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Background: Rhabdomyolysis is caused by the release of enzymes from skeletal muscles into 
the blood, which leads to systemic complications with diverse etiologies. This study evaluated 
the serum aminotransferases in patients with rhabdomyolysis following acute intoxication with 
either psychotropic drugs or other chemical agents.

Methods: This study randomly recruited 140 patients suffering from rhabdomyolysis. They 
were divided into two groups affected by either psychotropic drugs or chemical agents. 
Rhabdomyolysis was defined as having serum creatine kinase (CK) levels greater than 250 
U/L, based on the poisoning severity score. 

Results: On day 1, the CK/AST correlation was significantly stronger in the psychotropic 
than the chemical group (P=0.0009). On day 5, patients in the psychotropic group had 
significantly higher AST (P=0.0138) and ALT (P=0.0129) than those poisoned with other 
chemicals. The difference in the strength of the CK/ALT correlation between the two groups 
was insignificant. Between the two groups, the differences between the CK levels and the 
following serum parameters were insignificant: Alkaline phosphatase; gamma-glutamyl 
transferase; prothrombin time; total bilirubin; and albumin.

Conclusion: The elevated aminotransferases in patients with rhabdomyolysis due to acute 
psychotropic toxicity might have resulted from the skeletal muscle injury rather than 
hepatotoxicity. In rhabdomyolysis patients poisoned with other chemicals, the elevated serum 
aminotransferases are likely due to liver toxicity arising from the consumed substances. These 
patients are likely to manifest clinically severe long-term multi-organ failure. Intoxications 
with typical agents, such as herbicides, petroleum distillates, and corrosives were responsible 
for the rhabdomyolysis in the second group.
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Introduction

habdomyolysis is a clinical entity char-
acterized by the release of intracellular 
enzymes from skeletal muscles into the 
bloodstream that leads to systemic com-

plications [1, 2]. The etiology of skeletal muscle injury 
is quite diverse, including excessive muscle stress and 
ischemia, genetic defects, and direct toxic or physical 
damages [3]. In the past, the common causes of acute 
rhabdomyolysis were crush injuries during wartime 
and natural disasters [4]. More recently, as reported by R
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a published series, drugs and alcohol have become the 
frequent causative agents in over 80% of rhabdomyoly-
sis cases [5]. The clinical manifestations of this condi-
tion include muscle pain, weakness, dark, tea-colored 
urine (pigmenturia), and biochemical serum finding with 
marked elevation of serum creatine kinase (CK), 5-10 
times greater than its upper level in normal sera [6]. The 
most severe complications of rhabdomyolysis are com-
partment syndrome, electrolyte disturbance which may 
cause arrhythmia or cardiac instability, acute kidney in-
jury, and disseminated intravascular coagulation [7, 8].

Serum aminotransferases, such as aspartate amino-
transferase (AST) and alanine aminotransferase (ALT), 
are considered the representative markers of liver cells 
necrosis in patients with acute or chronic hepatitis. When 
hepatotoxic events occur, the damage to hepatocytes 
and their increased cell membranes permeability may 
contribute to the intravascular spread of the enzymes 
released from hepatocytes, which reflects a liver inflam-
matory condition [9]. 

Aim of the study: Given the absence of published lit-
erature similar to this article, we planned to compare and 
contrast the serum aminotransferase levels in patients 
with rhabdomyolysis secondary to acute intoxication 
with either psychotropic or chemical substances.

Materials and Methods

This clinical trial was conducted in 2019 at the Univer-
sity Clinic for Toxicology in Skopje, Republic of North 
Macedonia. As a prospective study, we recruited 140 pa-
tients with rhabdomyolysis, and divided them into two 
groups, depending on the toxic substance consumed by 
them.

Patients grouping and inclusion criteria: Patients 
were divided into two groups based on the following in-
clusion criteria:

• Group 1: Patients poisoned with psychotropic agents, 
e.g. heroin and methadone.

• Group 2: Patients intoxicated with other chemical 
agents. 

Rhabdomyolysis was defined as a creatine kinase 
(CK)>250 U/L according to the poisoning severity score 
(PSS). We included adult patients at ages of 18 and older 
with rhabdomyolysis in the study. They had been acutely 
intoxicated with either psychotropic or chemical sub-

stances within the 48 hours prior to admission into the 
hospital. 

Exclusion criteria: We excluded patients with myo-
cardial infarction, acute and chronic hepatitis B and C, 
and other hepatic impairments, based on the medical his-
tory. The study was approved by the Ethics Commission 
of the Faculty of Medicine, Ss. Cyril and Methodius at 
the University of Skopje, Republic of North Macedonia.

Statistical analyses: The study data were analyzed 
with SPSS software, version 22. The quantitative data 
were analyzed in series, using central tendency (mean 
and median) and dispersion measures (standard devia-
tion and IQR). Mann Whitney U test was used to com-
pare the averaged values, based on the data distribution. 
Spearman’s correlation coefficients were used to deter-
mine the relationship among the numerical variables. 
The statistical significance was set at P<0.05. 

Results

A total of 1446 patients with diagnoses of acute in-
toxications were treated during the study period at the 
University Clinic for Toxicology in Skopje, Republic 
of North Macedonia. Of the total number, 140 patients 
had developed rhabdomyolysis. Ninety-six (68.6%) 
patients with rhabdomyolysis had been poisoned with 
psychotropic drugs (Group 1), while the other 44 indi-
viduals (31.4%) had consumed chemical agents (Group 
2). Intoxications with psychotropic substances were sig-
nificantly more frequently seen among the patients than 
those poisoned with chemical substances.

On average, the male patients were about four years 
younger than the female ones (40.8 Vs 44.1); however, 
the age difference between the two groups was statisti-
cally insignificant based on Mann-Whitney U test. In 
total, 60% of the patients had increased AST levels. In 
Group 1, 43% had increased AST levels, while in Group 
2, the corresponding number was 17%. 

AST levels in group 1: The highest AST levels in 
Group 1 were as follows: 

a) Heroin (N=5/4/4) with the median IQR being 823 
(226-1052) vs. 415 (130.5-797.5) vs. 93.5 (68-232.5) 
U/L; and, b) Methadone (N=15/11/8) with the median 
IQR being 242 (76-845) vs. 420 (98-830) vs. 285 (128-
531) U/L.

AST levels in group 2: The highest AST levels in 
Group 2 were: 
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a) Herbicides (N=3/2/1) with the median IQR being 
71.7 (30-1427) vs. 1216.3 (52-2380) vs. 41 U/L; and, 
b) petroleum distillate (N=1/1/1) with the median IQR 
being 907 U/L vs. 973 vs. 194 U/L. Further, we consis-
tently found high values for these agents over the three 
measurements taken on days 1, 3 and 5 (Tables 1 and 2).

ALT levels in group 1: The highest ALT levels in 
Group 1 were as follows: 

a) Heroin (N=5/4/4) with the median IQR being 276 
(66-385) Vs. 433 (141-1411) Vs. 204.5 (99.5-638) U/L; 
and, b) Methadone (N=15/11/8) with the median IQR 
being 176.8 (33-632) Vs. 157 (50-529) Vs. 172 (122-
563) U/L. 

ALT levels in group 2: The highest ALT levels in 
Group 2 were: 

a) Herbicides (N=3/2/1) with the median IQR being 
540.8 (21-5229.8) Vs. 2108 (357-3858.9) Vs. 280 U/L; 
and, b) Petroleum distillate (N=1/1/1) with the median 
IQR being 277 U/L. Further, we consistently found high 
values for these agents over the three measurements 
taken on days 1, 3 and 5.

Other lab parameters: In groups 1 and 2, 75% of 
the patients’ serum levels for the following laboratory 
parameters: Alkaline phosphatase-AP (pNPP), Gamma-
glutamyltransferase-GGT (IFCC), total bilirubin, al-
bumin, and prothrombin time were within the normal 
reference ranges. Also, we found no significant differ-
ences between the two groups on the first day for their 
lab values of AP, GGT, total bilirubin, albumin, and pro-
thrombin time (Tables 3 and 4).

Correlations of CK, AST & ALT: The correlations 
between the levels of CK and AST on the first day were 
as follow: 

a) Group 1: Significantly positive (R=0.798; 
P=0.0001). With an increase in the CK levels, that of 
AST also increased significantly.

b) Group 2: Significantly positive (R=0.438; P=0.003). 
With an increase in the CK levels, that of AST also in-
creased significantly. The CK/AST correlation was sig-
nificantly stronger in Group 1 than in Group 2 on the 
first day (P=0.0009) (Table 5).

Table 1. Patients with rhabdomyolysis by type of intoxication and AST level at three times

AST N Mean±SD Min Max
Percentiles

25th 50th 

(Median) 75th

Da
y 

1

Psychotropic 96 210.16±428.12 13.30 2761.00 27.10 41.30 98.95

Chemical 44 123.69±272.90 16.90 1427.00 25.91 35.80 66.55

Total 140 182.98±387.21 13.30 2761.00 26.94 38.81 83.00

Mann-Whitney U Test: Z=1.0212; P=0.3072

Da
y 

3

Psychotropic 60 242.05±349.17 16.00 1939.00 39.00 84.50 301.50

Chemical 30 201.65±459.97 27.34 2380.00 38.00 49.76 93.00

Total 90 228.58±387.47 16.00 2380.00 39.00 70.50 221.00

Mann-Whitney U Test: Z=1.5877; P=0.1123

Da
y 

5

Psychotropic 39 156.74±169.16 17.00 678.00 41.00 84.00 187.00

Chemical 23 71.68±71.05 13.00 325.00 28.00 49.88 88.00

Total 62 125.18±146.16 13.00 678.00 35.47 71.50 145.00

Mann-Whitney U Test: Z=2.4629; P=0.0138*

Days 1/3/5: Friedman test: N=62, Chi-Square=43.538, df=2, P=0.0001*; Days 3/5: Wilcoxon Signed ranks test: Z=-5.283, 
P=0.0001*; Days 3/1: Wilcoxon signed ranks test: Z=1.036, P=0.300; Days 5/1: Wilcoxon signed ranks test: Z=1.872, P=0.061.

*Statistical significance at P<0.05, AST reference: 10-34 U/L
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In Group 1, there was a moderate but significant cor-
relation between the CK and ALT levels on the first day 
(R=0.355; P=0.0001). With an increase in the CK level, 
that of ALT also increased significantly. 

In Group 2, we found no significant correlation for 
these variable (R=0.091; P=0.003). With an increase 
in the CK levels, the ALT increased insignificantly, and 
there was an insignificant correlation for the differenc-
es between the CK and ALT levels in the two groups 
(P>0.05) (Table 5). Also, there were insignificant corre-
lations for the differences among the CK/AP, CK/GGT, 
CK/prothrombin time, CK/total bilirubin, and CK/albu-
min between the two groups (P>0.05) (Table 5).

Discussion

In this study, 60% of the intoxicated patients with rhab-
domyolysis had increased serum AST levels. The per-
centage consisted of 43% in Group 1 and 17% in Group 
2. A retrospective study by Weibrecht et al. reported el-
evated AST in 93.1% of the patients with rhabdomyoly-
sis and elevated ALT in 75.0% of the patients with serum 
creatine kinase ≥1000 U/L [10]. The discrepancy might 

be associated with different etiology responsible for the 
rhabdomyolysis. We found that AST and ALT were sig-
nificantly higher on day 5 compared to those on day 3 but 
insignificantly higher than those documented on day 1. 

Alanine aminotransferase (ALT) is normally found in 
greater concentrations in the liver than in the heart and 
skeletal muscles, and kidneys. Therefore, it is useful in 
the diagnosis of liver disease. The activity of aspartate 
aminotransferase (AST) in men is usually the highest in 
cardiac muscles followed by liver and skeletal muscles, 
while it is also detectable in the brain and kidneys [11]. 
The serum ALT level is used as an early marker in the 
assessment of various liver diseases [12]. However, the 
exact mechanism of hepatocellular damage in this syn-
drome is not well understood. To differentiate whether 
elevated AST and ALT are only attributed to muscle in-
jury or to a concomitant liver damage, we analyzed the 
prothrombin time, the serum bilirubin and albumin lev-
els. Our results demonstrated that in 75% of the patients 
intoxicated with psychotropic and chemical substances, 
such as AP, GGT, TB, AL, and PT, the values were with-
in the normal reference limits. 

Table 3. Patients with rhabdomyolysis by type of intoxication and ALT levels at three times

ALT N Mean±SD Min Max
Percentiles

25th 50th

(Median) 75th

Da
y 

1

Psychotropic 96 155.17±452.09 8.08 3426.00 19.32 27.00 63.00

Chemical 44 187.04±786.06 10.75 5229.84 19.29 26.00 60.40

Total 140 165.18±575.37 8.08 5229.84 19.29 26.00 62.40

Mann-Whitney U Test: Z= -0.1908; P=0.8487

Da
y 

3

Psychotropic 60 239.95±786.31 13.00 5698.54 28.00 46.00 128.00

Chemical 30 216.27±700.82 11.49 3858.90 23.00 39.50 68.00

Total 90 232.06±755.01 11.49 5698.54 27.00 43.50 113.00

Mann-Whitney U Test: Z=1.0699; P=0.2847

Da
y 

5

Psychotropic 39 230.04±633.72 12.00 3911.00 32.00 79.00 150.00

Chemical 22 71.80±85.66 20.00 280.00 24.17 30.50 60.00

Total 61 172.97±512.63 12.00 3911.00 30.00 51.00 141.00

Mann-Whitney U Test: Z=2.4857; P=0.0129*

Days 1/3/5: Friedman test: N=62, Chi-Square=43.538, df=2; P=0.0001*; Days 3/5: Wilcoxon signed ranks test: Z=-3.125, P=0.002*; 

Days 3/1: Wilcoxon signed ranks test: Z=-0.467, P=0.641; Days 5/1: Wilcoxon signed ranks test: Z=0.839, P=0.401.

*Significantly for P<0.05; ALT reference: 10-45 U/L
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Table 4. Patients with rhabdomyolysis by type of intoxication and the levels of selected parameters

Type of 
Intoxication

Day 1

(N) Mean±SD Min Max
Percentile

25th 50th

(Median) 75th

AP

Psychotropic 96 65.20±21.07 31.00 140.00 50.48 62.00 77.50

Chemical 44 72.95±33.56 33.00 190.95 48.66 67.05 85.50

Total 140 67.63±25.78 31.00 190.95 50.48 65.00 78.85

Z=-0.9785; P=0.3278

GG
T

Psychotropic 96 35.69±26.41 5.29 186.00 17.50 28.00 44.37

Chemical 44 50.63±56.35 8.80 284.85 19.50 28.00 54.00

Total 140 40.38±38.82 5.29 284.85 18.00 28.00 47.29

Z=-0.6576; P=0.5108

TB

Psychotropic 96 12.41±11.33 3.00 86.00 6.84 10.60 14.00

Chemical 44 17.13±20.67 3.58 123.60 7.38 11.00 17.50

Total 140 13.91±15.02 3.00 123.60 6.90 11.00 14.04

Z=-1.0687; P=0.2852

DB

Psychotropic 95 5.83±5.12 0.09 39.80 3.00 4.70 7.00

Chemical 44 8.49±15.77 1.40 97.39 3.00 4.28 8.00

Total 139 6.67±9.84 0.09 97.39 3.00 4.66 7.32

Z=-0.1449; P=0.8848

TP

Psychotropic 95 5.83±5.12 0.09 39.80 3.00 4.70 7.00

Chemical 44 8.49±15.77 1.40 97.39 3.00 4.28 8.00

Total 139 6.67±9.84 0.09 97.39 3.00 4.66 7.32

Z=-0.3999; P=0.6899

AI

Psychotropic 95 42.76±5.15 26.00 54.55 40.00 43.00 46.00

Chemical 43 43.01±6.50 25.65 56.85 40.00 43.19 48.00

Total 138 42.83±5.58 25.65 56.85 40.00 43.00 46.72

Z=-0.2873; P=0.2877

PT

Psychotropic 22 13.66±3.34 9.00 24.00 11.90 12.61 14.05

Chemical 16 13.94±4.35 9.81 24.70 11.60 12.05 14.35

Total 38 13.78±3.75 9.00 24.70 11.76 12.56 14.20

Z=0.5469; P=0.5844

Abbreviations: AP (pNPP):Alkaline phosphatase –ref. values: 38-126 U/L; GGT: Gamma-glutamyl transferase –ref. values: 
9-64U/L; TB: Total bilirubin – ref. values: 6.8-20.5 µmol/L; DB: Direct bilirubin – ref. values:1.5-6.8 µmol/L; TP: Total protein 
– ref. values: 63-83 g/L; Al : Albumin - ref. values: 35-50 gl/L; PT: Prothrombin time–ref. value 9.8-14.2 sec; Mann-Whitney U 
Test: Z. 

*Significance at P<0.05.
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Based on our results, the CK/AST correlation on day 
1 was significantly stronger in Group 1 than Group 2 
patients. The difference in the strength of the CK/ALT 
correlation between the two groups was not significant. 
Patients with elevated aminotransferases had moderately 
to severely developed rhabdomyolysis if they had been 
intoxicated with psychotropic substances. In these pa-
tients, the serum aminotransferases were elevated if they 
did not suffer a severe liver disease, and the serum AST 
values were usually higher than those of ALT levels. 
This suggests that extra-hepatic causes (i.e. skeletal mus-
cle damage) may be a significant source of elevated AST 
and ALT in patients with rhabdomyolysis, secondary 
to acute intoxication with psychotropic agents. Despite 
these findings, concurrent liver injury as an additional 
source of AST or ALT elevation could not be ruled out.

There are scarce studies addressing rhabdomyolysis 
and the association with the serum levels of CK, AST 
and ALT. A study addressing this topic followed 44 boys 
and girls who performed exercises on treadmill [13]. 
In that study, the serum ALT and AST significantly in-
creased at 24 and 48 hr along with increases in CK and 
LDH. The effects were more pronounced in boys than in 
girls. It has been demonstrated that prospective clinical 
studies provide stronger evidence than case reports since 
they include otherwise healthy individuals with normal 
data for their baseline biochemical variables. Based on 
the findings reported by another study [10], AST con-
centrations paralleled the decline of CK levels during the 
first six days of hospitalization due to acute rhabdomy-
olysis. It was assumed that ALT concentrations dropped 
slower because of its longer serum half-life (47 Vs. 17 
hours for AST) [10]. 

In rhabdomyolysis, isolated elevations of alanine ami-
notransferase may occur, and it may be expected that 
the increased level is linked to the peak creatine kinase 
[14]. Aminotransferases return to normal levels when the 
CK level is also normalized after treatment in 85% of 
patients [15]. In the current study, most of the patients 
in Group 2 showed elevated serum aminotransferases, 
but they manifested mild to moderate rhabdomyolysis, 
depending on their serum CK levels. In certain chemi-
cal intoxications, elevated aminotransferases are primar-
ily due to hepatotoxic effects of the consumed toxins, or 
intoxication with herbicides, corrosive agents, and toxic 
gases usually develop manifestations of severe multior-
gan syndromes, including liver failure. 

The extent of hepatotoxicity in herbicides poisoning is 
not clear as increases in serum aspartate, alanine amino-
transferase and lactic dehydrogenase have not been char-
acterized based on specific isoenzymes. Such toxicities 
may instead reflect skeletal or cardiac muscle injuries 
[16, 17]. In severe poisonings with corrosive agents, the 
reason for the elevated transaminases is probably due to 
poor perfusion and ischemic hepatitis, i.e. liver shock. 
Elevated liver enzymes have also been reported follow-
ing ingestion and intravenous injection of petroleum 
distillates [18]. The exact mechanism of hepatotoxicity 
after such intoxications is poorly understood.

Conclusions

Elevated aminotransferases in rhabdomyolysis due to 
acute intoxication with psychotropic substances might be 
indicative of skeletal muscle injury rather than damage 
to hepatocytes. In patients with rhabdomyolysis who are 

Table 5. Correlation between CK and select laboratory parameters

Parameters
CK–Spearman’s Rank Order Correlations

P1

Psychotropic Agent Chemical Agent Total

AST R (96)=0.798; P=0.0001* R (44)=0.438; P=0.003* R (140)=0.756; P=0.0001* P=0.0009*

ALT R (96)=0.355; P=0.0001* R (44)=0.091; P=0.559 R (140)=0.2351; P=0.005* P=0.1354

AP (pNPP) R (96)=0.277; P=0.064 R (44)=0.054; P=0.726 R (140)=0.169; P=0.065 P=0.2191

GGT R (96)=0.305; P=0.279 R (44)=0.147; P=0.342 R (140)=0.278; P=0.271 P=0.1296

Prothrombin time R (22)=-0.197; P=0.379 R (16)=-0.12; P=0.655 R (38)=-0.156; P=0.343 P=0.8471

Total bilirubin R (95)=0.051; P=0.630 R (44)=0.053; P=0.732 R (139)=0.021; P=0.810 P=0.9915

Albumin R (95)=-0.144; P=0.163 R (43)=-0.052; P=0.742 R (138)=-0.117; P=0.172 P=0.6235

Abbreviations: AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; AP (pNPP): Alkaline phosphatase; GGT:  
Gamma-glutamyl transferase. P1: Z-statistics, *Significance at P<0.05.
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acutely intoxicated with chemical substances, elevated 
aminotransferases are either due to hepatotoxic effects 
of the substances or may accompany a severe clinical 
presentation with multiorgan failure. Intoxications with 
herbicides, petroleum distillates and corrosive agents are 
the typical etiologic agents.
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