change between the
two means (at P < 0.05), ** = highly significant change between the two means (at P <
0.01), *** = very highly significant change between the two means (at P < 0.001).
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Table (3): Some serum biochemical constituents of goats intravenously injected with

metronidazole for 5-days.

Groups Aspartic Alanine amino- § Total Total Creatinine Total
(Doses) amino- Transferase | Bilirubin | Cholesterol Proteins
transferase | (ALT) Enzyme
(AST) Enzyme Activity
Activity (IU/L) (mg/dl) (mg/dl) (mg/dl) (g/dl)
{u/L)
| Controi 41+ 8.100 + + | 118+ 1100+ 700
{ Goats 3.448 0.753 0.164 8.713 0.127 0.385
{0.00mg/kg)
25mg/kg.B.w. NS 43 + *12.200 + *1.500+ | NS 130+ | NS 1.200+ ] NS 5.600+
(I/v.inj.) 3.162 1.019 0.117 10.198 0.134 0.306
50mg/kg.B.w. Rk 66 + **213.700+ | **2.300+ | NS 143+ ) *1.600+ | **84.000+
(I/v.Ini) 3311 1.028 0.212 10.826 0.126 0.233

N.B. : NS = Non-significant change between means.
* = Significant change between the two means (at P < 0.05),
** = highly significant change between the two means (at P < 0.01),
*** = very highly significant change between the two means (at P < 0.001).
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(a) (b)

Fig. {1): The different protein fractions of meironidazole treated goats @ (a) control goat (b) goat
i.v. injected with 25mg/kg.b.w., and (c) goat injected with 50mg/kg b.w,

Fig. (2): Liver section of Goat i.v. injected with 25mg metronidazol/ kg.b.w. [ur 5-days, showing
' degenerative changes in the hepatocytes and congestion of the hepatic blood vessels
(H & E. x 400)
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Fig. (3): Liver section of goat, |.v. injected with 50 mg metronidazol/kg.b.w. lur 5-days, showing
congestion of the central vein and vacuolations of hepatocytes (H & E., x 400).

e =i f 4 B i A - '
Fig. {(4): Kidney section of goat, i.v. injected with 50mg metronidazol/kg.b.w. for 5-days, showing
partial flattening of some tubular epithelium and haemorrhages of the Intertubular tis-
sues (H & E, x 400).
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Fig. {8): Spleen section of goat Lv. injecied with 50mg metronidazol/kg.b.w. for 5-days, showing
iymphoid depletion and thickening of the wall of the blood vessel of the spleen

(H. & E. x 400).
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