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Abstract 
Context: Weight-loss supplements are typically natural or herbal supplements that promote weight loss and enhance health. However, the increase in 
consumption results in the fraudulent adulteration of conventional pharmaceutical drugs, such as sibutramine hydrochloride (SHCl). 

Aims: To determine the toxicity of weight loss supplements adulterated with SHCl in rats. 

Methods: Five samples (J1–J5) of weight loss supplements adulterated with SHCl were collected from an online market. The toxicity of the samples was 
evaluated using 42 male Wistar rats for 35 days. The rats were divided into seven groups: control, J1, J2, J3, J4, J5, and SHCl. 

Results: The J1 supplement resulted in the most rapid weight loss in rats compared to the other supplements tested. The kidney and liver weights of rats 
administered weight loss supplements adulterated with SHCl were greater than those of control rats. J1 indicated the supplement with the highest level of 
toxicity. The group administered J1 exhibited the highest levels of toxicity across all evaluated parameters.  

Conclusions: This study confirmed the toxicity of weight loss supplements adulterated with SHCl in rats, contributing to the understanding and treatment of 
adulterated weight loss supplements. Dietary supplements for weight loss should be thoroughly screened for undeclared sibutramine hydrochloride 
adulteration to protect public health and strengthen legal provisions.  
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Resumen 
Contexto: Los suplementos para adelgazar suelen ser complementos naturales o a base de hierbas que favorecen la pérdida de peso y mejoran la salud. Sin 
embargo, el aumento de su consumo provoca la adulteración fraudulenta de fármacos convencionales, como el clorhidrato de sibutramina (SHCl).  

Objetivos: Determinar la toxicidad de los suplementos para adelgazar adulterados con SHCl en ratas. 

Métodos: Se recogieron cinco muestras (J1-J5) de suplementos para adelgazar adulterados con SHCl en un mercado online. La toxicidad de las muestras se 
evaluó con 42 ratas Wistar macho durante 35 días. Las ratas se dividieron en siete grupos: control, J1, J2, J3, J4, J5 y SHCl. 

Resultados: El suplemento J1 provocó la pérdida de peso más rápida en las ratas en comparación con los demás suplementos probados. Los pesos del riñón y 
el hígado de las ratas a las que se administraron suplementos adelgazantes adulterados con SHCl fueron superiores a los de las ratas de control. J1 indicó el 
suplemento con el mayor nivel de toxicidad. El grupo al que se administró J1 mostró los niveles más altos de toxicidad en todos los parámetros evaluados. 

Conclusiones: Este estudio confirmó la toxicidad de los suplementos para adelgazar adulterados con SHCl en ratas, contribuyendo a la comprensión y 
tratamiento de los suplementos para adelgazar adulterados. Los suplementos dietéticos para la pérdida de peso deben ser examinados minuciosamente 
para detectar adulteraciones no declaradas con clorhidrato de sibutramina, con el fin de proteger la salud pública y reforzar las disposiciones legales. 

Palabras Clave: adulteración; hepatotoxicidad; sibutramina clorhidrato; suplementos para adelgazar; toxicidad renal. 
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INTRODUCTION 

Weight loss supplements and proprietary slim-
ming products are frequently plant food supplements 
(PFS) intended to promote weight loss and health 
improvement. The public's reliance on "quick-fix" 
slimming agents is rising as it seeks more straight-
forward weight control methods. Consequently, vari-
ous proprietary products with a purported weight-
loss effect are now on the market. However, to create 
instant pharmacological reactions or enhance the 
supplement's biological action, some products are 
made with the deliberate addition of pharmaceuticals, 
which is called economically motivated adulteration 
(EMA) (Aghahowa et al., 2021; Calahan et al., 2016; 
Momtaz et al., 2023; Nasution and Suyanto, 2022). In 
pharmaceutical adulteration, an active drug, such as 
sibutramine, is added to a purportedly botanical sup-
plement (Firozian et al., 2021; Jairoun et al., 2021). 
These items are frequently advertised as containing 
only natural ingredients, so they are considered safe. 
In addition, they are widely available without pre-
scription and are often inexpensive. 

Sibutramine hydrochloride (SHCl) is added to 
weight-loss dietary supplements because it utilizes 
noradrenaline and serotonin reuptake inhibitors, 
causing increases in the synaptic concentration of 
these neurotransmitters and activating adrenoceptors, 
adrenoceptors, and serotonin receptors. These chemi-
cal effects cause individuals to feel fuller and expend 
more energy, resulting in weight loss (Hayun et al., 
2016; Kaya et al., 2004; Tang et al., 2011). Consuming 
illegal SHCl additives in excessive amounts poses 
additional health risks, and consumers may be una-
ware of what they are taking (Jordan et al., 2010; Ko-
zhuharov et al., 2022). 

Depending on the dosage, the harmful side effects 
of SHCl include dry mouth, headaches, insomnia, 
constipation, hepatitis, psychosis, arrhythmia, and 
severe cardiovascular disturbances (Anyanwu et al., 
2020; Chen et al., 2010; Jung et al., 2006). The most 
significant risk associated with sibutramine is its abil-
ity to increase blood pressure and heart rate; conse-
quently, a large proportion of obese patients also have 
cardiovascular morbidity. These cautions prohibit the 
use of SHCl in obese individuals (Furman, 2007; Nel-
son and Gehlert, 2007; Willson, 2019; Wooltorton, 
2002). All 12 patients developed acute liver injury 
characterized by a significant increase in serum liver 
chemistry values (mean alanine aminotransferase 
level, 1978 U/L [range, 283 to 4074 U/L]) after ingest-
ing the Japanese-marketed Chinese herbal weight loss 
supplements Chaso and Onshido. Two patients de-
veloped fulminant hepatic failure, one of whom re-

quired a liver transplant and the other of whom 
passed away (Adachi et al., 2003).  

The worldwide license permits SHCL use at a dos-
age of 10 to 15 mg per day. However, its commercial 
reach has been restricted due to concerns over cardio-
vascular side effects (Arterburn et al., 2004; Kim et al., 
2016). In March 2002, the Italian regulatory authority 
temporarily halted the market authorization of sibu-
tramine due to 50 adverse reactions, including two 
deaths connected to cardiovascular issues. The Euro-
pean Committee for Proprietary Medicinal Products 
and the Health Sciences Authority (HSA) reported 
that the risk for an adverse cardiovascular out-
weighed any benefit from the weight loss observed 
with the SHCL (HSA, 2023). Due to several safety 
concerns, a consumer group has submitted a petition 
to the Food and Drug Administration (FDA), urging 
them to prohibit the sale of sibutramine in the United 
States. The FDA's Sibutramine Cardiovascular Out-
comes (SCOUT) trial reported that patients treated 
with Meridia (sibutramine) had a 16% higher risk of 
experiencing major adverse cardiovascular events, 
such as non-fatal heart attack, non-fatal stroke, resus-
citation after cardiac arrest, and cardiovascular death, 
compared to patients who were given a placebo 
(FDA, 2018). According to Regulation of BPOM RI 
(Badan Pengawas Obat dan Makanan Republik Indone-
sia/National Agency for Drug and Food Control Re-
public of Indonesia, NADFC RI) No. 19/2021 on the 
Monitoring of Harmful Effects of Traditional Medi-
cines, Curative Drugs, Health Supplements and Cos-
metics, the use of sibutamine is prohibited in Indone-
sia because it causes side effects such as increased 
blood pressure and heart rate and difficulty sleeping 
(BPOM-RI, 2006).  

In light of these facts and the lack of scientific re-
search in this field in Indonesia, this study hypothe-
sized that SHCl-adulterated herbal weight loss sup-
plements sold in Indonesia cause liver and kidney 
toxicity. This study aimed to assess the subacute tox-
icity of the weight loss supplement containing SHCl. 
The findings will aid in establishing the need for 
regulatory bodies to develop a risk assessment mod-
ule for the safety of weight loss supplements.  

MATERIAL AND METHODS 

Collection and preparation of samples 

Five samples (J1-J5) of weight loss supplements 
adulterated with sibutramine hydrochloride (SHCl) 
were collected from an online retailer (Table 1). Tar-
geted sampling was conducted based on a report 
from the Republic of Indonesia's National Agency for 
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Table 1. Listing of treated SHCL-adulterated weight loss supplements according to sample characteristics and prescription label. 

Sample 
code Ingredients Recommended daily 

consumption 

Daily dose for 
woman 
(mg/kg/BW) 

Converted dose from 
human to rats 
(mg/kg/BW)* 

J1 Glycyrrhizae radix 150 mg, Guazuma folium 150 
mg, Parameria barbta 50 mg, Grategi fructus 100 
mg, Punica granatum 50 mg 

3x1 a day  120 2.16 

J2 White kidney bean extract, Garcinia cambogia 
and L-carnitine. 

1-2 capsules a day after 
lunch/dinner 

80 1.44 

J4 Green coffee extract, chlorogenic acid, caffeine, 
polyphenol, quinic acid, cellulose, Etc. 

2x1 capsules before lunch 
and dinner 

38 0.68 

J5 Shell and crab shell extract: chitin. 2x1 a day  80 1.44 

J6 Undeclared 1-2 capsules a day after 
lunch/dinner 

80 1.44 

SHCl Sibutramine HCl 15 mg 2x1 a day  80 1.44 

*The conversion factor from humans to rats was 0.018. 

 
Drug and Food Control (BPOM-RI)(BPOM-RI, 2018) 
regarding adulteration in traditional medicine sold in 
Indonesia. 

The capsules were homogenized using a mortar, 
pestle, and grinder to create fine powders. The ho-
mogenized substance was then used to prepare sam-
ples. The powders were homogenized and then in-
corporated into the treated weight loss supplement by 
stirring with a homogenizer. 

Experimental animals 

Male Wistar rats with a body weight range of 179 
± 4 g were used in this study. Each rat was acclimated 
for one week in an environmentally controlled room 
at an ambient temperature of 25°C, 50 ± 10% humidi-
ty, air ventilation of 10~15 times/h, and a light/dark 
cycle of 12 h in cages. Throughout the experiment, 
they had unrestricted access to regular food and wa-
ter. The animal study protocol was approved by the 
Institutional Review Board (or Ethics Committee) of 
the Faculty of Medicine, Universitas Islam Sultan 
Agung (Ethical Clearance No. 282/VIII/2021/Komisi 
Bioetik and date of approval on 30 August 2021). 

The 42 male rats were randomly divided into sev-
en groups of six. The control group was administered 
aquadest as the treatment solvent, which was consid-
ered a negative control. Five weight loss supplements 
adulterated with sibutramine samples were adminis-
tered to groups J1 through J5; the SHCl group served 
as a positive control. The dose of each supplement 
listed in Table 1 was administered orally once daily 
for 35 consecutive days. Throughout the study period, 
weekly body weight measurements were taken. Body 

weight change was calculated from the differences 
between the initial treatment (day 1) and final treat-
ment (day 36).  

Determination of biochemical and organ weight 
parameters 

After the experiment, the rats were transferred to 
individual metabolic cages, urine was collected on ice 
in 50 mL polypropylene tubes containing 1 mL of 1% 
sodium azide, and the urine pH was measured. Blood 
samples were drawn from the orbital sinus using 
heparinized tubes for hematological analyses and 
non-heparinized tubes for serum separation via cen-
trifugation at 3000 rpm for 10 minutes and then used 
for biochemical analyses. 

We used a clinical chemistry analyzer (HITACHI 
7020) and an assay kit for each enzyme to measure the 
levels of aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), uric acid, albumin, bilirubin, 
creatinine, alkaline phosphatase (ALP), and gamma-
glutamyl transferase (GGT) in the blood. 

Animals were sacrificed under light anesthesia of 
ether. The weights of the organs (liver and kidneys) 
were recorded following the sacrifice. 

Statistical analysis 

Data were expressed as means ± SD. Statistical 
analyses and the comparison of means were evaluat-
ed using ANOVA (Tukey’s test). The differences were 
considered statistically significant at p<0.05. Analyses 
were performed with GraphPad Prism version 8.3.1 
(332) (San Diego, CA, USA). 
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Table 2. Body weight changes, kidneys, and liver weight of control and treatment groups after five weeks of sibutramine-adulterated 
weight loss supplements. 

Group Body weight changes (g) Liver (g) Right kidney (g) Left kidney (g) 

Control 34.50 ± 1.05 6.20 ± 0.48 0.68 ± 0.05 0.68 ± 0.05 

J1 22.83 ± 1.47 7.80 ± 0.56 0.75 ± 0.03 0.75 ± 0.03 

J2 22.50 ± 1.05 7.50 ± 0.87 0.82 ± 0.05 0.82 ± 0.05 

J3 22.67 ± 1.03 7.67 ± 0.44 0.85 ± 0.03 0.86 ± 0.03 

J4 23.17 ± 0.75 7.02 ± 0.08 0.83 ± 0.03 0.83 ± 0.04 

J5 22.17 ± 1.33 7.06 ± 0.11 0.78 ± 0.07 0.82 ± 0.05 

SHCL 22.83 ± 1.47 7.98 ± 0.52 0.79 ± 0.04 0.79 ± 0.04 

 
RESULTS 

Body weight changes and organ weight 

The body weight change of rats treated with the 
five samples (J1-J5) of weight loss supplements adul-
terated with sibutramine was significantly different 
(p<0.05) from the control group but not significantly 
different (p>0.05) to the SHCL group as the positive 
control (Table 2). The administration of sibutramine-
adulterated weight loss supplements for 35 days led 
to a significant increase in kidney and liver weight 
compared to the control group. However, kidney and 
liver weight did not significantly differ (p>0.05) be-
tween the treated sibutramine-adulterated supple-
ment (J1-J5) and sibutramine hydrochloride (SHCl) 
groups. 

Biochemical parameters for liver toxicity 

Compared to the control group, rats treated with 
sibutramine-adulterated weight loss had significantly 
elevated levels of all biomarkers of liver toxicity test-
ed. The levels of aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), alkaline phosphatase 
(ALP), and gamma-glutamyl transferase (GGT) were 
significantly increased by J1 and J2 (Fig. 1). 

Biochemical parameters for kidney toxicity 

Concerning uric acid levels, the rats treated with 
sibutramine HCl-adulterated weight loss supple-
ments showed a significant increase compared to the 
control group, while the urine pH decreased. Similar-
ly, administration of sibutramine at a dose of 1.44 
mg/kg BW/day did not result in a statistically signif-
icant difference (p>0.05) in urine pH values (Fig. 2). 

In rats treated with sibutramine HCl-adulterated 
weight loss supplements, the levels of creatinine and 
urea increased (Fig. 3a-b). Concerning albumin levels, 
all groups of rats treated with the five samples of 
sibutramine HCl-adulterated weight loss supplement 
showed a significant decrease compared to the control 
rats (Fig. 3c). J1 and J2 significantly increased T-

bilirubin levels compared to the sibutramine HCl 
drug (Fig. 3d). 

DISCUSSION 

Sibutramine hydrochloride (SHCl), N-{1-[1-(4-
chlorophenyl)cyclobut-yl]-3-methylbutyl}-N,N-dime-
thylamine hydrochloride monohydrate (C17H26 

ClN·HCl·H2O) that decreases appetite and increases 
metabolism, represent significant advances in the 
pharmacological treatment of obesity. SHCl, on the 
other hand, inhibits the neuronal uptake of serotonin 
and norepinephrine and acts centrally to control ap-
petite (Nisoli and Carruba, 2000). The Republic of 
Indonesia's National Agency for Drug and Food Con-
trol (BPOM-RI) reported that SHCl has been illegally 
adulterated with natural herbal medicines and dietary 
supplements for weight loss. Although products that 
contain sibutramine have been banned, they can be 
easily purchased online. This study examined the 
hepatotoxicity and liver toxicity effect of sibutramine 
HCl in rats treated with adulterated products.  

Hepatotoxicity is one of the most frequent treat-
ment-related changes in experimental animals be-
cause the liver is the major organ involved in the me-
tabolism of xenobiotics. In addition, the induction of 
liver drug-metabolizing enzymes results in liver hy-
pertrophy to increase metabolic capacity. Based on 
the findings in the body weight changes and the sig-
nificant increase in the organ weights (Table 1). The 
rise in liver and kidney weight is due to the increase 
in the average size of the hepatocytes (hepatocellular 
hypertrophy) and even hepatic enzyme induction 
(Ennulat et al., 2010; Hall et al., 2012) caused by con-
sumption of the products. 

The biochemistry of liver parameters was meas-
ured to determine whether increases in hepatic-
derived enzymes accompany hypertrophy. It is well 
known that serum aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), alkaline phosphatase 
(ALP) and gamma-glutamyl transferase (γ-GT) are 
well-established biochemical markers used for clinical 
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Figure 1. Effects of subacute oral administration of 
sibutramine-adulterated weight loss supplements 
on the liver toxicity biochemistry parameters in rat 
serum, including (a) AST levels, (b) ALT levels,        
(c) ALP levels, and (d) gamma-glutamyl transferase 
(γ-GT).  
ns: nonsignificant; ∗p< 0.05; ∗∗p<0.01; ∗∗∗p< 0.001; and 
∗∗∗∗p<0.0001 among the compared groups. 

 
 

 

Figure 2. Effects of subacute oral 
administration of sibutramine-adulterated 
weight loss supplements on kidney 
toxicity biochemistry parameters in rats, 
including (a) uric acid levels in blood 
serum and (b) urine pH.  
ns: nonsignificant; ∗p<0.05; ∗∗p<0.01; 
∗∗∗p<0.001; and ∗∗∗∗p< 0.0001 among the 
compared groups. 

 
diagnosis of liver damage, particularly hepatobiliary 
damage, in humans and animals of liver diseases 
(Arneson and Brickell, 2007; Guyton and Hall, 2011; 
Yokoyama et al., 2019; Zou et al., 2020). This study 
found deleterious changes in the AST, ALT, ALP, and 
 γ-GT of treated rats (Fig. 1), indicating a hepatotoxici-
ty effect due to the SHCl-adulterated weight loss 

supplement consumption. Chounta et al. (2005) re-
ported a case of sibutramine-induced liver injury in a 
47-year-old woman who presented with a 1-month 
history of pruritus, fatigue, weakness, and dark urine, 
beginning two weeks after initiating sibutramine. 
Nevertheless, no underlying mechanism was pro-
posed. 
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Figure 3. Effects of oral administration of sibutramine-
adulterated weight loss supplements on kidney toxicity 
biochemistry parameters in rat serum, including (a) creatinine, 
(b) urea, (c) albumin, and (d) T-bilirubin.  
ns: nonsignificant; ∗p< 0.05; ∗∗p< 0.01; ∗∗∗p< 0.001; and ∗∗∗∗p< 0.0001 
among the compared groups. 

 

In addition, this study demonstrates the kidney 
toxicity caused by 35 days of rat consumption of 
SHCl-adulterated slimming supplements (J1–J5). In 
all treatment groups, the pH of the kidney's urine 
decreased, but this was inversely proportional to uric 
acid levels. Serum levels of creatinine, urea, and T-
bilirubin, which are biomarkers of kidney damage 
(Gowda et al., 2010; Jonker et al., 2012), were signifi-
cantly increased by the consumption of sibutramine 
HCl-adulterated weight loss supplements, whereas 
albumin levels decreased. Changes in biomarkers of 
kidney damage were more pronounced in J1 and J2 
rats, indicating that they were as toxic as sibutramine 
hydrochloride. These findings suggest that dietary 
supplements containing sibutramine HCl may cause 
renal cell damage and glomerular filtration dysfunc-
tion in rats, as indicated by changes in kidney damage 
biomarkers in the kidney or urine. Uncertainty sur-
rounds the mechanism underlying the nephrotoxicity 
of PS. Further research on nephropathy with mecha-
nistic and specific kidney toxicity biomarkers may 
explain.  

In contrast to the findings of Schoor (2014), who 
reported that a 28-day administration of 1.32 mg/kg 
(low dose) and 13.2 mg/kg (high dose) did not affect 
the biochemical data of liver and kidney function in 
rats, this study found a significant effect. Sibutramine 
was more teratogenic than ephedrine, according to in-
ovo teratogenic tests conducted with chick embryos. 
In addition, sibutramine causes cardiac dystrophy 
and liver steatosis in embryos, resulting in severe 
liver and heart damage (van der Schoor, 2014). Un-
derstanding the mechanisms underlying the patho-
genesis of these findings is a crucial area for future 
research. 

This study demonstrated the toxicity of sibu-
tramine-chloride-adulterated weight loss supple-
ments collected from Indonesian online retailers, 
which did not correspond to the ingredients listed on 
their labels in most instances. This result was con-
sistent with those (Fard and Akhgari, 2018), who re-
ported that 23 percent of 80 samples of herbal sexual 
enhancer drugs contained sildenafil; therefore, regu-
lar analysis of herbal purported medicines is neces-
sary for more effective quality control and health 
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promotion. To protect the consumers, the present 
study's findings demonstrate the importance of vigi-
lance and the implementation of good manufacturing 
practices in Indonesian herbal products for weight 
loss. 

CONCLUSION 

Our study reveals that a weight loss supplement 
containing sibutramine that was administered orally 
to rats for five weeks caused liver and kidney toxicity. 
Weight loss supplements should be thoroughly 
screened for undeclared sibutramine hydrochloride 
adulteration to protect public health and strengthen 
legal provisions. 
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