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ABSTRACT

Background: Tuberculosis (TB) remains a significant health burden globally, particularly in
developing nations like Nigeria. The use of anti-tubercular drugs, while effective, is associated with
potential hepatotoxic effects, which can be monitored using specific serum biomarkers.

Aim: This study aimed to assess serum levels of Gamma-glutamyl transferase (GGT), Aspartate
aminotransferase (AST), and Albumin in TB patients undergoing treatment at Edo State University
Teaching Hospital, Auchi, Edo State, Nigeria.

Study Design: This cross-sectional study was conducted on tuberculosis patients who were
selected by simple random sampling.

Methods: A total of 70 tuberculosis patients aged 10 years and above out of which 48 were being
treated with rifampicin, and 22 were being treated with Pyrazinamide for six months and above, as
well as 50 healthy controls, participated in this study. Blood samples were analyzed for GGT, AST,
and Albumin levels using standard spectrophotometric method. Data was presented as mean *
standard deviation and comparisons between TB patients and controls were made using the
independent Student’s t-test. Significance level was taken at p<0.05.

Results: The serum levels of GGT and AST were significantly elevated in TB patients under
treatment compared to controls. Albumin levels were significantly lower in TB patients compared to
controls. Statistically significant increase was observed in the serum GGT and AST (p<0.05) of
patients treated with rifampicin and Pyrazinamide drugs from 6 months and above compared to
those not on the treatment. In the long-term treatment phase, serum albumin levels in both drug
groups decreased significantly (p<0.05), with Rifampicin showing slightly lower levels compared to
Pyrazinamide.

Conclusion: Prolonged TB treatment, especially beyond 6 months, is associated with elevated
liver enzyme levels and reduced albumin levels, suggesting potential hepatic stress.

Keywords: Gamma-Glutamyl Transferase (GGT); Aspartate aminotransferase (AST); albumin;

tuberculosis; rifampicin; pyrazinamide.
1. INTRODUCTION it a crucial marker for assessing liver injury [8,9].
Albumin, a protein synthesized by the liver,
reflects the synthetic function of the liver and is
often reduced in chronic liver diseases [10,11].
The assessment of these serum biomarkers in
TB patients undergoing treatment is essential for
early detection of drug-induced hepatotoxicity.

Tuberculosis (TB) is an airborne disease caused
by bacteria belonging to the Mycobacterium
tuberculosis complex (MTBC) [1,2]. Tuberculosis
(TB) remains a significant public health challenge
worldwide, especially in developing countries like

Nigeria. The World Health Organization (WHO)
reported that in 2021, approximately 10 million
people fell ill with TB globally, with Africa
accounting for a substantial portion of these
cases [3]. TB treatment typically involves a
combination of drugs administered over a period
of six months or more. However, these drugs can
cause significant side effects, including
hepatotoxicity, which may lead to treatment
discontinuation or failure [4,5].

Serum biomarkers, such as Gamma-glutamyl
transferase (GGT), Aspartate aminotransferase
(AST), and Albumin, are vital indicators of liver
function and overall health status [4,6]. GGT is a
sensitive marker of hepatobiliary disease and is
often elevated in conditions involving liver injury
or cholestasis [7]. AST, an enzyme found in the
liver and other tissues, is released into the
bloodstream in response to liver damage, making

Such monitoring can help in timely intervention,
thereby preventing severe liver damage and
ensuring the continuation of effective TB
treatment. In Nigeria, particularly in Edo State,
there is limited research on the impact of anti-
tubercular treatment on liver function, as
indicated by serum GGT, AST, and Albumin
levels. This study aimed to fill this gap by
evaluating these biomarkers in TB patients under
treatment, providing insights into the hepatic
effects of TB therapy and guiding clinical practice
in the region.

2. MATERIALS AND METHODS
2.1 Study Design and Population
This cross-sectional study was conducted at Edo

State University Teaching Hospital, Auchi, Edo
State, Nigeria. The study population consisted
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of 70 TB patients undergoing anti-tubercular
treatment and 50 healthy controls matched for
age and duration of tuberculosis treatment who
were randomly selected.

2.2 Inclusion Criteria

TB patients confirmed by sputum microscopy TB
diagnosis and under anti-tubercular treatment for
at least one month.

2.3 Exclusion Criteria

Patients with known liver diseases, HIV infection,
or those on other hepatotoxic medications.

2.4 Sample Collection and Analysis

Five millilitres of venous blood samples were
collected from the cubital vein of each participant
after an overnight fast using standard
venipuncture technique and dispensed into plain
labelled containers. Blood samples were left at
room temperature for about 10 minutes to clot
after which serum was obtained by centrifugation
for 5 minutes at 4000rpm and stored at -20°c
prior to analysis. GGT and AST levels were
measured using enzymatic methods, while
Albumin was quantified using the bromocresol
green dye-binding method.

2.5 Statistical Analysis

Data were analyzed using SPSS version 25.0
(IBM Corp., Armonk, NY, USA). Descriptive
statistics were used to summarize the data. Data
was presented as mean + standard deviation and
comparisons between TB patients and controls
were made using the independent t-test. A p-
value of less than 0.05 was considered
statistically significant.

3. RESULTS

Table 1 shows the serum Gamma Glutamyl
Transferase level (GGT) (U/L) in TB patients
treated with rifampicin and Pyrazinamide over a
6 months period. The mean gamma glutamyl
transferase (GGT) values showed a statistically
significant increase in patients treated with
rifampicin  (10.08+0.08), as compared to
Pyrazinamide (7.64+0.94) treated patient in the
period of less than a month and 1-2 months
(Rifampicn: 11.08+4.55), Pyrazinamide:
(8.11+£1.47) of treatment respectively. Whereas,
there was no statistically significant difference

was observed in rifampicin (11.53+4.68) treated
patients as compared with tuberculosis
patients treated with Pyrazinamide (14.27+8.41)
in 3-5 months (P=0.23) and 6 months and
above (Rifampicin: 29.16+3.99; Pyrazinamide:
32.8+1.56) respectively. Statistically significant
decrease was observed in the groups of less
than a month and 1-2 months as compared with
the control group. Conversely, there was
significant increase in tuberculosis patient treated
with rifampicin and Pyrazinamide in 6 months
and above as compared with the control.

Table 2 shows the serum level of Aspartate
Aminotransferase (AST) in tuberculosis patients
treated with Rifampicin and Pyrazinamide from
less than 1 month to 6 months and above.

In the first month of treatment, AST levels are
higher in patients treated with Pyrazinamide
(13.67 + 0.61 U/L) compared to those treated
with Rifampicin (11.52 £ 0.47 U/L). During the 1-
2 month period, AST levels increase for both
drugs, with Rifampicin showing an average of
18.44 £ 6.99 U/L and Pyrazinamide showing
19.44 + 4.75 U/L. However, the P-value of 0.31
indicates that the difference between the two is
not statistically significant. In the 3-5 month
period, AST levels further increase for both
Rifampicin (21.25 + 10.55 U/L) and Pyrazinamide
(21.82 £ 11.18 UJ/L). The P-value of 0.55
indicates no statistically significant difference
between the two drugs. In the late phase of
treatment (6 months and above), AST levels are
substantially elevated in both groups, with
Rifampicin-treated patients showing 47.63 =*
10.94 U/L and Pyrazinamide-treated patients
showing 50.64 + 11.34 U/L. The P-value of 0.63
indicates no significant difference between the
two drugs.

Table 3 shows the albumin in TB patients treated
with rifampicin and Pyrazinamide from less than
1 month to 6 months and above.

In the first month of treatment, patients treated
with Rifampicin have statistically significant
higher serum albumin levels compared to those
treated with Pyrazinamide (P = 0.0001). During
the 1-2 month treatment period, albumin levels in
patients treated with Rifampicin are slightly
higher than those treated with Pyrazinamide, but
the difference is not statistically significant (P =
0.25). In the 3-5 month treatment period, there is
a notable increase in the mean albumin levels for
patients treated with Rifampicin (5.70+7.17 g/dl)
compared to those treated with Pyrazinamide
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(4.12+£0.75 g/dl). Despite higher albumin levels
observed in the Rifampicin group, the large
standard deviation (7.17) suggests considerable
variability, making the difference between the two
treatments non-significant. In the long-term
treatment phase (6 months and above), the
patients treated with Rifampicin show statistically
significant lower albumin levels compared to
those treated with Pyrazinamide (P = 0.0002). A
statistically significant decrease was observed in
tuberculosis patients treated with rifampicin as
compared to Pyrazinamide treated patients in 6
months of treatment and the control.

4. DISCUSSION

Rifampicin and Pyrazinamide are known for
hepatotoxicity overtime and might contribute to
the initial increase in GGT levels and subsequent
adjustments as the body adapts [5]. The impact

on AST levels could be indicative of the
medication's influence on liver inflammation and
cellular health. Albumin levels might reflect the
overall nutritional status and response to
treatment. It is important to recognize that these
results might vary based on individual patient
characteristics and the specific dynamics of
tuberculosis infection. The fluctuations in enzyme
levels over time might also depend on factors
such as disease severity, patient compliance,
and potential interactions with other medications

[6].

From this study, the observed result for gamma
glutamyl transferase (GGT) values of the
tuberculosis patients treated with Rifampicin and
Pyrazinamide over a 6-months period showed
that the GGT significantly increased with
increased duration of treatment and they were
higher than the observed mean GGT values

Table 1. Comparison of serum levels of Gamma Glutamyl Transferase (GGT) (U/L) £ SD in
tuberculosis patients treated with Rifampicin and Pyrazinamide

Duration of Tuberculosis Treated Patients (n = 70)
Treatment Rifampicin Pyrazinamide P-value
<1 month 10.08+0.08 7.64+0.94 0.02*
1-2 months 11.08+4.55 8.11+1.47 0.03*
3-5 months 11.53+4.68 14.27+8.41 0.23

6 months and above 29.16+3.99 32.8+£1.56 0.04*
Control 11.98+4.55

SD = standard deviation, n = number, *=statistically significant at p<0.05

Table 2. Comparison of serum levels of aspartate aminotransferase (AST) (U/L) £ SD in
tuberculosis patients treated with rifampicin and Pyrazinamide

Duration of Tuberculosis Treated Patients
Treatment Rifampicin Pyrazinamide P-value
<1 month 11.52+0.47 13.67+0.61 0.01*
1-2 months 18.44+6.99 19.44+4.75 0.31
3-5 months 21.25+10.55 21.82+11.18 0.55

6 months and above 47.63+10.94 50.64+11.34 0.63
Control 20.0245.92

SD = standard deviation, n = number, *=statistically significant at p<0.05

Table 3. Comparison of serum levels of albumin (g/dl) £ SD in tuberculosis patients treated
with Rifampicin and Pyrazinamide

Duration of Tuberculosis Treated Patients

Treatment Rifampicin Pyrazinamide P-value
<1 month 4,23+0.15 3.47+0.76 0.0001
1-2 months 4.45+0.70 4,27+0.44 0.25
3-5 months 5.70£7.17 4,12+0.75 0.82

6 months and above 3.294£0.35 3.73+0.57 0.0002
Control 4,47+0.39

SD = standard deviation, n = number, statistically significant at p<0.05
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of control. This finding is similar to the work of
[12] who reported mean GGT values of 27.95
U/L in evaluating the preventive use of a
hepatoprotectant against anti-tuberculosis drug-
induced liver injury in China. This may be as a
result of extensive metabolism in the liver by
various enzymes that can lead to the formation of
reactive metabolites [13]. These reactive
metabolites may cause direct damage to
hepatocytes or trigger an immune response,
which involves the activation of T cells, release of
pro-inflammatory cytokines, and recruitment of
immune cells to the liver [14]. This immune-
mediated response can contribute to liver
inflammation and injury [14]. It may also result
from oxidative stress in hepatocytes, which leads
to the generation of reactive oxygen species
(ROS) and deplete cellular antioxidant
defenses, leading to an imbalance between
oxidants and antioxidants, which can result in
cellular damage, lipid peroxidation, protein
oxidation, and DNA damage, contributing to
hepatocellular injury [15]. The sharp rise in GGT
levels after 6 months indicates that
prolonged exposure to these drugs may
significantly impact liver function. Pyrazinamide,
which is known for its hepatotoxic potential,
appears to have a more pronounced effect in the
long term compared to Rifampicin. This
highlights the need for careful monitoring of liver
function in patients undergoing extended
tuberculosis treatment.

The comparison with the control group suggests
that both rifampicin and Pyrazinamide can impact
GGT levels, but the effects vary over time and
between the two drugs.

The study also suggested that both Rifampicin
and Pyrazinamide have a significant impact on
liver function, as evidenced by elevated AST
levels throughout the treatment duration. The
increase in AST levels, particularly after
prolonged treatment, indicates potential liver
damage or stress, which is a known risk with
these drugs. Rifampicin, as an enzyme inducer,
may contribute to liver stress, particularly with
long-term use, which is reflected in the elevated
AST levels. Pyrazinamide, known for its
hepatotoxic potential, its impact is evident from
the early stages, with significantly higher AST
levels compared to Rifampicin in the first month.
The findings of this present study agree with the
work of [16] from LAUTECH Teaching Hospital,
Ogbomoso, Nigeria. The significant rise in AST

levels in the late phase of treatment reflects
considerable liver stress or damage associated
with prolonged exposure to both Rifampicin and
Pyrazinamide. This indicates a need for close
monitoring of liver function, particularly in
patients undergoing long-term treatment. This
may also result from extensive metabolism in the
liver by various enzymes that can lead to the
formation of reactive metabolites, immune
response and oxidative stress which can lead to
hepatocellular injury thereby increasing the
levels of AST [17]. These results are consistent
with previous studies that have reported
hepatotoxicity as a common side effect of anti-
tubercular therapy [18].

In the long-term treatment phase, serum albumin
levels in both drug groups decreased, with
Rifampicin  showing slightly lower levels
compared to Pyrazinamide. The decrease in
albumin levels in this phase may be indicative of
cumulative liver stress or nutritional depletion
due to prolonged illness and treatment.
However, the difference between the two drugs
remains non-significant, suggesting that both
drugs exert a similar impact on liver function over
extended treatment periods. Regular monitoring
of serum albumin levels remains important
to ensure that TB treatment does not lead
to significant nutritional or liver function
deterioration.

5. CONCLUSION

The study demonstrated that prolonged TB
treatment, especially beyond 6 months, is
associated with elevated liver enzyme levels and
reduced albumin levels, suggesting potential
hepatic  stress.  While  Rifampicin  and
Pyrazinamide both impact liver function, the
differences between the drugs were not
statistically significant. Regular monitoring of liver
function markers in TB patients is essential for
early detection and management of drug-induced
hepatotoxicity, allowing for timely intervention
and adjustment of therapy to prevent severe
liver damage, thereby improving treatment
outcomes.

6. RECOMMENDATION
The findings suggest the need for further

research into strategies for minimizing
hepatotoxicity in TB treatment.
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