Shehata, F. I. 8 Sollman, A. S. ) ISSN- 1110-7219 13

PATHOLOGICAL, BIOCHEMICAL AND TOXICOLOGICAL STUDIES
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ABSTRACT

The metronidazole. one of the 5-nilirolmidazole compound. was used as anit
anaeroblc protozoa (Trichomonas vaginalls. Entamoeba histolytica and Glardia lambe-
lip) and may used in velerinary mediclne for prevention and reatment of coceldiosts
poultry and anlmals, dog trichomoniasis and anaeroblc bacterial diseases. The abn of
the present study s a trial to study pathological. blochemleal and haematologlcal
changes assoclaled with uses of melronidazoles {theropeutic or double therapeulic dos:
es) In goats. Fiflteen adult male goats aged jlve months were divided (nto 3-equal
groups, the 15! group Is the control goats. the 279 group was Lu. injected with 25 my
metrontdazole /kg.b.w.. once a day. for 5- consecutlve days, and the 3" group was l.v.
tnjected with 50mg metronidazole /kg.b.w. (double therapeutic dose) as the same man-
ner of the 2" group. Haematologlcal.  serum  blocheatical, 'proietn tmmuno-
electrophorerical and hislopathologlcal studles were carried out on blood, serwn and
organ samples from the slaughtered antmals ot 6V day of drug treatinent Based on
the histopathological. blochemical and haematotogleal results, t coutd be concluded
that. the mebronidazole [njeclion (n goatls (especlally by 50mg/kg.b.w. dose levels)
could tnduced : nnaemia (because of Ue slgnlficaut decrease of erythracytes, leucocy-
tes and blood plalelels counts. and haemoglobln concentration). (mmunosuppression
(because of the hypogarnma-globutinemia. leucopenia beside degenerative changes
and multiple necrosts (n the spleen dssue), lwer dysfunclion (due (o the elevated ALT-
enzyme achvity and serum total blllrubin, and degenerative changes or local and dif-
Jfuse necrosts in the hepatlc tssues). kidney dysfunction (due (o the elevated serum
creatinine and haemorthages n renal tissues and degenerallve changes . and necrasts
of the renal tubular celts).

INTRODUCTION

The Azomycln (2-nltrounidazole) was the ficst anublolc Isolated froin streptomycete, it had a
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trichomonocidal activity, and this led to the chemical synthesis of other nitroimidazoles (Cosar
and Julou, 1958). From the blologically actlve nitroheteroeyclic compounds are the 2-
nitroimidazoles and 5-nitroimldazoles. The latter include : Unidazole. ormidazole, nlmorazole,
benzoylmetronldazole, secnidazole (Flagentyl) and metronidazole (Flagyl) (Rossignol et al.,
19884} as antiprotozoal and antbacterial antiblotics. The mode of thelr actlons is by the reduc-
Hon of nitroreductase enzyme of the microorganisms. with the consequent inhibltion of the mi-
croblal DNA causing their death (Sisson and Ingham, 1683).

Metronidazole |1-(2-hydroxyethyl) -2-methyl-S-nilroimidazole] was used In human medicine
as antianaeroble protozoa (trichomonas vaginalls. Entamoeba histolytica and Glardia lambella)
and (Nigro ct al, 2003). The drug penetrates the blood brain barcier and goes through hepato-
blllary excretion (Tsal and Chen, 2003). It accumulates In patients with liver dysfunction caus-
ing peripheral and central nervous disarders (Horlen et al., 2000 and Kim et al., 2004).

Metronidazole induced : anaemia (El-Nabas and El-Asbhmawy, 23004), Gcno-and cyto-
toxicities for human peripheral lymphocyte (Nigro et al., 2003, and Carballo ot al., 2004), and
somatic cells (El-Nahas and El-Ashmawy, 2004), Carcinogenesis in anjmals (Bendosky et al.,
2002), inhibit the tumour necrosls factor (Colpaqgt et al,, 2001), (El-Nehas aund El-Ashamwy,
2004), spermatotoxic to rats which may medialed by Its lowerlng the clreulating serum rtepro-
ductive hormones (FSH, LH and testosterone) (Grover et al., 2001), and the drug also Increase
the (requency of post tmpiantation deaths in fermale rats (Muxdy et al, 2001).

In velerinary practice, metronddazole (Flagyl) was used for treatment of rabbit coccidiosis (Re-
shetnyak et al, 1970, and Jones et al., 1977). chicken coccldiosis in Egypt (Shakshouk et
al., 1996), and lately, the secnidazole (Flagentyl). as one of 5-nitroimidazole compounds, was
used also for treatment of rabbit coccidiosls (Helal and Seddiek, 2006). Beside the drug is use-
ful for prevention of anaembic bacterial diseases in antmals as tetanus and gas gangrene (Free-
man ot al., 1988). So that. the objective of the current toxicological study is to examining some
biochemilcal. irmmunological, haematological and hisiopathological changes which may be In-
duced in one of ruminant animals (as goats) by metronidazole {or the purpose of the safety use
of the drug in treatment of coccidiosis and anaerobic infectlons (n Egyplian goals.

MATERIAL AND METHOD

In a private goat farm, flfteen apparently healthy adult male goats aged five months were di-
vided into three equal groups, the (lrst group served as a controlf group. the goats of the second
group were intravenously (1.v.), infected with 258mg /kg.b.w. (therapeutic dose} of the snetronida-
zo! drug, (injectable solulion, Amryla Pharmacautical Tndust. Company. Alex., Egypt) once per
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day, for 5-consecutive days. The goats of the third group were f.v. fnjecled with 50mg metronida-
zol/kg.b.wi for 5-days [as in the 229 group). Al the Gt day of drug injections, all animals were
slaughtered and the blood {wilh heparnin-antcoagulant) was collected [or haematological {Red
and white blood corpuscie counls. haemoglobln concentration and blood platelels count) accord-
ing to Schalm (1881). blood samples from all slaughtcred goats were collected without antlcoag-
utant for obtaining serum samples [or serum proleln electrophoresis on celtujose acelate {(Blerer,
1980), and for eatlrmaton of the following serumn constituents as : the activitles ol aspartlc aml-
notransferase (AST) and the Alanine aminotransferase (ALT) enzymes according to Reitman and
Frankel} (1967}, lota) bllirubin (Jendrassikl, 1838). serum creatnine (Henry, 1874) and the
serum total protein (Doumas ct al., 1B71), Also, fresh Hver. kidneys and spleen samples were
put in 10% neutral [ormaline - saline then proeessed for paraflin sections and stained with hae-
mawxylln and Eosin (H & E] stain [or hisloputhological examination (Lillle and Fullmer. 1976}
and the lustological changes were microscopleally exaimined. The dala were statistically evaluat-
ed using the U student test accordlng to (Snedecor and Cochran, 1969).

RESULTS
A) Serum Protein Practlons :
The scrum protein electrophoresls showed thic {ollowlng proteio profiles :

1- Albumln : There was a signlficant increase (P<0.05) of serum albumin (by dose level of
25mg /kg b.w.) and significant decrease  [P<0.001} by tic dosc level of S0mg/kg.b.w. than that
of the control goats.

2- Alpha-1 (¢-1) Globulins : there were significant decrease of -1 globulins tn goats adminis-
tered efther 25 or 50mg metronidazol /kg.b.w. (at P < 0.01 and 0.001 respecUvely) than control
goats.

3- Alpha -2 (¢-2) Globullnsg : «2 globulins Incrcased significantly (P £ 0.001) than dhat of the
conirol goais,

4- Tho Beta () globulips : the fi-fracton decreased significantly (P < 0.01) by 25mg/kg., but
increased significantly (P < 0.001) by the double dose [50mg/kg b .w.) than of control goals.

5- Gamma (y) Globulins (Immunoglobulins) : The immuaoglobulins were signllicanlly (P <

0.001) decreased In goats adminlstered cithec 25 or 5O 1ng metronidazol / kg.b.wi. dose levels
than that of the conuo! goat.

8- Total globulins : the total glabulins were equally signlficanty dccreased (P £ 0.01) in the
two melronidazol treated groups of goats by (25 and 50mg/li dose levels} than that of the con-
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trol animale (Table 1, dnd Fig, 1}.

' B) Haematological Results :

1- White Blood Corpuscles (WBCs) Count : There was anly signlficant decrease in WBCs
count {n goat administered 50mg metronldazol /kg.b.w. than that of the control goats.

2- Red Blood Corpuscles (RECs) Count : The RBCs count of goats adminisiered with elther
25 or 50 mg mctronidazol /kg.b.wt. were significantly decreased (P < 0.05) than that of con-
Lrol animals,

3- The Haemoglobin (IIb) concentration : The Hb-concentrations were significaniy de-
creased [P < 0.05) n goals of both melronidazol treated groups than that of contrel one.

4- Blood FPlatelets : Also, the platelets of the blood of metronidazol treated groups of goals
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 Blochemical Constituents :

1- Aspartic Amino Transferase (AST) Enzyme Activity : The serum AST-cnzyme acUvity
was only gignificantly increased (P < 0.001) In goats treated with 50mg metronidazole than
that of control group. '

2- Alagine amino transferase (ALT) enzyme activity : The serumn ALT enzyme activily was
significantly (P < 0.05) increased by 25mg/kg.b.wt and significantly (P < 0.001) increased
by 50mg/kg b.wt in metrontdazole wreated groups of goats than that of control goats .

3. Total Blllrubin : The tolal bllirubin was significantly Increascd in the serum of metronida-
zol treated goats by elther 25mg/kg. (F £ 0.01) or by SOmg/kg. (P < 0.001) than conlrol

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

B- Gerum Creatinine : Crealinine was only Increased significantly (P < 9.09) (n treated goats
with 50mg metronfdazol/kg. than of control group.

6- The Totial Proteins : The serum total proteln was only sigoliicantly {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:

3- 26mwg metronidazoele/kg.b.w. dose level : The llver showed degencrallve changes of hepa-
tocyles, congesuons of hiepalic blood vesscls (Fig.2).

b- 50mg/kg. metronidazole /kg.b.w. dasc lovel : The histapalhological examinadon of the
lHver revealed vacuolaton of the hepatocytes and congeston of the cenlral veln (T?Ig'.ai‘

2- Kidneys :

a- 26mg/kg. B.W. Dose Level : The histopathologlca) examination showed vacuolatlon and
slight necrosls of renal tubular cells.

b- 50-mg/kg.B.W. dose Level : Swelllng of renal tubular cells. vacuoladon af renal tubular
cclls, partal flatlenlng of some tubular epithc)lum and Inlertubular haemorrhages were
notlced (Flg. 41.

3- Spleén :

a- 26mg/kg.B.W. Dose Level : Slight degeneratlve changes n the lymphotd cells of the
spleen,

b- 60mg/kg. B,W.Dose level : Lymphold depletion of white pulps of tic spleen and thlckening
of the walls of the blood vessels ol the spleen were seen (Fig.5).

DISCUSSION

The parasitic {liness {5 increasing all over Lhe world. cspeclally in developing counlres, in Lhe
velerinary pracucee, the coccldlosls, the dog trichwimonlas and the anaerobic bacterial diseases
need newer drugs {or thelr treatments. where these agents arc suscepuble for treatment with the
5-nilrobmldazole drugs (especlally inctronidazole) as previously revicwed. The Introduction of
svch drugs in veterinary medlcal therapy may nceded for treatment. which may be uscd also (0
overcomne the drug resistance of the already avallable drugs. and these drug resistances may
causlng serlous problems In conirolling such diseascs (Chapman, 1697).

There was no sufliclent avallable data concerning the use of metronidazole in trecatment of
goats, so that the carrent study was essenlUally conducted to studying Ue Intravenous injections
of two doses of melronidazole (injectable solullonj. as suggestive therapeutic and I1s double dose
(taldng {n conslderation the human therapeutlc dose as a gulde) through the present blochem)-
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cal, immunoecleclrophoretical, haematologlcal and histopathological changes In the treated goats.

The present study revealed that the serum albumin and AST-enzyme activity were signiflcant-
ly decreased in metronidazole trealed goats (by 50mg /kg.b.w.. for 5-days), bul both the ALT-
enzyme activity and the serum total bilirubln were significantly Increased in treated goats by e¢l-
ther 25 mg or 50mg /kg.b.w. dose levels than control antmals, this result may [ndicated the
presence ol a cerlain degrée of liver dysfunction, especially by the 50mg/kg.dose level. On the
other side, there was degenerative changes In the llver and congestions In the llver tssue, such
pathological changes become more prominent and clear by the higher dose {30mg/kg). further
study should be needed to determine I these changes are reversible {or not). especially by the
lower dose Jevel (25mg/kg.b.w.). Bjormeson et al. (2002) recorded hepatocellular injury and cho-
lestasls In human patients treated with melronidazole 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
lver dysfunction (Kachman and Moss, 1876). But the noa-significan! change of serum albumin
and AST-enzyme actlvity by the dose level 25 mg metronidazol/kg.b.w., may poinied to that the
lver of treated goat was nol severly substanUally (mpaired (and probably temporary or tran-
slent), as the albumin {3 synthesized I the liver (McPherson, 1984). The decrcased level of al-
bumin in serum of 50mg metrontdazole/kg.treated goals may also due to presence of certain de-
gree of kdney dysfunclion, where the serum creatinine of treated goals also increased by the
 sami dose level (50mg/kg) by the present study. The serum creatinine tnereased indicated the
possibility of the substantial impalrment of kidney o a degree thal kidney could permit o the
excretion of the albumin (which of small molecular welght proteln) to the urine (Hayes, 1989),
and this could be confirmed through the present histopathologlcal study. which revealed the
presence of necrosls in the renal tssue, and haemorrhagic areas, especlally by the dose level of
50mg/kg.b.w.

The present study revealed that a-1-and a-2-globulins were mosty decreased by 50mg/
kg.b.w. doge 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 dlagnoslic values, the clevated levels of saome of
themn have reported with some toxdc chemicals and drugs (Dolezalova et al.,, 1983) and with
proteln catabolism or with adrenal stimulation {Schalm, 1975].

The Beta () globullns were significantly decreased (by 25 mg/kg) and increased (by
50 mg/kg In goat treated with metronldazole drug [n the present study. The ncreased level
of B-fractions may be attributed to some immunoglobulins (y-fractions) which may transferred to
the reglons of -globullns in response to hemolytic anaemla, lron deficlency or autoliinmune dis-
ease (Kaneko, 1989).
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The Gamma (y) globulins (Immunoglobu)ing} were signilicantly decreased by the bwo dose lev-
els of mermd?zolc treatments In goals cormpared (o the unireated conuol goats. The tmumuno-
globulin decrease s an indicatlve of the presence of Immunosuppression aclvity of mietronlda-
20le drug. as the y-globuling are the precursors of the speciiic anUbody formauon. and Uiey are
composed of several Immunoglobulins (Ig) such as : 1gG, IgM, IgA. IgE and 1gD, 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 leucocytce count (leucopsaenia). and presence of muliple neerolc areas in the spleen
Ussuc (especlally by SOmg metronidezole/kg.b.w.). A ransient and rveverstble neulropenia has
been recorded during metrontidazole treatnenl (Sanders et al., 1978) and leucopenia and neu-
tropenja were recorded by Mandal et al. (1987). and lalely. the leucopenia in mice, (Induced by
melronidazole) could be reported by El-Nzhas aod El-Ashbmawy (2004), the latter authors re-
corded also. that metronidazole Induced anaemila in mice (represented by decreased erythrocyte
and leucocyte counts. and haermagiobln concentralion). Such anaemia could be recorded also n
metrornldazole trealed goals by our study. as a decrease in erythrocytes, leucocytes and platelets
counts and haemopglobin concentration.

The immunosuppresaion effect that tnduced by metronidazole Lreatments could be surengthen
by other authors. Baxnlas et al. (2002) revealed the decreased of percentage of lymphocytes in
the mesenteric lymph-nodes in metronldazole {reated mice. paraliel willy decreased producton of
IFN-gamma and inhlbition of Thy - cytokine producUon. Carballo et al. (2004) reported a de-
crease tn the replication index in Jymphocytes in metronidazole treated women. Also, Colpaert
et al. (2001) recorded, in vitro, that the metronidazole suppressed the tumour necrosis {aclor tn
cats.

In couclusion, the melronddazole injectlon (especially by S0mg/kg.b.w) could nduced :
anaemja (because of the significant decrease of erythrocyte. leucocyles and platelets counts and
haemoglobln concentration and necrosis In gpleen). immunasuppression (because of hypogam-
maglobulinemia and leucopenla), Uver dysfunction (due 1o the elevated ALT-enzyme acUvity and
total bilrubin and degenerative changes n liver tissue). kidney dysfunction (due (o efevalion of
serum creatinine and degeneratlve changes in renal tssue). further studies shoukd be done
weekly examinauons of the all above parameters should be carried out In goats afler parenteral
{or even oral) administration of 25mg/kg.b.w. to determlning If these changes were reversible
and lransient, or not, before the therapeutic administration of Lthe metronddazole drug in the
EgypHan goats.
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Table (1): The different protein fractions of the serum protein of Goats
(Intravenously injected with me¢tronidazole for 5 days) as
determined by the immunoelectrophoresis.

Graups Albumin | Alpha-1 | Alpha-2 | Beta (B) | Gamma | Total Total
(Doscs) (A) (o-1) (0-2) Globulins | (Y) Globulins | protcins
glabulins | globulins Globulins
{g/dh) (g/d1) | (g/d)) (g/dD) (g/d1) (g/d) (g/dl)
Coantrol 1.660+ 10420+ 0270+ | 0.800+ 3.530+ 5.040 + 6.700 +
Goats 0.078 0.045 0.012 0.033 0.170 0319 0.385
{0.00mp/kg)
25mg/kg‘B“v‘ " ¥ ¥ ik * % HOE N % NS
(Iv.inj.} 2230+ | 0260+ |0.680+ | 0620+ 1.810 + 3370+ 5.600
0.158 0.013 0.026 0.036 0.137 0.269 0.306
Somgjkg.B‘w. * ok L L 2 ¥k a4 LR L ¥k
(Liv.Inj.) - 0.680+ | 0030+ 0070+ 1520+ 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. * = Significanl change beiween the
two means (at P < 0.05), ** = highly significant change between the lwo means (at ' <
0.01), *** = very highly significant change belween 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 Corpuscics conceniration | (Thousands

(Doses) (WICs) (RBCs) /cumm)

thousands/cumm) | (Milions/cumm) g/d! [

Coutrol 4,200 + 3,700,000+ 8,700 % 860,000 +
(0,00 mg/ke.) 221 165,000 0,345 28,844
25mg/kg. B.w NS 3,600 + *3,100,000 + *7.500 + ** 720,000 +

(Itv. inj.) 210 127,000 0.291 25,298
50mg/kg.B.w. * 3,500 £ * 2,400,000 + * 7,200 + ** 640,000 +

{Ifv.inj.) 139 63,000 0,295 20,396

N.B. : NS = Non-significant change belween means. * = Significant change between the
two means (at P < 0.05), ** = highly significanl change between the lwo means (al 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 infravenously injected with

metronidazole for S-days.

Groups Aspartic Alanine amino- | Total Taotal Creatinine Total
{Doses) amino- Transferase | Bilirubin | Cholesterol Proteins
transferase {ALT) Enzyme
(AST) Enzyme Activity

Activity (TU/L) (mgfd) | (mg/dl) | (mg/d) (z/d1)

(TLI/L)
Control af + B.100 + 1.030 + 118 & 1.100 + 6. 700+
Goats 3648 0.753 0,164 8713 0.127 0.385
(0.00ma'ke)
15mp/ip.B.w. NG 43 + * 12200 + {500+ | NS110+ | NS1200% | NS 5.600x
{Liv.inj.) 3,162 1.019 0.117 10,198 0.134 0.306
Simg/kg.B.w. wAR 56+ *R 13700+ | 2300+ | NS 1434 * 1600+ | **34.000%
(Ev.0nj.) 3:31), 1 028 0212 10.826 0.126 0.233

N.B. : N5 = Non-significant change between means

* = Bigntficant change between the two means (at P < 0.05),
** = highly significant change between the two means (at P £ 0.01),

**¥ = very highly signuificant change between the two means {at P = 0.001).
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Fig. (1): The different proleln fracUons of metronidazole Lrealed goats : (a) conlrol goat (b) goal
.v. injected with 25mg/kg.b.w.. and {¢) goat Injected with S0mg/kg b.w.

Fig. (2): Liver seclon of Goat Lv. Infected with 25mg metronidazol/ kg.b.w. for 5-days, showing
A degenerauve changes in th¢ hepatocytes and cangestion of the hepatic blood vessels
(H & E. x 400)

Mansoura, Vet. Med. J.- Vol. vill, No. 2, 2008
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Fig. (3): Liver section of goat. i.v. Injected with 50 mg metronidazol/kg.b.w. for 5-days. showing
congeston of the central vein and vacuolauons of hepatocytes (H & E.. x 400).
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Fig. (4): Kidney section of goat. 1.v. Jnjected with 50mg metronidazol/kg.b.w. for 5-days. showing
partial flattening of some tubular epitheltumy and haemorrhages of the Intertubular ts-
sues (H & E. x 400).

Mansoura, Vet. Med. J. Vol. vIlI, No. 2, 2006



Shehate, F. L & Saliman, A. 5. 24

Fig. (6): Spleen seclon of goat |v. injected with 50mg metrorddazol fhg.bow, for S-days, showing
lymphoid depletion and thickendng of the wall of the blood vessel of the spleen

{H. & E. x 400).
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