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Abstract

Purpose: The recent ceftriaxone-induced anaemia and mortalities at the dose of 50 mg/kg in Veterinary
Teaching Hospital, University of Nigeria prompted this study which sought to assess the clinico-
toxicological effects of ceftriaxone (CFZ) after intramuscular administration of graded doses in Basenji
dogs.

Methods: The effects of CFZ on the haematological indices, physiological parameters, liver and kidney
functions were assessed in 4 group of dogs (n = 4) designated A — D. They were given CFZ
intramuscularly for 21 days at doses of 12, 25 and 50 mg/kg for groups A, B, C, respectively, while the
control (group D) received the diluent (lignocaine 0.2 mL)

Results: The mean pulse and heart rate of dogs in group C were significantly (p < 0.05) higher than
those of group A, B and D. Significant (p < 0.05) decrease in red blood cell count (RBC), haemoglobin
concentration (Hb) and packed cell volume (PCV) was observed in group C on days 7 and 14, while on
day 21, these parameters were significantly (p < 0.05) higher in group D than in the treated groups. On
day 14 of CFZ administration, the alanine transaminase (ALT), aspartate aminotransferase (AST) and
alkaline phosphatase (ALP) activities of dogs in group C was significantly (p < 0.05) elevated than the
control group.

Conclusion: These findings suggest that CFZ, at the doses of 12.5 - 25 mg/kg, appears safe in dogs as
most of the adverse effects observed are reversed following the withdrawal of the drug on day 28.
However, CFZ at 50 mg/kg causes anaemia, tachycardia and bilateral paralysis of the hind limbs which
did not revert to normal after one week; hence, it is not recommended for use in dogs at this dose.
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INTRODUCTION the cephalosporins are one of the most important

group that has been put into use because of
Antimicrobial agents have several groups that their broad-spectrum efficacy in the management
are used in medicine and amongst all of them, of infections caused by most Gram-negative and
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Gram-positive bacteria [1]. The Ceftriaxone
(CFZ) sodium sub-group of cephalosporins is a
semi-synthetic third generation cephalosporin
which has activity in the presence of some beta-
lactamases of Gram-negative and Gram-
positive bacteria. The drug has been used in the
treatment of severe bacterial infections including
meningitis, syphilis, late-stage leptospirosis,
acute bacterial otitis, osteomyelitis, respiratory
and urinary tract infections [2].

Although CFZ is a drug of extreme importance, it
has its own down side as some adverse
reactions have been tied to its use especially
when taken daily for 7 days and beyond. CFZ
has been shown to be the second most common
drug that causes drug induced immune
haemolytic anaemia which is highly fatal in
children [3]. It has also been reported to have
induced acute hepatitis, hepatocellular injuries,
autoimmune hemolytic anemia, and
erythroblastocytopenia in an 80-year-old patient
shortly after taking the drug [4]. Other reported
adverse effect in humans include; local reactions
like pain, induration and tenderness at the site of
injection; other haematologic effects such as
eosinophilia, thrombocytosis, leucopenia,
neutropenia, lymphopenia, thrombocytopenia
and prolonged prothrombin time [5].

Generally, cephalosporins is used in veterinary
medicine because of its bactericidal activity
against both Gram-positive and Gram-negative
bacteria of clinical importance. In Veterinary
medicine, CFZ has been used as extra-label
drug in the treatment of different animal bacterial
diseases  such as mastitis in COWS,
staphylococcal endocartitis and lower urinary
tract infection in dogs amongst others [6]. There
is no veterinary preparation of the drug which
has led to a number of studies on the efficacy of
CFZ in veterinary medicine [6]. As an extra-label
drug, the accurate adverse effect profile has not
been determined. With the development of
antimicrobial resistance in frequently used
antibiotics, efforts have been made by veterinary
clinicians to use extra labeled antibiotics.
Recently, two exotic dogs brought to the
University of Nigeria, Nsukka Veterinary
Teaching Hospital died shortly after IM
administration of 50 mg/kg CFZ with obvert signs
of anaemia. Therefore, it became imperative to
evaluate the clinico-toxicological effects of CFZ.

EXPERIMENTAL
Ethical consideration

The protocol for this study was approved by
Experimental Animal Ethics Committee of the

Faculty of Veterinary Medicine, University of
Nigeria, Nsukka (approval no.
UNFVM/11/17/009) and in compliance with the
protocol of National Institute of Health (NIH)
guidelines [7].

Animals

Sixteen (16) clinically healthy female dogs
between the ages of 12 to 14 months were used
for the study. The dogs were housed individually
in metal cages in the Department of Veterinary
Medicine, University of Nigeria, Nsukka, Nigeria
in a fly-proof dog kennel. The dogs were fed with
standard pelletized dried dog food (Diamond Pet
Foods®, USA) twice daily and tap water was
provided ad libitum throughout the period of the
study. During the 3 weeks acclimatization period,
the dogs were de-wormed using Wormrid®
(combination of febentel, pyrantel palmoate and
praziquantel) and vaccinated against rabies and
DHLPP (distemper, parvoviral enteritis,
parainfluenza, infectious canine hepatitis and
leptospirosis polyvalent vaccine) (Bioveta, Czech
Republic) and then screened for haemoparasites
before the commencement of the experiment.

Drugs

Rocephin® (Roche Ltd, Switzerland) containing
CFZ sodium (1g per vial) was procured from a
registered pharmaceutical premise in Nigeria.
For intramuscular injection, 3.5 ml of lignocaine
hydrochloride was included in each vial as
reconstituting solvent.

Experimental design

The CFZ doses were as reported by Eke et al [8].
The dogs were assigned to 4 groups A -D.
Groups A - C were administered 12.5, 25 and 50
mg/kg, CFZ respectively while group D was
administered 0.2 mL of diluent (lignocaine). CFZ
was given to all the experimental groups
intramuscularly once daily for 21 days.

The parameters assessed were clinical signs,
change in body weight (Bwt), heart rate (HR),
pulse rate (PR) and respiratory rate (RR), packed
cell volume (PCV), haemoglobin concentration
(HbC), red blood count (RBC), total white blood
cell counts(TWBC), differential white blood cell
counts (DWBC), alanine aminotransaminase
(ALT), alkaline phosphatase (ALP) and aspartate
aminotransaminase (AST), and serum levels of
total and direct bilirubin, total protein, albumin,
globulin, blood urea nitrogen (BUN), creatinine
and uric acid levels.
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Blood sample collection

Following drug administration, blood samples
were collected on days 7, 14, 21 and on day 28.
Four millilitres (4 mL) of blood were collected
from each dog through the cephalic vein using a
21-guage needle. One millilitre (1 mL) of the
blood was then added into pre-labelled sample
bottle containing Ethylene diamine tetra acetic
acid (EDTA) and then rocked gently to ensure
proper mixture of blood with the anticoagulant for
haematological analysis. The remaining 3 mL of
blood were allowed to clot and centrifuged at
1,500 rpm for 15 min to harvest the serum. The
sera were stored frozen until required for
analyses.

Recording of physiologic parameters

The body weights of the dogs were determined
using a weighing balance. The temperature,
respiratory, heart and pulse rates were monitored
and recorded using Veterinary Mutiparameter
monitor (Technocare medisystem, Surat, India)
on days 7, 14, 21 and 28 of ceftriaxone
administration. Pulse and heart rates were
measured before and within 1 to 5 min after
ceftriaxone administration. At the time of
recording, all the dogs were restrained manually
and maintained at standing position throughout
the recording.

Determination of haematological parameters

The red blood cells (RBC), packed cell volume
(PCV) and haemoglobin (Hb) concentration were
determined using a haemocytometer [9],
microhaematocrit methods [9] and
cyanomethaemoglobin method [10] using SP6-
500 UV spectrophotometer (PYE UNICAM,
England), respectively. TWBC was performed
manually using the improved Neubauer
haemocytometer method [9].

Evaluation of biochemical parameters

The analysis of serum levels of alanine
aminotransaminase (ALT), alkaline phosphatase
(ALP) & aspartate aminotransaminase (AST),
and serum levels of total and direct bilirubin, total
protein, albumin and globulin, blood urea
nitrogen (BUN), Creatinine and uric acid were
performed using their specific commercial kits
(Dialab, Wiener Neudorf, Austria), following the
manufacturer’s instructions. The absorbance of
each parameter analyzed was determined using
a spectrophotometer (SP6-500UV spectrophoto-

meter (PYE UNICAM, England) at their specific
wavelength.

Statistical analysis

Data obtained are presented as Means + SEM
and were subjected to Two Way Analysis of
Variance (ANOVA) using Graphpad Prism
statistical software Version 5.02 [La Jolla,
California, USA, (www.graphpad.com)]. Variant
means were separated using Bonferroni's
multiple comparison tests. The alpha value of
significance was set at the probability level of <
0.05.

RESULTS

The side effects CFZ in dogs observed in this
study includes; local pain at site of injection, pale
mucous membrane, mucopurulent  eye
discharge, diarrhea, bilateral paralysis of the hind
limb, dark brown-coloured urine and loss of hair.
These untoward effects were only seen in group
C (50 mg/kg) except loss of hair and pain at the
site of injection which were also observed in
groups A and B by the second week of CFZ
administration.

Heart and pulse rates

Following CFZ administration, a spike was
observed in the values of pulse and heart rates
within the first five minutes in all the groups
receiving the drug after which they returned to
normal after one hour. The mean pulse and heart
rates of dogs in group C were significantly (p <
0.05) higher than those of dogs in group A, B and
D, as shown in Figure 1, and this trend was
observed throughout the experimental period.

Hematology

The mean values of RBC, PCV and HB
concentration of dogs in group C (50 mg/kg) was
significantly (p < 0.05) decreased compared to
groups A (12.5 mg/kg), B (25 mg/kg) and the
control group D on day 7 and 14 as shown in
Table 1. On day 21, dogs in group D had
significantly (p < 0.05) higher red blood cell count
than groups A, B and C. A significant (p < 0.05)
decrease in the mean RBC values of dogs in
group C was observed on day 28 (1 week after
withdrawal of ceftriaxone).

Total and differential white blood cell count

Following CFZ administration, there was a
significant (p < 0.05) decrease in the mean
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Figure 1: Effect of ceftriaxone on pulse and heart rates of dogs. *significance

Table 1: Effects of ceftriaxone administration on the RBC, PCV and Hb concentration of dogs

Parameter

Days of ceftriaxone administration

7

14

21

28

RBC (x 10° /ul)
A

6.565+0.7492

5.220+0.1892

B 6.781+1.2622 5.358+0.7392
C 4.033+0.243° 3.980+0.330°
D 6.090+0.1312 6.213+0.0932
PCV (%)

A 42.00+3.242 43.00+2.242
B 44.25+3.242 42.88+2.952
C 31.67+3.71° 29.50+2.78°
D 47.67+0.882 48.05+0.88?
Hb conc.(g/dl)

A 16.54+1.732 17.68+1.162
B 17.52+1.452 19.81+1.502
C 12.77+0.44° 12.61+0.72°
D 18.5040.552 18.05+0.422

4.033+0.2342
3.980+0.330°
2.828+0.4212
6.240+0.728°

36.25+3.112
32.25+2.842
28.00+1.002
48.33+1.20°

13.23+£1.342
12.07+0.382
8.420+0.442
17.95+0.28°

6.695+0.4192
5.650+0.4012
2.213+1.278°
6.283+0.0442

40.25+2.502
40.50+2.402
18.67+1.06°
48.67+0.332

15.27+1.40°
13.21+1.272
7.287+1.06°
18.07+0.072

Values in the same column with different superscripts vary significantly p < 0.05; A: 12.5 mg/kg of ceftriaxone; B:
25 mg/kg of ceftriaxone; C: 50 mg/kg of ceftriaxone; D: control group

leucocytes, neutrophil and lymphocyte counts of
dogs in groups C on days 14, 21 and 28 as
shown in Table 2.

Effect of 21-day intramuscular ceftriaxone
administration on serum liver enzyme
activities in dogs

The effect of CFZ on the liver enzyme activities is
shown in Table 3. The treated groups (A, B, C)
showed significant (p < 0.05) decrease in ALT
activity compared to the control group on day 7.
However, on day 14 and 21, ALT activity of dogs
in group C was significantly (p < 0.05) higher
than those of dogs in groups A and B.

Day 28 showed, serum ALT levels significantly (p
< 0.05) higher in dogs in group A, B and C
compared to the control group D. There was a
significant (p < 0.05) elevation in the serum ALP
activity of dogs in all the treated groups on day
14 when compared to the control group.
However, by the 215t and 28™ day, the serum
ALP level was significantly (p < 0.05) lower in the
treated groups when compared to the control
group. The 25 and 50 mg/kg ceftriaxone treated
groups showed significantly (p < 0.05) elevated
activity of serun AST on days 14 to 28 when
compared to the control dogs. On day 14 of CFZ
administration, total seum protein of dogs in
group C was significantly (p < 0.05) lower than
those of group A, B and D. However, on days 21,
the total serum protein of dogs in groups A and B
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dogs
Parameter Days of ceftriaxone administration

7 14 21 28
Leucocytes (x 10%/uL)
A 21.18+0.86 21.23+0.85° 19.85+ 0.862 17.88+0.502
B 22.06 + 0.61 21.42+0.732 18.21+0.332 16.19+0.912
(o 20.00 + 0.92 14.89 + 0.06° 9.03 + 0.90° 5.19+£0.32°
D 22.23+0.28 22.30+0.902 22.09+0.572 2217 +0.292
Lymphocytes (x 102 /ul)
A 6.60 + 0.49 7.02+0.842 5.90 + 0.342 5.85+0.802
B 7.02+0.93 6.55+0.682 6.90 £ 0.192 5.43+0.252
C 7.43+0.03 3.17+£0.84° 3.37 £0.31° 1.40 £ 0.10°
D 8.17 £0.75 8.60 £ 0.442 8.63+0.372 7.86 + 0.652
Neutrophils (x 103 /ul)
A 14.60 £ 0.73 13.68 +0.162 13.23 £ 0.342 12.27+0.402
B 15.83£0.24 14.81 + 0.502 11.07 £ 0.382 11.21+0.272
C 13.60 £ 0.22 7.61+£0.72° 6.20 + 0.44° 4.287+0.06°
D 14.47 £ 0.01 13.95 + 0.422 14.95 + 0.282 14.07+0.07°2

Values on the same column with different superscripts vary significantly p < 0.05; A: 12.5 mg/kg of ceftriaxone; B:
25mg/kg of ceftriaxone; C:50mg/kg of ceftriaxone; D: control group

were significantly (p < 0.05) higher than those of
dogs in groups C and D. On days 14, 21 and 28,
the serum albumin level of dogs in group C was
significantly (p < 0.05) lower when compared to
groups A, B and D. There was a significant (p <
0.05) decrease in the serum globulin
concentration in dogs in group C on days 7 and
14 when compared to dogs in groups A, B and
the control group (group D); however, on days 21
and 28, there was a significant (p < 0.05)
increase in the serum globulin concentration of
dogs in group A when compared to control group
D. On day 7 of CFZ administration, the total
serum bilirubin of dogs in group B was
significantly (p < 0.05) higher than those in
groups A, C and D. However, days 14, 21 and
28, both total and direct bilirubin concentration in
dogs in group C were significantly (p < 0.05)
higher than those of group A, B and D.

Effects of 21 days ceftriaxone administration
on kidney functions in dog

The effects of ceftriaxone administration on
kidney function tests in dogs are shown in Table
4. On days 14 and 21, the serum creatinine and
blood urea nitrogen levels of dogs in group C
was significantly (p < 0.05) lower when
compared to other groups. However, on days 14
and 21, the serum uric acid level of dogs in group
C was significantly (p < 0.05) higher than those
of group A, B and D.

DISCUSSION

The clinic-toxicological effects of intramuscular
administration of graded doses of ceftriaxone

were investigated in normal dogs. Ceftriaxone at
50 mg/kg produced toxic effects including
diarrhea, mucopurulent eye discharge and
paralysis of the hind limb from the second week
of treatment in dogs. These side effects
observed in dogs receiving 50 mg/kg of CFZ
corroborates the findings of Eke et al [8], that the
potential for toxicity of CFZ in dogs increases as
the dose increases. The pale mucous membrane
observed in this study may be due to anaemia
which was also a side effect reported in humans
treated with CFZ [11].

The diarrhea observed in this study may be
attributed to prolong use of the antibiotic
probably due to disturbance of the gut microflora.
This is similar to what was observed in mares
where gastrointestinal disturbances including
severe colitis were noted with CFZ administration
[12]. One out of the 4 dogs in group C (50 mg/kg)
developed signs of central nervous involvement
such as bilateral paralysis of the hindlimbs on
day 21 until the experiment was terminated on
day 28. The most curious observation was hair
loss (hair pulling) not alopecia as observed in all
the dogs but more prominent in the dogs that
received 50 mg/kg ceftriaxone on days 21 and
28. However there was no alopecia and this
could mean that the hair was regenerating fast
which could be related to anabolic effects of
CFzZ.

The effect of CFZ on the haematological studies
in dogs showed that it caused significant (p <
0.05) decrease in RBC, PCV and HB
concentration in all the treated groups. However,
this reduction reversed in dogs in groups A (12.5
mg/kg) and B (25 mg/kg) after the treatment was
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Table 3: Effects of experimental ceftriaxone administration on liver enzymes activities in dogs

Parameter Days of ceftriaxone administration

7 14 21 28
ALT (IU/L)
A 18.69 + 1.11° 18.38+1.012 28.09 £ 1.492 41.94 +6.40°
B 19.61+1.312 19.08 +0.982 35.46 +4.16° 42.38 £3.342
C 23.56 + 3.332 31.35+0.82° 42.25+1.23° 41.08 £4.772
D 34.58 +1.62° 34.38 £2.42°b 34.08 £2.79° 34.54 +1.42b
ALP (U/L)
A 230.3£6.20 2879+ 2,152 180.0 £9.072 166.5+2.172
B 231.0 £ 2.06 289.5+4.62° 158.3 +7.602 157.7 +2.502
C 229.4 +7.68 277.2+8812 201.1£5.242 167.5+9.832
D 238.1+2.46 236 + 1.43° 233 .8+5.88° 234.9+9.77°
AST (IU/L)
A 23.74 £0.77 24.74 £ 0.64° 24.84 £ 0.552 23.96 £0.802
B 22.40 + 1.06 35.00 + 1.49° 38.43£0.35° 38.15+0.77°
C 24.01 £0.80 38.82 +1.28° 43.68 + 1.69° 46.40 + 1.43°
D 24.29 £ 0.66 23.83+£0.472 24.01£0.742 23.72 £0.49°2
Total protein (g/dl)
A 5.950 £ 0.10 5.58 +0.092 6.90+0.112 6.55+0.342
B 5.05+0.17 5.28 +0.292 6.33+0.052 6.15+0.39°
C 5.67 £0.35 4.07 £1.16° 5.00 £ 0.35° 5.63+0.15°
D 5.03 £ 0.41 5.04 +0.38° 5.03+0.41° 5.00 £ 0.42°
Albumin (g/dl)
A 2.64 £0.08 2.88 £ 0.05° 2.69+0.122 2.86£0.12
B 2.51+0.18 272+0.11° 295+0.112 2.57+0.24
C 2.66 £ 0.04 1.39£0.17° 1.85+0.42° 2.01+£0.13
D 2.24+0.28 218 +0.252 2.28+0.26° 2.28 +0.27
Globulin (g/dl)
A 2.74 £ 0.022 3.70+£0.102 421+0.11° 4.37 +£0.33°
B 273+0.012 3.65+0.272 3.38+£0.132P 3.47 £0.202°
C 1.76 + 0.05° 1.58 £0.27° 3.12+0.052P 3.08 £ 0.052P
D 2.75+0.03° 2.78 £0.05° 2.79+0.01° 2.80+£0.01b
Total bilirubin (mg/dl)
A 0.16 £ 0.02° 0.17 £ 0.02° 0.20 £ 0.032 0.16 £ 0.03°
B 0.23 £ 0.02° 0.22 £0.032 0.19+0.042 0.22 £0.052
C 0.17+0.01° 0.39 £0.02° 0.45+0.07° 0.38 £0.05°
D 0.13+0.01° 0.14 +£0.012 0.14+£0.01@ 0.13+0.012
Direct bilirubin (mg/dl)
A 0.06 £ 0.00 0.05 +0.01 0.05+0.01 0.06 +0.01
B 0.05 +0.01 0.04 £ 0.01 0.05+0.02 0.07 £ 0.01
C 0.07 £ 0.02 0.11 +£0.04 0.13+0.03 0.15+0.01
D 0.08 £ 0.01 0.08 + 0.01 0.08 + 0.01 0.07 £ 0.00

Values on the same column with different superscripts vary significantly p < 0.05; A: 12.5 mg/kg of ceftriaxone; B:
25mg/kg of ceftriaxone; C: 50 mg/kg of ceftriaxone; D: control group

stopped, but not in group C (50 mg/kg). The
decrease in these parameters may be as a result
of CFZ induced anaemia. CFZ has been known
to be the second most common drug that
induces immune-haemolytic anaemia which is
highly fatal in children and adult receiving the
drug for more than 1 week [3,11]. The anaemia
usually develops gradually over 7 to 10 days and
reverses over a couple of weeks after the
ceftriaxone drug is withdrawn. However, anaemia
did not reverse one week after treatment was
stopped in the group receiving 50 mg/Kg CFZ.
This suggests that dogs receiving the 50 mg/kg
dose or higher of CFZ may be at risk of
developing aplastic anaemia [13]. Nevertheless,
biopsy of the bone marrow was not done to
determine if the bone marrow was really
suppressed, although the significant decrease in

leucocyte count in dogs in group C not reversed
on stoppage of treatment could suggest the
condition. Cephalosporins such as cefroxadine
and CFZ have been identified as drugs that could
cause aplastic anaemia in humans [13]. In this
study, there was significant (p < 0.05) reduction
in the mean total white blood cell, neutrophil and
lymphocyte count of dogs in group C from day 14
until the experiments ended on day 28. This
observation corroborates the neutropaenia
observed in a patient suffering from pneumonia
who received CFZ for 11 days [14].

It was observed in this study that CFZ caused a
transient  tachycardia immediately after
administration, but was normalized an hour post
treatment. There was also significant increase in
the heart and pulse rate particularly in dogs that
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Table 4: Effect of experimental ceftriaxone administration on the kidney functions in dogs

Parameter Days of ceftriaxone administration

7 14 21 28
Creatinine (mg/dl)
A 0.83 £ 0.01 0.87 £0.102 0.87 £0.062 0.86 + 0.06
B 0.78 £ 0.06 0.80 £ 0.082 0.68 £ 0.072 0.69 £ 0.09
C 0.72 £0.08 0.32 £0.11° 0.37 £0.10° 0.67 £0.15
D 0.77 £0.03 0.76 £ 0.022 0.78 £0.032 0.77 £ 0.02
Blood urea nitrogen (BUN) (mg/dl)
A 26.62 + 1.68 30.96 £2.32 30.00 + 1.242 27.76 £ 1.52
B 28.07 £ 1.60 32.19+2.872 32.68 +2.73° 33.10+2.77
C 25.33+1.01 21.39 + 3.39° 22.61+3.08° 28.47 +4.22
D 27.98 £+ 0.48 28.00 £ 0.49° 28.02 +0.502 27.99 £ 0.48
Uric acid (mg/dl)
A 0.39 £0.03 0.39 £0.022 0.46 £ 0.052 0.33+0.04
B 0.44 £ 0.07 0.56 £ 0.082 0.53+0.162 0.36 £ 0.04
C 0.44 £0.02 0.96 £ 0.15° 0.92 +£0.08° 0.36 £ 0.05
D 0.57 £ 0.04 0.56 £ 0.022 0.56 £ 0.032 0.56 + 0.04

Values on the same column with different superscripts vary significantly p < 0.05; A: 12.5 mg/kg of ceftriaxone; B:
25mg/kg of ceftriaxone; C:50mg/kg of ceftriaxone; D: control group

received 50 mg/kg of CFZ. This observed
tachycardia may be a compensatory response by
the heart to hypoperfusion of tissues due to
anaemia, also the non-significant slight increase
in the mean respiratory rate of dogs in the same
group showed that there was a compensation of
the lungs to hypoxia due to anaemia.

Intramuscular administration of ceftriaxone
caused significantly (p < 0.05) decrease in
activity of ALT on days 7 in all the treated
groups; an indication of the stability and
protection of the membrane of the hepatocytes.
However, on day 14, there was significant (p <
0.05) increase in ALT activity in dogs that
received 50 mg/kg when compared to the groups
A and B. However, on day 21, the ALT activity of
the treated group increased and persisted 7 days
(day 28) post treatment. This finding showed the
potential of CFZ to cause hepatocellular injury, in
other words, lower doses (12.5 and 25 mg/kg)
protected the liver for 2 weeks, while the higher
dose (50 mg/kg) had one-week hepatoprotective
effects following administration, at the end of
which, all doses (low and high) became
hepatotoxic and caused hepatocellular injury.

Studies have shown that elevated activities of
these cytosolic enzymes indicate hepatocyte or
other cell type damage [15]. However, the ALT is
more specific to liver and better use in the
diagnosis of liver injury particularly in dogs and
cats [16]. Similarly, the activity of AST was
elevated from day 14 in groups B and C, which
continued throughout the period of study,
indicative of hepatoxicity. Although, the sources
of serum AST are liver, heart, and skeletal
muscle and elevated levels of activities may be
attributed to the damage to any of these organs
[17]; however, in this study, it may be safe to say

that its elevation indicates an acute
hepatocellular injury. The activity of ALP was
significantly elevated on day 14 of treatment and
then significantly decreased on days 21 and 28.
This further confirmed that there was liver
damage. Alkaline phosphatase (ALP) is an
inducible enzyme which determines the patency
of the biliary system, found mainly in bone and
liver and in small amounts in kidneys and the
gastrointestinal tract [18].

The source of normal serum ALP activity is the
liver because the half-life of ALP from other
sources are usually less than 6 minutes and may
not cause increased serum ALP activity [19].
Consequently, an elevation of ALP is associated
with liver disease particularly in early phase of
obstructive jaundice.

Conversely to the effect on the liver, CFZ
induced significant (p<0.05) increase in total
protein, albumin and globulin, an indication of
anabolic effect particularly at the doses of 12.5
and 25 mg/kg CFZ. But at the dose of 50 mg/kg
CFZ there was a significant decrease in total
protein, albumin and globulin levels which may
be attributed to catabolism. The liver is also
involved in the synthesis of proteins probably
enzymes, and or immunoglobulins which
maintain oncotic (osmotic) integrity,
transportation of drugs and nutrients [20].
Furthermore, anabolic effect of CFZ observed at
a lower dose was reflected in albumin and
globulin. Both were significantly (p < 0.05)
elevated on days 14, 21 and 28 at 12.5 and 25
mg/kg ceftriaxone. Administration of 50 mg/kg
CFZ significantly (p < 0.05) decreased serum
albumin and globulin level, it was not significantly
(p > 0.05) different from the control on days 14
and 21. These findings showed that the synthetic
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function of the liver was compromised at the
dose of 50 mg/kg CFZ. In this study, 50 mg/kg
CFZ significantly (p<0.05) increased the level of
total and direct bilirubin which started from day
14 and lasted throughout the duration of the
study. This effect could be due to hepatocellular
damage coupled with impaired excretory and
secretory functions of the liver. Bilirubin as a
product of hemoglobin degradation during the
apoptosis of erythrocyte is affected by the rate of
erythrocyte destruction, the functional capacity of
the liver and rate of bilirubin excretion [21].
Ceftriaxone has been previously reported to
cause cholestatic jaundice [22]. Therefore, it can
be deduced that the anaemia observed in this
study may be due to haemolysis because of the
hyperbilirubinaemia and brownish colouration of
urine observed in the treated groups.

All doses of ceftriaxone caused significant
increase in BUN level throughout the duration of
the experiment. Elevated BUN and creatinine
levels are indicative of abnormal renal function
[23]. Ceftriaxone (12.5 and 25 mg/kg) caused
significant elevation of serum creatinine on days
14 and 21, while 50 mg/kg ceftriaxone depleted
serum creatinine. Intramuscular administration of
ceftriaxone for 21 days caused dose-dependent
decrease in uric acid which was significant at the
dose in all treated groups on the 14" and 215,
On 28™ day of observation, the level of uric acids
of the treated groups was significantly lower than
those of the control group. Uric acid is end
product of purine metabolism and it is cleared
from the plasma by glomerular filtration and
perhaps by tubular secretion [24]. It may not be
an important marker for kidney function but its
elevation is a sign of oxidative stress [24].

CONCLUSION

The 21-day intramuscular administration of
graded doses of ceftriaxone at the dose of 50
mg/kg in normal Basenji dogs causes liver
damage, nephrotoxicity anaemia, leucopaneia,
tachycardia, and bilateral paralysis of the hind
limbs. Care should be taken in the administration
of ceftriaxone over a prolonged period of time as
it could lead to several adverse reactions. Thus,
irrespective of the dose of ceftriaxone adopted
for use in the treatment of dogs, duration plays a
key role as most of the adverse reactions start
after 14 days in lower doses and 7 days at 50
mag/kg.
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