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ABSTRACT 

 

This study was aimed to assess the effect of Amikacin in Multidrug resistance tuberculosis treatment on serum sodium and 

potassium level. A total 179 subjects (82 males and 97 females) were screened within the period of one year for their serum 

electrolyte levels before and during the treatment. Their body weight and sociodemographic characteristics were also taken into 

considerations. Data were expressed in the form of mean ± standard error using One-way analysis of variance (ANOVA), 

followed by Dunnett’s test. All the statistical analyses were performed using Graph Pad Prism v. 6. 

The results showed that Amikacin caused a significant (p<0.05) hypokalemia when used in combination with other drugs having 

no known effect on serum potassium level which proved to be the side effect of Amikacin. The average serum potassium level in 

both intensive and continuation phase was significantly lower (p <0.05) than the baseline (3.73 mmol/l), However, in the 

continuation phase the potassium level (3.58 mmol/l) was slightly higher than that of intensive phase (3.54 mmol/l). The average 

serum sodium level in both phases; intensive and continuation, remained in steady state (137.25 mmol/l and 137.87 mmol/l 

respectively) throughout the study period as compared to the base line (135.5 mmol/l). The Amikacin drug lowered serum 

potassium level but had no effect on sodium level. 

It is concluded that the serum electrolytes should be monitored during treatment and corrected accordingly.   
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INTRODUCTION 

 

Multidrug resistance tuberculosis (MDR-TB), caused by Mycobacterium tuberculosis strains are resistant to which both 

Isoniazid and Rifampicin together, and is still a problem for eradication of tuberculosis (TB). According to World Health 

Organization reports, the prevalence of MDR-TB was 3.6% for newly reported cases and 20.2% for already handled cases in 

2013 globally [1]. Due to increased incidences of drug resistant tuberculosis (DR-TB) in Pakistan, patients are treated through 

Programmatic Management of Drug Resistant TB (PMDT). For this purpose, different PMDT sites are functional in the country.  

Ayub Teaching Hospital at Abbottabad (ATH) is one of most sophisticated health care center in the Khyber Pakhtunkhwa 

Province.  

MDR-TB treatment is comprised of four antituberculosis clean drugs to which the Mycobacterium tuberculosis strain is still 

sensitive including second line injectable [2]. All second line injectable drugs are bactericidal having several adverse effects. The 

second line injectable drugs used in therapy regimen are Kanamycin, Amikacin and Capreomycin [2]. Amikacin is used as 

standardized regimen in Pakistan. On the other hand, Caminero has recommended Capreomycin as the first choice of second line 

injectable drug in MDR-TB therapy [2]. 

Amikacin and Capreomycin are classified as antibiotics of aminoglycoside group and cyclic polypeptide [3]. They have a 

disturbance effect on the electrolyte balance, it has been reported that the use of aminoglycoside and Capreomycin causes the 

increase in renal electrolyte wasting including potassium, magnesium, and calcium. Electrolyte disturbance particularly 

hypokalemia is related to several significant morbidities such as tetany, seizures, and cardiac arrhythmia [3]. Therefore, serum 

potassium level is one of the most significant parameters with respect to the patient’s safety. 

Diarrhea, vomiting, and excessive sweating are common features in tuberculosis infections as these are also possible causes for 

loss of water and electrolyte [4]. Fluid, electrolyte and acid-base imbalance commonly found in T.B, have been considered as the 

main factors for development of acute renal failure [5]. In view of the water and electrolyte imbalances and the resulting 
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cytochemical changes in MDR-TB, the present study was designed to find out the effect of Amikacin on serum electrolytes 

balance in patients with MDR-TB.   

 

MATERIALS AND METHODS 

 

Study population  

The retrospective cohort study was conducted at PMDT-ATH Abbottabad, Pakistan. All confirmed pulmonary MDR-TB patients 

receiving treatment of MDR-TB from March 2014 to February 2015 were included in the study. The study population included 

139 MDR-TB patients and 40 healthy individuals which were divided into 4 categories: 

(a) Group 1(Negative control): This group included those individuals who were free of any disease. 

(b) Group 2 (G0): This group included all those patients who were eligible for enrollment at PMDT site based on GeneXpert or 

DST (drug susceptibility testing) but still had not received the treatment of MDR-TB. 

(c) Group 3 (GI): This group included all those patients who had taken one month of MDR-TB and come for their follow up at 

PMDT site. Patients in this group were followed up until the completion of their intensive phase of treatment i.e. upto the 

stoppage of their injectable drug.  

(d) Group 4 (GC): This group included all those patients whose injectable were stopped and switched over to their continuation 

phase of treatment. 

 

Study design and settings.  

All the enrolled patients were treated on an ambulatory based care model and were appropriately examined on monthly basis by 

a panel of physicians. All registered patients were first put on a standardized treatment regimen, and subsequently shifted to 

individualized regimens according to individual’s drug susceptibility test results. Data of initial demographic and clinical 

characteristics of subjects such as age, gender, initial body weight and comorbidities was also recorded. Initial sodium and 

potassium levels of each patient’s serum were monitored during treatment [6]. Data was analyzed statistically on monthly basis.  

 

Exclusion criteria 

Following patients were excluded from the study: 

a) Those who had XDR-TB or on injectable Capreomycin 

b) Those having noncompliance complaints  

c) Pregnant women 

d) Patients with the history of second line injectable antituberculosis treatment  

e) Patients with renal impairment  

f) Those taking therapeutic agents which are known to affect serum potassium level such as insulin, angiotensin 

converting enzyme (ACE) inhibitor, angiotensin II receptor blocker, non-steroidal anti-inflammatory drug (NSAID), 

diuretic, amphotericin B, corticosteroid, β2-agonis, and potassium supplement. 

 

Ethical approval 

The study was approved by the institutional review board (IRB), of Ayub Medical Institute, Abbottabad, Pakistan.   

 

Regimen design and patient management 

All the enrolled patients were put on a standardized treatment regimen (STR). The STR was comprised of Pyrazinamide, 

Amikacin, Levofloxacin, Ethionamide, Cycloserine, and Vitamin B6 (Pyridoxine). The drug dosage was individualized 

according to weight and clinical condition of each patient as per strategy of the National TB Control Program. Treatment on STR 

was carried out till the receiving of drug susceptibility test (DST) reports. After the confirmation of the resistance pattern 

determined through DST, all patients were shifted to an individualized treatment regimen (ITR) based on the DST profile of each 

individual patient [7]. In general, regimens contained at least 4 clean drugs based on previous antitubercular therapy (ATT) 

history and DST result to which the infecting strain was susceptible, as well as a second line injectable drug. 

 

Blood sample collection and analysis of Sodium and Potassium: 

Five to seven millimeters of venous blood were obtained from the cubital vein of each patient using a sterile needle and syringe 

and allowed in plain tube to clot. The plasma was extracted by centrifugation (perfect close system) for 3-5 minutes at 4000 rpm 

for analysis of sodium and potassium level. The serum was analyzed using an automatic electrolyte analyzer (Easylyte model # 

9180 made by Roche company) and the results were recorded. All the chemicals used were of diagnostic grade. 
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STATISTICAL ANALYSIS 

All the data expressed in the form of mean ± standard error. One-way analysis of variance (ANOVA) was carried out followed 

by Dunnett’s test. All the statistical analyses were performed using GraphPad Prism v. 6 (GraphPad Software, San Diego, 

California, USA). 

 

RESULTS AND DISCUSSION 

 

Initial demographic characteristic of patients 

The study of socioeconomic status of the patients revealed that TB was converted to MDR-TB mostly in females (55.40%). In 

Pakistan females are more immuno compromised and also limited to home in most of their life span, so the restricted 

environment, improper ventilation and poor hygienic conditions are responsible for such type of infections. In rural areas, due to 

lack of transportation and health care units the MDR-TB cases are more prevalent as compared to urban areas. In Pakistan, the 

literacy rate is lower in rural areas than the urban areas. Due to lack of education in the society, the proper medical care is not 

provided to the patients and ultimately normal cases of infections are converted to serious diseases like MDR-TB which might be 

prevented, if the care givers belonging to rural areas are properly educated. Poor financial condition of the people is another 

major cause of TB, due to which the patients do not approach to the qualified physician and usually compelled to relay on the 

locally available non- professional and uneducated quacks, Hakeem’s or on spiritual treatment (Dam Darood). The close contact 

of the patient with care givers or other relatives also lead to spread the infection and cause severity of this contagious disease. It 

is observed more commonly among married population in case of TB. 

Characteristics of patients like gender, educational status, initial demographic and socio-economic conditions are presented in 

Figure 1. Table 2 shows that the average weight of the patients was significantly (p <0.05) improved during study duration which 

is a clear indication for repression of the infection. One of the typical symptoms of TB is anorexia and weight loss [8.9]. It was 

observed during this study that the MDR-TB patients were suffering from such significant symptoms when they visited PMDT. 

With the passage of time it was noted that patients were gaining weight during MDR-TB treatment regimen. But this 

improvement was more common in males as compared to females. The improving in body weight clearly indicated that this 

change was because of the diminished anorexia and prognosis of infection. The weight based dosage of MDR-TB according to 

WHO [10] is presented in Table 3. 

 
 

Figure 1: Descriptive, socio-economics and demographic characteristic 

 

Table 1 : Average weights of the patient in both phases. 
Age  New  Intensive phase Continuation phase  

 G0 GI1 GI2 GI3 GI4 GI5 GI6 GI7 GI8 GC1 GC2 GC3 GC4 

weight Males (mean ± SEM) 

16.98 ± 7.37 40.23±1.37  40± 3.37 42± 2.37 43±5.37* 43± 4.37* 44± 3.37* 44± 4.37* 45± 2.37** 46± 3.37** 46± 3.51** 48± 4.37** 49± 2.37** 52± 4.37** 

28.23 ±8.59 46.37±4.63 46.80±5.21 47.42±5.48 47.9±6.1* 48.13±5.22* 49.37±7.1** 49.80±8.21** 50.24±6.33** 50.90±7.14** 51.10±6.62*** 51.89±7.21*** 52.20±6.97*** 54.34±4.59** 

55.87 ± 5.34 60.14±3.22 60.84±4.97 61.39±5.91 62.10±6.29** 62.97±7.27** 63.17±4.19** 64.27±5.21** 65.22±6.61** 65.92±6.59** 66.11±6.17** 66.89±7.19*** 67.21±8.16*** 68.34±6.69*** 

weight Females (mean ± SEM) 

16.98 ± 7.37 32.19±3.38 32.94±4.17 33.17±4.87* 33.96±4.91* 34.37±3.81* 34.92±5.21* 35.38±5.98** 35.97±5.81** 36.21±6.12** 36.97±5.82** 37.21±5.81** 37.91±6.71** 39.32±7.29*** 

28.23 ±8.59 43.27±4.32 44.12±4.96* 45.10±5.31* 45.91±5.95* 46.26±5.23* 46.89±6.11* 47.14±7.25** 47.91±7.94** 48.24±7.48** 48.93±7.91** 49.22±8.13*** 49.95±8.85*** 50.34±7.83*** 

55.87 ± 5.34 55.38±3.39 55.91±4.13* 56.64±5.37* 56.86±6.21** 56.91±6.84** 57.53±5.67** 57.93±7.45** 57.98±7.93** 58.25±6.91** 58.95±7.92** 59.35±6.92*** 59.89±8.13*** 59.98±8.94*** 

Values shown are mean ± S.E.M, n = 179. *P < 0.05, **P < 0.01 and ***P < 0.001 show a comparison 
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Table 2: Weight Based Dosing of MDR-TB Medicines 
 

S. No 

DRUGS DAILY DOSE 30-35 KG 36-45 KG 46-55 KG 56-70 KG >70 KG 

1 Pyrazinamide  20-30 mg/kg once daily 800 mg 1000 mg 1200 mg 1600 mg 2000 mg 

2 Levofloxacin 750-1000 mg once daily 750 mg 750 mg 1000 mg 1000 mg 1000 mg 

3 Cycloserine  500-750 mg/day in 2 divided doses 500 mg 500 mg 500 mg 750 mg 750 mg 

4 Ethionamide 500-750 mg/day in 2 divided doses 500 mg 500 mg 750 mg 750 mg 1000 mg 

5 Pyridoxine 500-750 mg/day in 2 divided doses 500 mg 500 mg 500 mg 750 mg 750 mg 

Weight-based injectable anti-TB daily dosing in adults ≥30 kg 

 Amikacin 15-20 mg/kg once daily 500 mg 625 mg 750 mg 875 mg 1000 mg 

 

Serum Sodium level       

When sodium level of both male and female patients was analyzed it was found that the highest value of sodium was observed in 

male patients at GC4 (139.9 + 3.5 mmol/l) of age group upto 40 years, while the lowerest value observed in male of age groups 

upto 20 years (132.6+ 6.4 mmol/l) as in Table 4.  

In male of age upto 20 years the highest value was recorded at GI8 (138.3 + 6 mmol/l) and the lowerest observed value was 

(132.6+ 6.4 mmol/l) at G0 treatment phase.  Significant variation (p < 0.01) in this age group was occurred at G0. For female of 

the same age group the highest value was observed at GC2 (138.8 + 4.5 mmol/l), while the lowerest value was at GI3 (136.2 + 

5.1 mmol/l). In female, no such significant variation was observed. 

When male of the age upto 40 years were analyzed for their level of sodium it was found that the highest value was observed at 

GC4 (139.9 + 3.5 mmol/l), while the lowerest value was observed at G0 (135.9 + 4.2 mmol/l). For female of this age group the 

highest value was reported at GI7 (138.3 + 3.2 mmol/l), and lowest value (p < 0.01) was at G0 (134.8 + 5.6 mmol/l) treatment 

phase. For male of this age group no significant variation noted while for female the significant variations (p < 0.01) were 

observed at G0 and GI2 respectively. 

For male of age above 40 years the highest value of sodium was noted at GI6 (139 + 4.1 mmol/l), and the lowest value was at 

GI1 (135.2 + 6.9 mmol/l), while in case of female of this age group the highest observed value was at GC3 (138 + 3.1 mmol/l) 

and the lowest one at GC1 (135.1 + 4.3 mmol/l). In this age group for both sex no such significant variation was observed. 

The therapy recommended for MDR-TB by WHO includes Amikacin, Pyrazinamide, Cycloserine, Ethionamide, Levofloxacin 

and vitamin B6. Among these Amikacin (the Aminoglycosides) are notorious for their nephrotoxicity, hypokalemia and 

ototoxicity [11,12]. The continuous use of Amikacin in this study led to the electrolyte imbalance especially hypokalemia in 

patients after treatment.  A study on animals showed that the use of Amikacin for 7 day caused hyponatremia [13]. The reason of 

nephrotoxicity associated with Amikacin is that it is a powerful cationic drug which attaches to negatively charged acidic 

phosphoinositide component on the brush border membrane of proximal tubule. After attachment to the brush border amikacin 

reaches cationic drug receptor megalin situated deep at the brush border of villi, resulting in the formation of drug receptor 

complex, which is quickly incorporated by pinocytosis and taken up by lysosomes where progression of lysosomal, 

phospholipidosis occurs resulting in development of classic morphologic myeloid bodies. After their entrance into the S1 and S2 

segments of proximal tubule, most of the intracellular processes are altered by the existence of Amikacin [14-16]. The possible 

nephrotoxic effect of Amikacin depends upon the number of free amino groups on their surface [17,18]. 

On the other hand, we have unexpected results regarding serum sodium level. This treatment regimen does not cause any 

remarkable alteration in sodium level. Although perversions study showed that there was a significant decrease of serum sodium 

levels in patients receiving Amikacin when compared with control group [13]. The mechanism explaining the hyponatremic effect 

of Amikacin is the activation of CaSR receptor present in the thick ascending limb of loop of Henle. Stimulation of CaSR results 

in the alteration of electrolyte transportation through inhibition of four pathways involving Na
+

, K
+

, Cl
-

symporter channel 

(NKCC2), renal outer medullary potassium channel (ROMK), Na
+

, K
+

-ATPase and/or paracellular diffusion. Inhibition of these 

transport mechanism leads to improved urinary excretion of Na
+

, K
+

, Mg
+

, and Ca
2+ 

and associated electrolyte disorders [19]. It 

may be possible that the hyponatremic effect of these drugs might be counteracted by adjunct drugs. However, we strongly 

recommend further study on this combination to confirm the imbalance of serum sodium level.  

Serum Potassium level  

Mean potassium level of the patients distributed with in three age groups separately for male and female was found highest in 

above 40 years of age group for male (4 + 0.91 mmol/l) in G0 treatment phase and for female in GC3 treatment phase which is 

(3.93 +1.12 mmol/l) in same age group. While the lowest values (p < 0.001) for male lies in upto 20 years of age group in GC2 

treatment phase (3.22 + 0.5 mmol/l), and for female it was (3.22 + 0.54 mmol/l) in age group above 40 years at treatment phase 

with significant variation (p < 0.05) GI4 (Table 5).  

Significant variation (p < 0.05, p < 0.01 and p < 0.001) with respect to potassium serum level in group upto 20 years of age was 

found in GI3, GI5, GI6, GI7, GC1, GC2 and GC3 respectively for male patients, while in this age group female showed no 
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variation. In group upto age 40 years, both male and female patients showed a prominent and significant variation (p < 0.05, p < 

0.01 and p < 0.001) almost in all treatment phase except Negative control and GC4 for male and only NC for female patients. A 

serum potassium level in age group above 40 years of male patients showed no significant variation, while that of female patients 

reflect variation (p < 0.05) only in treatment phase GI2 and GI4. 

It is clear from our results that the MDR-TB medication in combination causes a significant (p < 0.05) hypokalemia, which is 

attributed specially to the Amikacin. Now this toxic condition can be minimized or eradicated if some researchers try to find out 

an equipotent and effective antibiotic as substitution for Amikacin. 

  

Table 3: Mean sodium serum level of the tested patients. 
Age  New  Intensive phase Continuation phase  

 G0 GI1 GI2 GI3 GI4 GI5 GI6 GI7 GI8 GC1 GC2 GC3 GC4 

Mean Sodium level in Males of different age group (n=62) 

16. 98 ± 7.37 132.6±6.4** 135.7±4.5 138±3.2 137.7±3.3 137.7±4.7 137.3±7.7 137.6±2.4  136.3±3 138.3±6 137.7±4 136.7±3.6 135.9±4.1 137.4±5.1 

28.23 ±8.59 135.9±4.2 136.5±6.4 137.6±4.6 137.6±4.8 139.1±3.5 138.4±3.7 139.5±3 139±3.5 139±3.9 137.9±6 138.6±3.3 138.7±2.3 139.9±3.5 

55.87 ± 5.34 135.5±7 135.2±6.9 135.5±7 138.2±4.3 137.1±4.6 137±5.2 139±4.1 136.3±9.7 138.5±3.8 138.4±3.32 138±5.1 138.1±4.3 138.3±4.5 

Mean Sodium level in Females of different age group (n=77) 

16. 98 ± 7.37 136.7±3.91 136.8±4.2 137.2±3.9 136.2±5.1 138.5±3.03 138.6±3.7 137.1±5.61 137±4.1 136.5±5.4 138.5±3.5 138.8±4.5 138.7±3.8 138.5±3.6 

28.23 ±8.59 134.8±5.6 137±3.9 135.1±5.2 136.4±4.3 136.7±4.7 136.4±4.6 136.9±3.7 138.3±3.2 137.6±3.8 138±3.1 136.9±4.3 137.6±4.3 137.4±6.5 

55.87 ± 5.34 137.6±8.7 136.4±5.1 136.2±3.91 135.8±5.83 137.9±3.21 136.3±5.1 135.8±6.2 137.8±6.1 136.5±2.83 135.1±4.3 137.7±6.1 138±3.1 136.6±4.2 

Values are reported as mean ± S.E.M. for six group of patients. The data was analyzed by ANOVA followed by Dunnett’s test. Asterisks indicated 
statistically significant values from control. *P < 0.05, **P < 0.01, ***P < 0.001. 

 

Table 4: Mean Potassium serum level of the tested patients. 
Age  NC New Intensive phase Continuation phase 

  G0 GI1 GI2 GI3 GI4 GI5 GI6 GI7 GI8 GC1 GC2 GC3 GC4 

Mean Potassium level of Male in different age group (n=62) 

16. 98 ± 7.37 4.1±0.4 3.7±0.8 3.7±0.41 3.6±0.4 3.54±0.51* 3.65±0.7 3.54±0.5* 3.4±0.53** 3.5±3.8* 3.6±0.5 3.5±0.8* 3.22±0.5*** 3.43±0.4** 3.6±0.5 

28.23 ±8.59 4.2±0.4 3.9±0.6 3.6±0.4*** 3.6±0.61** 3.81±0.7 3.7±0.4* 3.7±0.4*** 3.6±0.44** 3.5±0.53*** 3.6±0.54*** 3.6±0.7** 3.7±0.7** 3.5±0.53*** 3.8±0.5 

55.87 ± 5.34 3.8±0.23 4±0.91 3.5±0.51 3.5±0.61 3.63±0.52 3.6±0.62 3.53±0.61 3.6±0.52 3.6±0.61 3.5±0.53 3.55±0.51 3.6±0.61 3.54±0.61 3.7±0.42 

Mean Potassium level of Female in different age group (n=77) 

16. 98 ± 7.37 3.8±0.26 3.72±0.5 3.7±0.5 3.7±0.7 3.6±0.43 3.7±0.43 3.8±0.51 3.72±0.5 3.7±0.9 3.64±0.32 3.53±0.41 3.42±0.54 3.4±0.42 3.63±0.42 

28.23 ±8.59 4±0.32 3.61±0.7* 3.7±0.6 3.6±0.52** 3.6±0.8* 3.6±0.6** 3.61±0.64* 3.6±0.7* 3.6±0.6* 3.53±0.6** 3.7±0.51 3.6±0.51* 3.6±0.6* 3.6±0.6* 

55.87 ± 5.34 3.91±0.26 3.61±0.68 3.61±0.71 3.3±0.51* 3.32±0.51 3.22±0.54* 3.33±0.51 3.41±0.61 3.4±0.52 3.34±0.51 3.41±0.71 3.51±0.61 3.93±1.12 3.7±0.53 

Values are reported as mean ± S.E.M. for six group of patients. The data was analyzed by ANOVA followed by Dunnett’s test. Asterisks indicated statistically 

significant values from control. *P < 0.05, **P < 0.01, ***P < 0.001. 
 

 

CONCLUSIONS 

 

The study suggests that all the PMDT (Programmatic Management of Drug Resistant Tuberculosis) sites having MDR-TB 

patients should closely be monitored for the electrolyte levels especially those on injectable, and if found unusual, they 

should be corrected accordingly. At the same time the risk factors include acute or chronic diarrhea, vomiting, uncontrolled 

diabetes, Addison’s disease, heat exhaustion, taking a diet inadequate in sodium and potassium specially in old age, kidney 

diseases, Cushing’ syndrome, aldosteronism, loss of body fluids leading to dehydration, excessive alcohol consumption, 

high grade fever and/or concomitant administration of other drugs that cause electrolyte imbalance. The socioeconomic 

conditions of the patients should also be improved and proper counseling of the patient about the sign and symptoms of 

electrolyte imbalance advised.  
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