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Abstract: Isoniazid, a synthetic antibiotic developed in 1952, remains a
cornerstone of first-line tuberculosis treatment. Its effectiveness and
specificity against Mycobacterium tuberculosis have made it a vital
medication for decades. Using probit analysis, the LD50 of isoniazid was
determined to be 1500 mg/kg. For the chronic exposure study, a sublethal
concentration of 150 mg/kg (10% of the LD50) was administered for 30 days.
The experimental design involved two groups—a control group and a
treatment group—each with three replicates, and five rats per replicate.
Hematological and nephrotoxic parameters were evaluated at three time
points:; after 1, 15, and 30 days. The study's findings revealed a significant
decrease (p<0.05) in WBC count was observed on first day, but this change
was no longer significant on days 15" and 30". The RBC count showing no
significant alterations. A significant decrease in hemoglobin was recorded on
15™ day, while no significant changes were noted on days first and last day.
Platelet counts showed a non-significant alter. A significant decrease (p<0.05)
in MCV was observed on the last day of the experiment. while, the kidney
functions results show, a significant elevation in urea levels was consistently
recorded throughout the experiment, also, creatinine value shows a significant
increase in last days and non-significant increase in the 1st and 15" days of
experiments. suggesting potential nephrotoxic effects.

Keywords: Isonziad, Hematological markers, kidney functions, Sublethal
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1. Introduction

The negative effects of human activities with the end of
the 20th century on the environment had reached a
dangerous point, creating imbalances that threaten both
human health and the ability of the planet to support life.
In many cases, these effects have gone beyond what
natural systems can handle [1]. The environment, acting
somewhat like the body's natural ability to stay balanced,
works to support life by protecting a variety of resources,
both those that can be renewed and those that cannot [2].

Isoniazid (INH), a synthetic antibiotic, has been a key
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treatment for tuberculosis since 1952, known for its
strong and specific action against Mycobacterium
tuberculosis [3; 4]. To ensure effective patient care,
pharmaceutical analysis and therapeutic drug monitoring
of INH in both drug formulations and biological samples
are vital for understanding its bioavailability and
bioequivalence [5].

However, despite its effectiveness, INH carries
considerable risks for non-target species, especially
terrestrial mammals. For example, studies in male albino
mice have shown that INH treatment can cause
hepatotoxicity, damaging liver structures [6], and may
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also have immunosuppressive effects [7]. In rats,
isoniazid has been linked to various adverse effects,

including  hematological changes, nephrotoxic
dysfunction, and neurotoxicity, due to its
bioaccumulation and  long-term  environmental
persistence.  Specifically, isoniazid can disrupt

hematological parameters such as white blood cell
(WBC) count, platelet (PLT) count, and hemoglobin
(HGB) levels [8].

According to a review of the literature, Isoniazid-
induced kidney damage is a notable cause of acute renal
failure, with reported incidence rates ranging from 1.8%
to 16% [9]. This condition has a high mortality rate, with
some studies indicating an overall mortality of 18%,
When renal injury is severe, it is often accompanied by
other serious complications, including
thrombocytopenia, immune hemolytic anemia, and
intravascular hemolysis [10]. This highlights the critical
need to evaluate chronic exposure to sub-lethal doses of
environmental contaminants, such as pharmaceutical
waste, to fully comprehend their cellular damaging
mechanisms and associated risks [11].

2. Methodology

Rattus norvegicus var albinus, or albino rats, weighed
150 + 5g. To become used to the new conditions, rats
were brought to the lab in cages and kept in several
plastic containers for 14 days. The temperature in the
lab stayed at 19 + 2 °C [12]. The rats were fed
commercial rat food during the acclimation and testing
period [13]. We conducted a static acute toxicity test
after 14 days of acclimatization [14]. The 99% pure
isoniazid that was sold by the General Company for the
Manufacture of Medicines and Medical Supplies /
Samarra was used to create isoniazid test solutions. To
determine LD50 values, rats were exposed to six
different isoniazid concentrations, including a control
group (0, 250, 500, 1000, 2000 and 4000 mg/kg).
Mortality rates were recorded at 24, 48, 72, and 96-
hours’ post-exposure. The LD50 value was subsequently
calculated using Probit analysis [15]. The sub-lethal
toxicity test was conducted for 30 days. Rats were
randomly divided into two groups, with three replicates
per group and five individuals per replicate (total of 15
rats per group). The experimental groups were exposed
to isoniazid at one sub-lethal concentrations: 150 mg/kg
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(10% of the determined LD50), These concentrations
were selected to evaluate the chronic effects of isoniazid
exposure. The blood was collected 3 time through
experiment period in (1,15,30) days of experiment for
physiological parameters [16].

The auto hematology analyzer was used to obtain all the
hematological parameters results [16].

The kidney function marker, urea and creatinine, were
determined using commercial diagnostic Kkits on an
automated biochemical analysis (Fujifilm) [17].

3.Results and discussion

The acute toxicity assessment revealed a time-dependent
increase in isoniazid lethality in albino rats (Rattus
norvegicus var. albinus), The calculated 96-hour LD50
value for albino rats was 1500 mg/kg.

Red blood cells count (RBCs)

The results of RBC count show the highest value was
(7.22 £ 0.15) x 108 /uL in the last day of experiment and
the lowest value was (6.64 + 0.04) x 10° /uL in the 15th
day of experiment compare with control groups. The
results show there are a slight non-significant increase in
RBC value through all experiment day, figure (1).
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Fig 1: The total count of RBC of Rattus norvegicus after
exposure to sub lethal concentration of Isoniazid.

There are many studies that indicates the isoniazid
treatment groups can negatively impact red blood cell
production. Specifically, one study demonstrated that
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administering isoniazid at a daily dose of 100 mg/kg for
30 days led to a significant reduction in red blood cell
counts. This finding suggests that isoniazid may either
suppress the formation of new red blood cells
(hematopoiesis) or increase the destruction of existing
red blood cells (red cell lysis) [18]. Further evidence
from another study supports this observation, showing a
significant decrease in red blood cell counts in rats given
a combination of isoniazid and rifampicin. This
consistent finding across studies reinforces the notion
that these anti-tuberculosis drugs can have an adverse
effect on the body's ability to maintain healthy red blood
cell levels [19].

White blood cells (WBC)

The white blood cell (WBC) count result indicates a
significant reducing in the first day of experiment, the
value was (3.15 £1.6) * 103 /uL. while there is non-
significant decreasing in the 15th and 30th day of
experiment when compared with control groups.

This reduction was statistically significant when
compared to initial values (0.021), suggesting that the
treatment effectively lowered WBC counts. By day
thirty, WBC levels showed a partial recovery, reaching
(11.58 £ 1.24) * 103 /uL. however, they did not return to
the initial day one levels figure (2).
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Fig 2: The total count WBC of Rattus norvegicus after
exposure to sub lethal concentration of Isonzaide.

The temporary and mild reduction in white blood cell
(WBC) counts observed in this study supports the
hypothesis  of isoniazid-induced leukopenia, a

phenomenon well-documented in clinical settings by
[20]. This finding aligns with [21] observations
regarding the potential ecological impact of anti-
tuberculosis drugs on organisms in aquatic ecosystems.
Furthermore, the notion that the WBC decrease was
linked to treatment exposure is bolstered by broader
research, such as that by Daughton and [22], which
confirms isoniazid's immunosuppressive properties at
certain concentrations in environmental water.

Hemoglobin estimation (Hgb)

The hemoglobin count result was highest value on 1st
day (12.70 £1.4 g/dL). These levels then significantly
decreased, reaching their lowest value on 15th  day
(11.03 0.7 g/dL). This notable drop from baseline
suggests that the treatment effected hemoglobin
concentration during the study, this reduction was
statistically significant with a value was (0.007) in 15th
day. By last day, hemoglobin count levels showed a
partial recovery figure (3).
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Fig 3: The Hemoglobin (Hb) of Rattus norvegicus after
exposure to sub lethal concentration of Isonzaide.

The present study's findings, demonstrating a significant
decrease in hemoglobin concentration (from 12.70+1.4
g/dL on day 1 to 11.03+0.7 g/dL on day 15 (P=0.007)),
align with existing research on isoniazid's hematological
effects. This observed is directly supported by [23], who
reported isoniazid-induced anemia in rats. Furthermore,
clinical reports by [20], confirm that isoniazid can lead
to erythroblastosis or megaloblastic anemia in certain
patients. This pattern also resonates with data from [24],
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who documented decreased hemoglobin concentrations
in tuberculosis patients during intensive treatment.
Collectively, these results suggest that isoniazid may
cause a temporary yet significant reduction in
hemoglobin concentration during the initial phase of
treatment.

platelet count (PLT)

The result of platelet counts showed exhibited an
increasing pattern. On first day, the lowest value was
recorded at (459.67) and platelet counts gradually
increases, reaching to the higher of value (675.67) on
day 15, and this elevated level was sustained through day
30. These significant differences indicate that the
treatment promoted an increase in platelet count
throughout the study duration.
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Fig 4: The Platelet (PLT) of Rattus norvegicus after
exposure to sub-lethal concentration of Isonzaide.

The current study's findings, a notable rise in platelet
counts after intensive treatment. This finding is
consistent with earlier research, such as that by [26],
which observed a similar frequency of elevated platelet
counts during comparable exposures. This pattern
resembles reactive thrombocytosis, a condition often
seen in clinical studies and typically interpreted as a
temporary  inflammatory  response  [25]. These
observations collectively support the idea that activated
platelets circulating in the bloodstream are an important
part of the body's immune response to tuberculosis [25].
Therefore, our results suggest that the changes we saw in
platelet count are not just a side effect, but rather an
indication of shifts in how the body's inflammation and
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immune system are working.
Mean corpuscular volume (MCV)

The result of highest value (MCV) was observed on first
day (54.4 + 6.0) and MCV gradually decreases reaching
its lowest value on last day (53.17 + 0.7). This sustained
decrease indicates that the treatment significantly
contributed to a reduction in MCV over time, with
statistically significant differences noted particularly on
days 15th and 30th compared to baseline values.
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Fig 5: The mean corpuscular volume (MCV) of Rattus
norvegicus after exposure to sub-lethal concentration of
Isonzaide.

The initial slight increase in MCV on the 1st day could
be a temporary effect of the compound on bone marrow
or red blood cell maturation, possibly affecting the rate
of cell division. However, the subsequent decrease in
MCV on the 15th and 30th days is a more significant
finding. A low MCV, known as microcytosis, indicates
that the red blood cells are smaller than normal [27].
This is often associated with conditions such as iron
deficiency anemia, thalassemia, or chronic diseases. The
sustained drop in MCV in the treatment group suggests
that the pharmaceutical compound may be interfering
with iron metabolism, hemoglobin synthesis, or the
production of red blood cells over a prolonged period.
This indicates a potential adverse hematological effect of
the compound that requires further investigation [28].

Serum Creatinine

Creatinine results remained largely consistent throughout
the study. Values ranged from (0.40 + 0.08) on 1st day to
(0.42 £ 0.05) on the last day, with the lowest
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measurement occurring on 15th day (0.29 0.1).
Statistical analysis revealed no significant differences in
the 1st and 15th day, there are a significant alter in the
last day of experiment, indicating that the treatment did
not significantly impact creatinine levels, just in the last
day was positive effects as show in figure (6).
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Fig 6: Creatinine of Rattus norvegicus after exposure to
sub-lethal concentration of Isonzaide.

Creatinine is a waste product of muscle metabolism that,
like urea, is filtered from the blood by the kidneys. A
rise in blood creatinine levels is a widely accepted and
specific marker of impaired kidney function [29]. The
initial similarity of the two groups on day 1 confirms that
the experiment started with a consistent baseline. The
subsequent increase in creatinine levels in the treatment
group from 15th day to 30th day is a strong indication of
a nephrotoxic effect from the pharmaceutical compound
[30]. The compound likely damages the nephrons,
reducing the kidneys' ability to filter waste from the
blood, leading to the accumulation of creatinine. The fact
that the creatinine levels in the control group remained
stable and even slightly decreased to a lower, healthy
baseline is crucial. This demonstrates that the observed
rise in the treatment group is directly attributable to the
drug and not due to other external factors. The large
error bar for the treatment group on day 15 suggests that
the rats may be responding differently to the compound,
with some experiencing more severe kidney damage than
others. By day 30, while still elevated, the variability has
decreased, suggesting a more uniform progression of
kidney impairment [31].

Urea
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The result of urea showed on the first day the mean urea
value was 47.7. This high value to 54.1 by the fifteenth
day, and by the thirtieth day, it reached to highest value
at 84.9. This observed increase over time strongly
suggests a direct effect of the treatment level in elevating
urea concentrations. significant increase in urea levels
(0.001) throughout the study period as in figure (7).
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Fig 7: Urea of Rattus norvegicus after exposure to sub-
lethal concentration of Isonzaide.

In mammals, including rats, urea is a waste product of
protein metabolism that is filtered from the blood by the
kidneys and excreted in urine. Therefore, elevated urea
levels, a condition known as azotemia, are a common
indicator of impaired kidney function or renal toxicity
[32]. The initial high variability in the control group on
the first day may be due to factors such as diet, hydration
status, or stress before the study began. By 15th day,
both groups seem to have adapted to the study
conditions, as their urea levels become more consistent.
The divergence between the two groups on the last day is
a critical piece of evidence. The gradual increase in urea
in the treatment group, culminating in a high value by
the end of the study, strongly suggests that the
pharmaceutical compound is toxic to the kidneys [33,
36]. The drug likely interferes with the kidneys' ability to
filter urea from the blood, causing it to accumulate. This
finding warrants further investigation into the specific
mechanism of action and the potential for long-term
renal damage [34]. The stable or decreasing urea levels
in the control group confirm that the observed increase in
the treatment group is a direct result of the compound,
not a general change in the rats' health over the study
period. This data would be a major concern in the pre-
clinical safety assessment of this compound [35].
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Conclusion

In conclusion Isonzaide has a harmful effect on the blood
parameters after exposure to sub-lethal concentration,
which was vividly clear on the results and make a renal
damage.
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