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ABSTRACT

Conczu;rem administration of both antibiotics and diuretics is more
Jfrequently comnion in animals in acute severe infection when a rapid
onser of diuresis is desired or in animal treated for odema. QOur
studies, were established six groups (N= 10) of albino rats. One group
(¢p.) was kept as control. The remaining groups were injected intram-
uscularly (i.m.) with enrofloxacin 10 mg kg"‘daily for 5 successive
days (gp.2) or furosemide 20 mg kg™ for 3 days at I*' . 3" and 5" day
(gp.6) or combination of both enrofloxacinl0 mg kg’ for 3 successive
dayvs and furosemide 20 mg kg'l at I day (gp.3), 1" and 3 day ap.4)
and 1%, 3 and 3" day (gp. 5). Five rats from each group were
sacrificed at 2" and 9" day post-cessation (d p.c.) of treatment. Two
blood samples were collected from each animal, for hematological
and biochemical parameters. The sacrificed rats were dissected and
- samples from kidneys, liver, heart, spleen and testes were collected for

histopathological examination. The obtained hematological results
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revealed a significant decrease in erythrocytic count and hemoglobin
concentration, PCV %, MCV, MCH and MCHC % in all treated
groups. The effect is more serious in rats treated concomitantly with
both enrofloxacin and furosemide particularly rats in gps. 4 and 5.
The obtained biochemical findings displayed a significant increase in
serum ALT, AST, creatinine and uric acid levels in all treated groups.
The effect is more direful in enrofloxacin and furosemide treated gps
(3, 4& 5). Moreover, the obtained biochemical data evidenced a
significant increase in blood glucose level in gps. (3, 4, 5& 6).
Moreover, there were significant decreases in total protein and
albumin levels in gp. 5. The histopathological examination divulged
mild to severe hemorrhage, with necrosis in myocardium of gps (5&
6), Thickening in the pericardium with fibrinous tissues proliferation
“in gp. 5, telangiectasias in the blood sinusoids surrounded with
aggregations of inflammatory cells, in addition to, vacuolar and
_hydropic degenerations with necrosis in some of the hepatic cells of
most rats in both gps. (4& 5), severe congestion in blood sinusoids
with depletion in lymphocytes in white pulp in spleen, gps (3, 4& 5),
edema in bowman's capsule led to contraction and disappeared in the
glomeruli in kidneys in most rats of gps (4, 5& 6), additionally,
albumin casts in the lumen of collecting tubules in gps (5& 6).
Moreover, thickening and edema in the wall of blood vessels, beside
perivascular aggregation of inflammatory cells particularly in gps
(4& 3). Destruction and edema among the semineferous tubules
beside degeneration and necrosis in the spermatogonial cells in testes
in all groups, disappearance in the sperm inside semineferous tubules
gp. )
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INTRODUCTION

The fluoroquinolones are a class of compounds that comprise a
large extending group of synthetic antimicrobial agents. Structurally. all
a fluoroquinolones contain a fluorine molecule at the 6-position of basic
quinolone nucleus. Despite the basic similarity in the core structure of
these molecules, their physiochemical properties, pharmacokinetic
characters and microbial activities can vary markedly across compounds.
The first of the fluoroquinolones approved for use in animal in the late
1980 s (Martinez et al., 2006).

Enrofloxacin is a synthetic analogue of fluoroquinolones that is
markedly for use in veterinary medicine. It is rapidly bactericidal against
a broad spectrum of anaerobic bacteria, including strains that are
resistant to many other antimicrobial agents. It is also effective against
some gram positive bacteria, mycoplasma, and some rickettsial
organisms (Scheer, 1987; Vancutsem et al., 1990; Walker et al., 1992
and Elsheikh et al., 2002).

Furosemide (4-chloro-N-|2-furymethyl]-5-sulfamoylanthranilic acid)
is a rapidly acting high-ceiling diuretic, which is also known as a loop
diuretic (KirkendallandStein, 1968).

Antibiotics and diuretics are frequently used concomitantly in
animals in acute severe infection when a rapid onset of diuresis is
desired or in animal treated for edema (Fahim, 2005). The co-
administration of several drugs often results in unpredictable therapeutic
outcome. Often it is either diminished therapeutic efficacy or increased
toxicity of one or more of the administered drugs (Rahal et al., 2007).
This may be attributable to interaction that occurs within the body which

may be of pharmacokinetic or pharmaco-dynamic type. Fluoroquinolones
Kafrelsheikh Vet. Med. J. Vol. 6 No. 2 (2008)
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have various kinds of adverse reactions and drug-drug interactions which
represented by gastrointestinal disturbances such as nausea, vomiting
and diarrhea (Martinez et al., 2006). As Furosemide, was known to alter
the kinetics of some new fluoroquinolones, decreasing the total and renal
excretion of lomefloxacin in man (Sudoh et al., 1994).

Therefore, the objective of the present study was to investigate the
adverse effects of Enrofloxacin with furosemide-treated rats by determi-
nation of some hematological and biochemical parameters as well as the

histdpathological profile of some of internal organs.

MATERIAL AND METHODS
A) Drugs:-

1- Enrofloxacin: Enrofloxacin (Spectramam-Vet)®, injectable 10%
solution. Amoun Pharmaceutical Industries Co., El-salam city, Cairo,
Egypt. Enrofloxacin was administered i.m. in a dose of 10 mg kg™
(Amer and El-Shaieb, 1998).

2- Furosemide: (Lasix) ®, Hoochest AG., Frankfurt, Germany. Lasix
was administered i.m. in a dose of 20 mg kg (Briukhanov et al.,
2007).

B) Animals:-

Sixty mature male albino rats (Rattus norvegicus) weighing (200-
287 g) obtained from Laboratory Animal House, Faculty of Veterinary
Medicine. Zagazig University were used. The rats were kept under
hygienic conditions, housed in metal cages containing wood shavings as
bedding materials fed on balanced ration and watered ad-libitum. They
were accommodated to the laboratory conditions, 2 weeks before being
experimented.
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Experimental design were demonstrated in table (1):

The rats in all experimental groups were monitored daily }’or
clinical signs. At the 2™ and 9" day post-cessation of treatment, 5 rats
from each group were sacrificed. Two blood samples were collected
from each animal. one received in test tubes containing EDTA as
anticoagulant (for hematological studies), and the other one was
centrifuged at 3000 rpm for 15 minutes without any anticoagulant (for
serum collection) for biochemical analysis, the serum was collected and
kept frozen. After collection of blood samples, the rats were dissected
and samples from heart, kidney, liver, lung, spleen and testes were
obtained for histopathological examination

Table(1): the experimental design.

Drugs dosage and period of treatment

No. of Time of blood
. ide (2
Groups|| animal / Enrofioxacin ( 10 mg / kg) per day| Furosemide ( 20 mg / kg) per day sampling and

group 1" 2 3 | 4" 5 1™ | 2 | 3 ] 4® 5 scarification

day | day | day | day | day | day | day | day | day | day

1 10 »
;.u.

2 10 + + + + + - - =3
= § &

3 10 + + + + + + T <
® 4 =

4 10 + + + + + + + -i: S é

5 10 + + + + + + + + £ é’_

6 10 - - + + + <

N.B. furosemide was injected one hour just prior to enrofloxacin injection.
C) Analysis:
1- Biochemical analysis:

Serum samples were used for determination of total proteins (King
and wooton, 1982). albumin (Gassbaro et al., 1972), glucose (Trinder,
1969), uric acid (Henry et al., 1974), creatinine (Young et al., 1975),

GPT [ALT] and GOT [AST] (Reitman and Frankel, 1957).
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2- Hematological analysis:

The hematological parameters (RBCS\. and WBCs counts, Hb
(hemoglobin) % and PCV (packed cell volume) %) were determined

according to (Dacie and Lewis, 1994). Blood indices were calculated
using these equations;

- Mean cell volume (MCV)=PCV % /(RBCs X 106) X 100 f
- Mean cell hemoglobin (MCH) = Hb (gm/dl) / RBCs X 106X 10 pg/cell

- Mean cell hemoglobin concentration (MCHC) = Hb (gm/dl) /
PCV% X 160 gm/dl

3- Histopathological technique:

Specimens from the internal organs mainly liver, kidneys, heart,
spleen and testicles were taken and fixed in 10% buffered formalin.
Fixed tissues were processed by routine histopathological procedures,
and embedded in paraffin wax. Tissue sections were stained with H&E
and examined under the light microscope (Bancroft et al., 1990).

4- Statistical analysis:

The results were reported as the mean + S.E., and statistical
significance was determined using analysis of variance according to
(Snedcor and Cochran, 1982). Means were compared by least

significance difference (LSD) test 0.5 significance level (Sreel and
Torrie, 1980).

RESULTS AND DISCUSSION
Hematological findings:-

The results obtained regarding the effect of Enrofloxacin and/or

Furosemide on hemogram and blood indices of treated rats are
summarized in table (2 & 3).
Kafrelsheikh Vet. Med. J. Vol. 6 No. 2 (2008)
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It was clarified that, the rats in the gp.2, which treated with
enrofloxacin alone for 5 days, evoked a significant decrease (p < 0.05) in
erythrocytic count at 2™ (d. p.c) hemoglobin concentration (Hb %),
packed cell volume (PCV %), at 2™ & 9™ (d p.c.) and MCH % at 2" &

9" (d p.c.), MCHC% at 9* (d p.c.) and MCV at 2™ (d p.c.) compared
with the control.

The rats in the gp.3, which treated with combination of
enrofloxacin for 5 days and furosemide for one day, revealed significant
decrease (p < 0.05) in RBCs count, Hb %, PCV%, MCV, MCH %. at ond
& 9" (d p.c.) and MCHC at 9t (d p.c.) compared with the control.
Meanwhile, non significant changes were detected in RBCs count,
PCV% & MCH% at 2™ (d p.c.) and MCHC % at 2nd & 9™ (d p.c.)
compared with gp.2.

The rats in the gp.4, which treated with combination of
enrofloxacin for 5 days and furosemide for two days(1® and 3" day),
showed a significant decrease (p < 0.05) in RBCs count, Hb %, PCV %,
MCV, MCH at 2™ & 9" (d p.c.) compared with the control. Whereas,
compared with gp.2, RBCs count, Hb % and PCV % were significantly
(p < 0.05) decreasedl at 2" & 9™ (d p.c.).

The rats in the gp.5, which treated with combination of
enrofloxacin for 3 days and furosemide for three days, displaved a
significant decrease (p < 0.05) in RBCs count, Hb %, PCV % and MCH
% at 2" & 9" (d p.c.) compared with both the control and gp.2. -

The rats in the gp.6, which treated with furosemide alone for 3
days, divulged a significant decrease (p < 0.05) in RBCs count. Hb %,
PCV %. MCV and MCH % at 2™ & 9" (d p.c.) compared with the
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control. In contrast, this group showed a non significant change in RBCs
count, Hb %, MCV and MCH %, at 2" & 9" (d p.c.) compared with
gps.(3, 4& 5). Moreover, it provoked non significant change in Hb % and
PCV %, at 9" (d p.c.) compared with gps (4&3) respectively.

Analysis of hematological parameters can be beneficial in assessing
animal health, as the hemogram and blood indices reflect the statement
of the anmimal. Generally, it was found that, enrofloxacin and/or
furosemide significantly causes a reduction in RBCs count, Hb level of
treated rats, this reduction is more pronounced in groups (3, 4&5). The
anemia induced might be due to inhibition of hemopoiesis, which
confirmed by depletion in the lymphocytes in spleen in gps (3, 4& 5).
Our results were in accordance with (Amer and EL-Shaieb, 1998) who
mentioned that, i.m. injection of rabbits with enrofloxacin at a dose level
of 10 mg kg for 5 successive days induced a significant (p < 0.05)
decrease in erythrocytic count, Hb concentration, PCV %, MCV and
MCH %. Moreover, the distirbance in hemogram and hematological
indices might be due to disturbance in composition of body fluids
(Altreuther, 1987) or due to disturbance in electrolyte balance induced
by excessive vomition and diarrhea (Halkin, 1988 and John, 1991).
Unfortunately, our data cannot provide us with a ready explanation for
furosemide induced anemia in group 6. It is worthwhile to contemplate
proposals that enlighten us with a proper explanation. The anemia may
be duc to alteration of hemopoiesis as a result of hepatic pathological
lesion. or- might be due to reduction in bile salts in the small intestine

since bile acids are necessary for reduction of ferric ions to ferrous easily
absorbed (Kaneko et al., 1997).
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In the glow of the previous explanations, one could attribute this
furosemide induced anemia to inhibition of hemopoiesis caused by
hepatic lesions. This suggestion confirmed by the degenerative changes
in the hepatic cells in the present study. Our findings fit in with those
reported by (Sanofi-Aventis, 2007) who recorded that anemia, thrombo-
cytopenia as well as agranulocytosis, aplastic and hemolytic anemias
may be occurred as adverse effects accompanied the use of furosemide.
Concern regarding anemia induced by concurrent use of both enrofloxacin
and furosemide (gp. 3, 4 and 5), undoubtedly, our obtained findings
provide us with a ready explanation and needless to say this could be

attributable to augmenting effect of both drugs which become greatest in
gps 4 and 5.

Biochemical findings:-

The results concerning tested serum parameters are presented in
tables (4 and 5).

It was cleared that im. injection of rats at a dose level of
Enrofloxacin 10 mg kg daily for 5 successive davs divulged a
significant (p < 0.05) increase in serum ALT, AST and creatinine at o
and 9" (d p.c.) and uric acid at 2™ p.c.), meanwhile, non significant
changes were evident in total protein, albumin, globulin and glucose at
2" and 9" (d p.c.) and uric acid at 9" (d p.c.). Increase in serum ALT and
AST activities depending on hepatocellular damage (San Martin-Nune:
et al, 1988). Our findings seem conceivable to be attributed o
disturbances liver functions resulted from the use of the drug. These
results coincide with those previously recorded by (Gellert et al., 1981

and Hillel, 1988) who stated that administration of enrofloxacin to rats at

therapeutic dose resulted in an increase in liver enzymes. The results are
Kafrelsheikh Vet. Med. J. Vol. 6 No. 2 (2008)
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also consistent with those obtained by Kobayashi (1985) who noted that,
there were mild and reversible elevations in serum AST and ALT.
Additionally, our results are confirmed by Helal et al.,(1995); Ibrahim
(1995); Ramadan (1996); Khodary and El-Sayed (1997); Abd El-Alim
et al., (2000) and Rasha (2008). Moreover, these results were supported
by the histopathological studies of hepatic tissues of treated rats which

revealed degenerative changes in the hepatic cells and acute toxic
hepatitis. The significant (p < 0.05) increase in creatinine and uric acid
seen conceivable to be attributed to disturbances in kidneys functions as

a result of glomerular damage caused by direct effect of enrofloxacin or
its metabolite on kidney.

This explanation confirmed by the obtained histopathological
alterations in the kidneys in this study. These results are in accordance
with Khodary and El-Sayed, (1997), they reported that enrofloxacin
induced a significant increase in creatinine and uric acid in ducklings.
Also, the results are in agreement with Abd El-Alim et al.,(2000) who
reported that, ofloxacin administration to chickens at a dose level of 50
and 100 mg / liter or drinking water evoked a significant increase in
serum creatinine and uric acid levels. More recently these findings are fit
in with those reported by Rasha (2008) who noticed that Enrofloxacin
treated chicks showed a significant increase in serum uric acid allover
the experiment. The non significant change in serum total proteins,
albumin, globulins seem to coincide with (Amer and EL-Shaieb, 1998);
Elen (1999); Abd El-Alim et al.,(2000) and Uyanik et al.,(2000). »

Rats treated with Furosemid (gp. 6), displayed a significant (p <
0.05) increase in serum ALT, AST and ¢reatinine levels at 2°' and 9" d

p.c. and uric acid at 2™ d p.c.. These data seem to be attributable to
Kafrelsheikh Vet. Med. J. Vol. 6 No. 2 (2008)
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disturbances in both liver and kidneys functions owing to the use of
Furosemide. The levels‘of serum ALT, AST increased following liver
damage (Doxy, 1971), accordingly this findings might be attributed to
- damage of hepatic cells by direct effect of the drug or its metabolites
resulting in escape of these enzymes into the plasma. This suggestion
was supported by the obtained results of histopathological examination
of hepatic tissues of treated rats which revealed hepatic damage and toxic
hepatitis. Furthermore, this suggestion was confirmed by Butler et al.,
(2006) and Daniel et al., (2007) they identified a novel cytochrome p
450 dependent metabolic pathway in vivo for Furosemide with the
formation of chemically reactive cytotoxic metabolite (7- ketocarboxylic
acid) via furan epioxidation resulting in cytotoxic effect in both rat and
mouth hepatocytes. Moreover these findings come in agreement with
Sanofi-Aventis, (2007) who reported increase in liver transaminases
associated with Furosemide treatment.

Regarding the significance increase in creatinine and uric acid
levels as a result of a Furosemide treatmen, these results appeared to be
attributed to disturbances in the kidney functions. Such findings were
supported by the histopathological studies of kidney tissues of treated
rats which revealed renal damage detected by a casts in the distal tubules.
These results were compatible with those recorded by Hori et al., (2000)
they stated that, rats treated with Furosemide elicited an elevation in
creatinine and blood urea nitrogen which associated with degeneration in
proximal convoluted tubules. Moreover, similar findings were recorded
by Sanofi-Aventis, (2007), who reported a transient increase in serum

creatinine and uric acid levels during Furosemide treatment.
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Rats treated with Furosemide elicited a significant (p < 0.05)
increase in blood glucose level at 2™ and 9" (d p.c.) as compared with
control and other compared groups. Our data are in harmony with that
presented by Dimitriadis et al., (1988) and Dimitriadis et al., (1998) they
concluded that prolonged administration of furosemide in vivo, can lead
to progressive accumulation of the drug in skeletal muscle which
quantitatively most important for glucose disposal in response to insulin
in this tissue, furosemide impairs the sensitivity of glucose utilization to

insulin in skeletal muscle by directly inhibiting the glucose transport
process.

Rats in gp. (3) elicited a significant (p < 0.05) increase in serum
ALT, AST and creatinine at 2™ and 9" (d p.c.) and uric acid at 2™ (d
p.c.) as compared with control group. On the other side. there were non
significant changes in serum ALT and AST at 2™ d p.c., uric acid and
blood glucose levels at 9™ (d p.c.), beside a significant (p < 0.05)
increase in creatinine at 2 and 9™ (d p.c.), uric acid and blood glucose
levels at 2™ (d p.c.) as compared with gp. (2), but in comparison with gp.
(6), significant (p < 0.05) increase in serum ALT, AST and creatinine
levels at 2" and 9™ (d p.c.) were detected.

Rats in gp. (4) evoked a significant (p < 0.05) increase in serum
ALT. AST, creatinine, uric acid and blood glucose levels at 2" and 9" (d
p.c.). as compared with gps (1, 2& 6).

Rats in gp. (5) provoked a significant (p < 0.05) increase in serum
ALT. AST, creatinine and uric acid levels at 2™ and 9" (d p.c.) as
compared with gps (1, 2& 6). In contrast, there was a significant (p <

0.05) decrease in total protein and albumin as compared with control and

all other treated groups. Concern regarding the obtained results with gps
Kafrelsheikh Vet. Med. J. Vol. 6 No. 2 (2008)
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(3, 4& 5), there were no available literatures explain the therapeutic
outcome of concurrent use of both enroﬂoxacin\ and furosemide but,
undoubtedly, the co-administration of several drugs often results in
unpredictable therapeutic outcome, often it is either diminished
therapeutic efficacy or increased toxicity of one of the administrated
drugs (Rahal et al., 2007). This may be attributable to interactions that
occur within the body which might be of pharmacokinetic or
pharmacodynamic type. Furosemide was known to alter kinetics of some
new fluoroquinolones_ decreasing the total and renal excretion of
lomefloxacin in man (Sudoh et al., 1994) and difloxacin in goat
(Fahim, 2005) accordingly this prolonging the duration of action and

consequently increasing the incidence of more averse effects.

In the glow of the previous notion, one could attribute such
obtained data to augmented effect of both drugs or might be owing to

delayed renal excretion with consequent prolonged duration and more
adverse effects.

Histopathological findings:-

All treated groups showed emaciation except those in the gp. (2)
were apparently normal. Enlargement in the internal organs (mainly
spleen. liver and heart) with dark in the color were evident in the
sacrificed rats. gps (4, 5& 6), at 2™ & 9" (d p.c.), meanwhile no signs
were recorded in the kidneys and testicles in all groups. No obvious

lesions were detected in scarified rats in gps (2 & 3).

In histopathological observations, the heart in gps (5& 6) showed
mild to severe hemorrhage (Fig.l), with necrosis and destruction in

myocardium, at 2™ & 9™ (d p.c.) Thickening in the pericardium with
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fibrinous tissues proliferation were detected in gp. 5, at 9" (d p.c.)
(Fig.2). Liver of most rats in both gps. (4& 5) at 2™ & 9™ (d p.c)
displayed a telangectiasis in the blood sinusoids surrounded with
aggregations of inflammatory cells, in addition to, vacuolar and hydropic
degenerations with necrosis and destruction in some of the hepatic cells
(F1g.3). Spleen displayed severe congestion in blood sinusoids with
depletion in lymphocytes in white pulp, gps (3, 4& 5), at 9" (d p.c.)
(Fig.4). Kidneys in most rats of gps (4, 5& 6) at 9% (d p.c.) suffered from
edema in bowman's space led to contraction and disappeared in the
glomeruli (Fig.5). The kidneys showed albumin casts in the lumen of
collecting tubules in the medulla, gps (5& 6), at 9" (d p.c.) (Fig. 6).
Otherwise, thickening and edema were showed in the wall of blood
vessels, beside perivascular aggregation of inflammatory cells
particularly in gps (4& 5) at 9 (d p.c.) (Fig. 7). Testes in most groups
displayed destruction and edema in semineferous tubules. Among the
semineferous tubules showed edema beside degeneration and necrosis in
the spermatogenesis in the rats in all groups at 2" and 9" (d p.c.) (Fig.8),
while gp. (5) noted disappeared in the sperm inside semineferous tubules.
No distinctive pathological changes showed in gp.2 at 2" (d p.c.),
whereas, slightly degenerative changes showed in liver, spleen and

kidneys of the same groups at 9" day post-cessation of treatment.

Histopathological examination revealed many pathological changes
especially in liver and kidney (as the liver is the main organ of
detoxication, while kidney is the main organ of excre’tioﬁ) which reflects
the adverse effects of enrofloxacin and /or furosemide in treated rats.

This_may be attributable to_interactions that occur within the body which
Kafrelsheikh Vet. Med. J. Vol. 6 No. 2 (2008)
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might be of pharmacokinetic or pharmacodynamic type. Furosemide was
known to alter kinetics of some new fluoroquinolones decreasing the
total and renal excretion of lomefloxacin in man (Sudoh et al., 1994) and
difloxacin in goat (Fahim, 2005) accordingly furosemide may prolong
duration of action of enrofloxacin, besides, quinolones were found able
to induce singlet oxygen and superoxide anion that able to induce
cellular DNA damage (Abd-Allah et al., 2000b) and so degenerative
changes and necrosis . The precence of numerous lymphocytes in hepatic
and renal parenchymae comes in agreement with, (4mer and EL-Shaieb,
1998) who stated that enrofloxacin administration to rabbits displayed
aggregation of leucocytes mainly lymphocytes and macrophages replaced
the necrotic hepatocytes, and (Anon, 2006) who stated Nephropathy is
reported most commonly with ciprofloxacin (most common metabolite
of enrofloxacin) This fluoroquinolone has been implicated in several
cases of interstitial nephritis and it is unlikely that other nephropathologic
changes will occur with preexisting decreased renal function (diuretic
effect of furosemide).

The obtained pathological lesions of examined heart and spleen
confirmed with (Amer and EL-Shaieb, 1998) who recorded depletion of
lymphocytes from the white pulp in spleen, and extravasated blood

among cardiac muscles in enrofloxacin treated rabbits.

Degenerative and necrotic changes among the semineferous tubules
beside disappearance in the sperm inside semineferous tubules in all
groups may be attributed to cellular DNA damage as discussed by (Abd-
Allah et al., 2000b). these findings confirmed by (4bd-Allah er al.,
2000a; Abd-Allah et al., 2000b; Demir et al., 2006 and Aral et al.,

2008) who stated degeneration of seminiferous tubules, incomplete
Kafrelsheikh Vet. Med. J. Vol. 6 No. 2 (2008)
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spermatogenesis and severe decrease in the concentration of sperms in

seminiferous tubules up to necrobiotic changes in spermatogonial cells in

rats treated with different fluoruquinolones.

Finally, pathologica! changes in livers and kidneys of furosemide
treated rats were attributed to chemically reactive cytotoxic metabolite
(7- ketocarboxylic acid) Butler et al., (2006) and Daniel et al., (2007).

Table (2): Hemogram and blood indices of rats treated with enrofloxacin (10

mg kg'') and / or fruosemide (20 mg kg') at the 2" day post
treatment. (X £ S.E.)

(n=5).

Groups
gp:1 gp:2 gp:3 gp:4 gp:s gp:6

parameters

[ WBCs (1074l 7.25+0.140° | 7320135 |[ 7.22+0.024" |[ 7.13:0.74° 728+0.70° |[ 7.1720612°
[ RBCs (10%ul) || 6.8+0.250° | 6.45+0.005° | 6.21+0.154 5.21+0.154 || 5.46+0.271° |{ 5.40+0.201°
[ Hb(dd [13.67+0.076" | 10.85+0.157° |[ 10.54 £0.094° || 10.1 + 0.045° 10.07 £0.30° | 10.08 + 0.063"
[ PCV (%) 38.89 +1.65* |33.05+0251™ || 33.12 221" |[ 28.68 +0.843° [[31.22 +0.725* || 28.75 + 1 85°
[ MCV(um) 57.15+0.224* |[ 51.55+0.201" |[ 52.02 +0.654 552+ 1.57° | 53.51+03832% |[ 53.91 £ 1.07°
[ "MCH (pg) 20.10 £ 0.636" ]| 16.83 £0.255° || 16.66 =0.188° }| 18.8+0080° || 18.53 +0.503" || 18.65+ 0.603"
[ MCHC (%) 3536+ 1.31' || 3244 20.496" || 33.55+ 1.82" |[ 3535+ 1.19" |[ 32.13£0.241° |[ 32.23 + 0.422°

Means in the same rows bearing different letters superscripts differ significantly (p<0.05).

Table (3): Hemogram and blood indices of rats treated with enrofloxacin (10

mg kg') and / or fruosemide (20 mg kg') at the 9™ day post

treatment. (X £ S.E.)) (n=5)
F- groups
gp:1 gp:2 gp:3 gp:4 gp: 5 gp: 6
parameters

[ wnCsotay | 715 02 | 724=0075 |[ 716+0179° || 706=0209" || 71420104 |[ 726+ 010°
RBCs (10 | 711 0189" | 640 -0069° [ 628=00n" [ 580-0022% |[ 58220022 [ 570+ 0.057
Hb (g dh) [ 13985 0.201" |[ 1175 £0.186" |[ 11.23%0022° || 11.14 = 0.045 || 10.12 20 078 || 10.26 + 0.107°
PCV (%) | 3789« 146" | 33.36 = 0392" |[ 31.79 £ 0.264° || 30.20 £ 0.173% | 30.23 = 0 056" || 29.45 + 0.201*"

MCV (um’) 5271+ 098" |[52.20+0084™ || 50.70 + 0.313° [ 52.07 £0.099" || 513520 157 || 48.80 + 171"
MCH (pg) 19.75 £ 040° || 18.390.487° || 17.90 = 0.006° || 19.21 =0.003" || 17.39 +0 070° || 17.99  0.047°
MCHC (%) 37.53+1.03" [ 3465 1.19° | 35.33£0.221° |[ 3691 0.224" | 3348+ 0.198 || 34.84 x0.128°

Neans in the same rows bearing different letters superscripts differ significantly (p<0 05).
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Table (4): Biochemical changes in serum of rats treated with enrofloxacin (10

. - . - d
mg kg™) and / or fruosemide (20 mg kg') at the 2" day post
treatment. (X = S.E.) (n=95)
I~
gp:l gp:2 gp:3 gp: 4 gp:3 gp: 6
parameters L
ALT (/) 23 42075 64.0 +1.79° 644262 || 109.6=163 J{ 1098+1.32° {l 482-::"
AST (/) 378=074° 159.2£597 ¢ 161.0 = 8.05° 233.0 = 5.39" 2486 +2.11° 748 =1 "4

Total protein (g/1) 715=0.15" 7.10 £ 0.09" 7.03 + 0.224° 7.0t = 0.06° 6.36 £ 0.09" 6.99 = ¢ 03
Albumin (g/dl) 447 20.124" §| 441 £0051° fl 440+0.043" } 4.37 = 0.04}" 4.06 + 0.05° 444 =0 14§’

Globulin (g/d}) 268 =0.064° || 2.69+0.130° || 2.63£0.260° [ 2.64 =0.064° || 2.30£0.088 | 255=v "
Glucose (mg/dl) 96.40 =2.41° || 95.60 +1.69° | 107.00 +2.24° {| 115.00 = 2.35° || 148.00 +2.37° || 152.00 = 2 24°
Creatinine (mg/dl) || 0.es =004 | 11520000 || 25200315 || 2790027 || 4.142020" || 1.54 =08

g

Uric acid (mg/dl) 588 =0.133° 6.86 +0.16 7250618 || 7910261 || 8.47+0.082° |} 720 =0 357

Means in the same rows bearing different letters superscripts differ significantly (p<0.05).

Table (5): Biochemical changes in serum of rats treated with enrofloxacin (10
mg kg™") and / or fruosemide (20 mg kg') at the 9™ dav post
cessation of treatment. (X £ S.E.)) (n=5)

r groups
ep:1 gp:2 gp:3 gp: 4 gp:5 ep: 6
Parameters
ALT ( iul) 24 2020710 47.00 £1.23¢ 58 = 1.38° 8420 = 220" || 10800 £2.55° f) 3340 - 20t
AST (/b T2z 0860" ) 496023704 I 762021 78 8062453 W11720= 1390 4140wy 1
[ |- ]
| Total protemn (2.} TITO0N3 f 72t =047 ff 70120492 J| 71320067 || 704202910 ) 745 =0 II7F
Alburmin (g/dD) 437 - 0.062° 442 :0.102° 4.40 = 0.404" 436 : 0.022° 4.12 = 0403 443 210 1F7F
Globulin (g/dl) 180200320 ) 27920202 | 27120636 277 2009 29201122 || 272 = . 13ef
Glucose (mg/dl) 9c "= 05274} 97,002 1.87¢ | 95802 259% {1 10400 = 5.10° Y 107.00 = 447 ) 11300 2 e
—
Creatinine (mg/dh 0c"4=0035 || 079+0016° 1.2910.|28‘> 218 :0.113" 364007 | 117 = 46
Uric acid (rﬁg;’dl) S83=0 11 5.55+0.13% 5.66 1+ 0. 401" 6.48 = 0.139" 6.87 +0.262° 570 =0 123
Means in the same rows beanng different letters superscripts differ sigmificantly (p<0.05).
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Fig. (1): Heart in gp. (5), 2 d p.c., showing severe hemorrhage with necrosis
and destruction in the myocardium. (H&E., X 150)

Fig. (2): Heart in gp. (5), 9 d p.c., showing thickening in the pericardium with
fibrous tissues proliferation. (H&E.. X 300)

Fig. (3): Liver in gp. (6), 9 d p.c., showing telangectiasis in the blood sinusoids
surrounded with aggregations of inflammatory cells, besides,
vacuolar and hydropic degeneration and necrosis in some of the
hepatic cells (H&E., X 300)

Fig. (4): Spleen in gp. (4), 9 d p.c. showing severe congestion in the blood
sinusoids with depletion in the lymphocytes in white pulp. (H&E., X
150).
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Fi

(5): Kidneys in gp. (4), 9 d p.c. showing edema in the bowman’s space
with contraction and disappeared in the glomeruli. (H&E., X 300)

ae

Fig. (6): Kidneys in gp. (6), 9 d p.c. showing albumin casts inside the lumen of

the collecting tubules. (H&E., X 300)

ae

Fig. (7): Kidneys in gp. (5), 9 d p.c. showing thickening and edema in the wall
of the blood wvessels, surrounded with aggregations of the
inflammatory cells.  (H&E., X 300)

Fi

ae

. (8): Testis in gp. (3), 9 d p.c. showing destruction and edema in the
semineferous tubules, beside degeneration and necrosis in the
spermatogenesis. (H&E., X 600)
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