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Abstract 

Background The use of conventional medical therapies has proven to have many setbacks and safety concerns that 
need further improvement. However, herbal medicine has been used for over 2000 years, and many studies have 
proven the use of herbs to be effective and safe. This article discussed the efficacy of different herbal products used in 
the management of obesity. To evaluate the efficacy of seven herbal-based weight loss products currently available 
on the Palestinian market, using in vitro assays to screen for antioxidants, anti-amylase, and anti-lipase effects for each 
product.

Method Pancreatic lipase and salivary amylase inhibitory activities, as well as antioxidant analysis, were tested in vitro 
on a variety of herbal products. Then the  IC50 was measured for each test.

Results The anti-lipase assay results,  IC50 values in (μg/mL) of each of the seven products (Product A, product B, 
product C, product D, product E, product F, and product G) were 114.78, 532.1, 60.18, 53.33, 244.9, 38.9, and 48.97, 
respectively. The  IC50 value for orlistat (Reference) was 12.3 μg/ml. On the other hand, the  IC50 value for alpha amylase 
inhibition of the seven products (Product A, product B, product C, product D, product E, product F, and product F) 
were 345.93, 13,803.84 (Inactive), 73.79, 130.91, 165.95, 28.18, and 33.11 μg/ml respectively, while acarbose (Refer-
ence) was 23.38 μg/ml. The antioxidant activity  (IC50 values) for the seven products (Product A, product B, product C, 
product D, product E, product F, and product F) were 1258.92, 707.94, 79.43, 186.20, 164.81, 17.53, and 10.47 μg/ml 
respectively. While the  IC50 value for Trolox was 2.70 μg/ml.

Conclusion It can be concluded that the seven products showed varied anti-lipase, anti-amylase, and antioxidant 
effects. However, products F and G showed superiority in all categories.
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Background
Obesity, or corpulence, is one of the most serious global 
public health challenges of the twenty-first century [1–
3]. It’s an intricate disease that involves an uncontrolled 

amount of fat [4]. This medical issue increases the risk 
of many health problems that are considered the major 
causes of death and morbidity [5, 6]. Lately, the world of 
the pharmaceutical industry has been taking an interest 
in obesity and all its comorbid diseases, including cardio-
vascular and cerebrovascular, all of which are considered 
serious life threats that require immediate, effective, and 
safe therapies to be managed [7, 8].

Commonly, corpulence is a result of genetic, behavio-
ral, physiological, and environmental factors combined 
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with an individual’s diet and physical activity [9, 10]. Gen-
erally, the diet would include a huge number of calories 
from sugary, and fatty meals that could only be burned off 
through intense exercise [11]. The remaining calories will 
be stored in the body in the form of fat. People suffering 
from obesity are more likely to develop heart disease and 
strokes, type 2 diabetes, digestive problems, sleep apnea, 
osteoarthritis, severe COVID-19 symptoms, and certain 
cancers [12–14]. These complications are the leading 
causes of poor health and death worldwide. Obesity also 
diminishes the quality of life. It causes depression and 
disability, alongside additional psychological factors like 
less successful work, discomfort, and ignominy [15].

The management of obesity is still a paradox. It is 
aimed at altering the diet and increasing physical activity 
through nutritional counseling [16, 17]. However, patient 
compliance is frequently limited, therefore, pharmaco-
logical treatment was the next alternative [18]. Neverthe-
less, research showed that the conventional therapy of 
obesity with orlistat, sibutramine, and dexfenfluramine is 
effective when such drugs are used to control the accu-
mulation of fat in the white adipose tissue [19–21]. How-
ever, they have manifested serious side effects, including 
mental disorders, non-fatal myocardial infarctions or 
strokes, and depression, which restrict their use [19, 22].

The increasing necessity for another form of therapy 
prompted the development of research into the use of 
herbal medicine and natural products [23, 24]. These 
drugs are now considered an alternative anti-obesity 
therapy with superior potency and safety [25]. One of 
these herbs that is so frequently and traditionally used 
for weight-loss is green tea [26]. The combination of 
catechins and caffeine in green tea is responsible for 
its weight loss mechanism [27]. Catechins upregulate 
hepatic enzymes to stimulate fat oxidation while inhib-
iting catechol-O-methyltransferase. As a result, glucose 
uptake is significantly reduced while lipolysis is increased 
[28]. Caffeine, on the other hand, stimulates the sympa-
thetic nervous system and increases uncoupling proteins, 
which cause energy expenditure and fat oxidation [29]. 
Green tea has been successfully proven to have weight 
loss effects as well as reduce fat absorption and inhibit 
lipase activity [30].

Among these herbs, as well, is Hoodia Gordonii. This 
plant works by inhibiting the appetite and thirst, giving 
a feeling of early satiety. Its chemical constituent screen 
showed it to contain oxypregnane steroidal glycoside 
P57AS3, which acts in a glucose memetic manner that 
reduces food interest and appetite and inhibits hunger 
signals. It is often combined with Momordica charantia, 
also known as bitter melon. The triterpenoids, saponins, 
phenolics, and linolenic acids making up the bitter melon 
are largely responsible for its anti-obesity effect. They all 

work by inhibiting fat production and stimulating glu-
cose consumption.

Taraxacum officinale is another widely used herb for 
weight loss [31]. It works by inhibiting pancreatic and 
gastric lipases, thus inhibiting fat absorption and diges-
tion of triglycerides [32, 33]. Furthermore, it works as an 
antioxidant responsible for fat breakdown and blocking 
fat accumulation [33, 34]. This herb works in the same 
way orlistat does and is believed to replace it in the future 
because of the gastrointestinal side effects of orlistat, 
which limited its use [31, 35].

Finally, orlistat (Xenical) is a pharmacological agent 
promoting weight loss in obese subjects via inhibition of 
gastric and pancreatic lipase, an enzyme that is crucial for 
the digestion of long-chain triglycerides [36]. Herbs and 
spices are generally considered safe and have been proven 
to be effective against various human ailments [37, 38]. 
In recent years, many herbal combinations have been 
developed to meet the need for high quality, clinically 
evaluated, botanical body weight management dietary 
ingredients. For example, an in vitro screening program, 
established by Laila Nutraceuticals (Vijayawada, India), 
evaluated hundreds of herbal extracts for their ability 
to inhibit fat accumulation by adipocyte differentiation 
and potentiate fat breakdown within cells in mouse adi-
pocytes [39]. Humerus3® was one of the previously rec-
ognized herbal formulations, and it may be particularly 
beneficial for individuals who have tried other therapies 
but found them ineffective in managing their appetite. 
A significant and long-lasting weight loss program is 
possible with Humerus3® [40]. These carefully chosen 
herbs contain natural effective compounds such as gin-
gerenone, nigellicine, nigellidine, thymoquinone, thymol, 
carvacrol, alpha-pinene, myrcene, and transanthole [40].

This study aims to assess the anti-lipase, anti-amylase, 
and antioxidant activities of selected officially certified 
weight loss herbal products that are available in the Pal-
estinian markets in order to confirm their efficacy and 
quality.

Materials and methods
Materials
In this research experiment, the following materials were 
acquired and used: Lipase from porcine pancreas (Sigma 
Aldrich) USA, P-nitrophenylbutyrate (PNPB), Tris-HCl 
buffer. and porcine pancreatic α-amylase from MP Bio-
chemicals (Sigma Aldrich) USA. Dimethyl sulfoxide 
(DMSO) (Riedel-de-Haen, Germany). DPPH (2,2-diphe-
nyl-1-picrylhydrazyl) (Sigma Aldrich, Germany), Trolox 
(Sigma Aldrich, Germany). and starch (Alzahra’a Pales-
tine). For the sake of this experiment, the products pur-
chased were called products (A®, B®, C®, D®, E®, F®, and 
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G®), all of which are available in the Palestinian market 
and were obtained from a community pharmacy for 
in vitro assay. The constituents of each product are listed 
in Table 1.

Porcine pancreatic lipase inhibitory activity assay
A stock solution for each of the herbal products and orl-
istat, since orlistat is the only commercial drug on the 
market effective against pancreatic lipase, was prepared 
by dissolving the contents of each capsule in a 100 ml 
volumetric flask. Each solution underwent dilutions to 
give the following concentrations (50, 100, 200, 300, and 
400 μg/ml). 0.2 ml of each diluted solution was added into 
a test tube. Immediately before use, one mg/ml stock 
solution of the porcine pancreatic lipase enzyme was 
prepared in a 10% DMSO solution. Subsequently, 0.7 ml 
of Tris-HCl buffer (pH 7.4, 0.1 M) was added, as well as 
0.1 ml of pancreatic lipase enzyme. A blank tube hold-
ing 0.9 ml Tris-HCl and 0.1 ml pancreatic lipase enzyme 
without the inhibitor, as well as all previously discussed 
test tubes, were kept for 15 minutes at 37 °C as an incu-
bation period. Another incubation period of 30 minutes 
takes place after the addition of 0.1 ml of PNPB (100 mM 
in acetonitrile) to all test tubes, including the blank, pan-
creatic lipase activity was evaluated by detecting the 
hydrolysis of PNPB to p-nitrophenol at 410 nm with a 
UV-visible spectrophotometer (Shimadzu-UV-1800, 
Kyoto, Japan) [41].

The following equation was later used to calculate the 
absolute inhibitory activity.

Where S, refers to the sample absorbance and B to the 
blank absorbance.

α‑Amylase inhibitory assay
The amylase inhibitory action of the seven herbal prod-
ucts was assessed using the standard method [42], with 
a few modifications. Each of the herbal products was 

Inhibition (%) =
( B− S)

B
X 100%

dissolved in a few milliliters of 10% DMSO, and later 
dissolved in solutions of 0.02 M sodium phosphate 
monobasic and sodium phosphate dibasic buffer involv-
ing 0.006 M sodium chloride (NaH2PO4 and Na2HPO4, 
NaCl, pH 6.9) to give a stock solution with a 1000 μg/ml 
concentration. Using 10% DMSO, dilutions were pre-
pared with the following concentrations (10, 50, 70, 100, 
500 μg/ml). Then, 0.2 ml of porcine pancreatic amylase 
enzyme solution (2 units/ml) was mixed with 0.2 ml of 
each herbal sample and left to incubate for 10 minutes 
at 30 °C. Meanwhile, 0.2 ml of freshly prepared 1% starch 
aqueous solution was incubated for 3 min before being 
mixed with each test tube.

To stop this reaction, 0.2 ml of DNSA color reagent 
was diluted with 5 ml of distilled water and then added. 
This mixture was allowed to boil for 10 minutes in a 
water bath at 90 °C before being allowed to cool to room 
temperature. The absorbance of the final mixture was 
assessed at 540 nm. The blank solution was made in the 
same steps discussed previously, with the addition of 
0.2 ml of the previous buffer instead of the herbal sam-
ples. The acarbose was prepared using the same methods 
that were previously used for the herbal sample and was 
used as a reference.

The following equation was used to calculate the amyl-
ase inhibitory activity:

AB: Recorded absorbance of the blank solution. 
AT: Recorded absorbance of the tested herbal sample 
solution.

DPPH free radical‑scavenging activity
Methanolic stock solution was prepared for each of 
the seven herbal products to achieve a concentration 
of 100 μg/ml. The stock solutions were then diluted to 
reach the concentrations of (5, 10, 20, 30, 50, 80, 100 μg/
ml). Next, one ml of each diluted solution was added to 
a different test tube, and 1 ml of recently prepared the 

α− amylase inhibitory% =

(AB− AT)

AB
X 100%

Table 1 List of the products used in the study with their main ingredients

Products Main ingredients as listed by the company

Product A® Omtec 50 and Omtec XS.

Product B® Litramine is a patented fiber complex (Opuntia ficus-indica) and vitamins A,D and E

Product C® Laurusnobilis, rheum, cymbopogoncitratus, mentaspecata, rosacania, camellia sinen-
sis, matricariachamomilla, hibiscus, and vitamin C.

Product D® Garcinia Cambogia fruit extract

Product E® Hoodia Gordonii extract

Product F® Amino acids, vitamin B6, chromium, and taraxacum officinale extract

Product G® Green tea extract, and phytosome complex
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free radical DPPH (0.002 g/ml) methanolic solution was 
added to the mix. Subsequently, 2 ml of methanol and 
one ml DPPH (negative control) was added as well. In 
this assay, the blank solution was made of a combination 
in a 2:1 ratio of DPPH and methanol. Subsequently, prior 
solutions were left to incubate for 30 minutes at a room 
temperature of 25 °C in a dark setting. Finally, using the 
spectrophotometer, the optical densities of each solution 
were measured at 517 nm [42].

The following equation was used to calculate the per-
cent of DPPH inhibited for all samples previously dis-
cussed, including the buffer:

AB: Blank solution absorbance.
AS: Sample solution absorbance.

Statistical analysis
The findings of this research were expressed as the 
mean ± standard deviation (SD). The  IC50 (50% inhibitory 
concentration) was calculated using BioDataFit edition 
1.02 [43].

Results
Porcine pancreatic lipase enzyme inhibitory
The anti-lipase effect of all tested products was obtained 
and compared with the inhibitory effect of orlistat as 
shown in Fig.  1, the obtained results for the products 
ranged from strong to weak inhibition. The  IC50 val-
ues of the seven products (A®, B®, C®, D®, E®, F®, and 
G®) were 114.78, 532.1, 60.18,53.33, 244.9, 38.9, and 
48.97 μg/ml respectively, while the  IC50 value of orlistat 

DPPH inhibition% =

(AB− AS)

AS
X 100%

(The reference compound) was 12.3 μg/ml (Fig.  2). This 
showed that products C®, D®, F®, and G® had a great 
inhibitory effect on the porcine pancreatic lipase enzyme 
when compared to orlistat. Product F® showed superior-
ity effect over other tested products. On the other hand, 
products A®, B®, and E® showed low effects, yet product 
B® showed the lowest of all.

α‑Amylase inhibitory results
The inhibitory activity of the seven products was tested 
and compared to the positive control acarbose; the 
results are shown in Fig. 3. When compared to acarbose, 
products A®, B®, C®, D®, E®, F®, and G® had varying 
α-amylase inhibitory effects. The  IC50 values for the seven 
products (A®, B®, C®, D®, E®, F®, and G®) were 345.93, 
13,803.84 μg/mL (Inactive), 73.79, 130.91, 165.95, 28.18, 
and 33.11 μg/mL respectively (Fig. 4), while acarbose was 
23.38 μg/ml. Products C®, F®, and G® showed the strong-
est inhibitory effects, in which product F® showed supe-
riority over all. However, while products A®, D®, and E® 
showed low inhibition effects against α-amylase, product 
B® had no inhibitory effect.

Antioxidant results
The antioxidant effect for all tested products was 
obtained using the DPPH method. The results showed 
that the seven products had different antioxidant activ-
ity when compared to trolox, as shown in Fig. 5. The  IC50 
values for the seven products (A®, B®, C®, D®, E®, F®, and 
G®) were 1258.92, 707.94, 79.43, 186.20, 164.81, 17.53, 
and 10.47 μg/ml respectively, while the  IC50 value for 
trolox was 2.70 μg/ml (Fig. 6). The strongest antioxidant 

Fig. 1 The inhibitory effect of orlistat and the products on lipase enzyme
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effect was with product G®, and the lowest was with 
product A®.

Discussion
Obesity is a serious global health problem and should 
be regarded as a worldwide pandemic. Few botanicals 
contained in natural weight reduction solutions have 
been subjected to extensive fundamental and clinical 
study, and it is crucial that this be done to verify their 
broad use for weight control. Many natural weight-loss 
products are sold and used around the world with no 
(or little) evidence of their effectiveness or quality [44]. 
Therefore, this study was conducted to evaluate and 

investigate the effectiveness of some herbal products 
certified and presented in the Palestinian community 
that are used to treat obesity. The results obtained were 
compared with those of commercial obesity medica-
tions that exert their beneficial effect in the same path-
way. They were tested for lipase, amylase, and oxidation 
inhibition, then the  IC50 value was calculated to com-
pare the results with the reference products.

Pancreatic lipase is one of the most important 
enzymes for the digestion of dietary triacylglycerols 
[45]. It is known that dietary lipids are not directly 
absorbed from the intestines unless they have been 
subjected to the action of pancreatic lipase. It has been 
clinically noticed that the pancreatic lipase inhibitor 

Fig. 2 IC50 values in (μg/mL) for orlistat the tested products

Fig. 3 The inhibitory effect of acarbose and the tested products
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orlistat has a beneficial approved effect on obesity and 
hyperlipidemia by increasing fat excretion through the 
feces and by inhibiting pancreatic lipase [46].

According to the results obtained through this 
research, product F® showed the highest inhibition 
potency on lipase, which was composed of amino 
acids, vitamin B6, chromium, and taraxacum offici-
nale extract. The effect of this drug when it comes to 
pancreatic lipase inhibition is believed to be related to 
the taraxacum officinale extract, which was previously 
studied in vivo and in vitro, showing potent inhibition 
of lipase. A recent study by Aabideen et al. [31] found 
that this plant has hypolipidemic activity mostly via 
inhibition of pancreatic lipase [31]. Another study by 

Jian Zhag et  al. showed the same good activity of the 
T. officinale extract compared to the orlistat drug [32]. 
In addition to that, product G® showed the next best 
result, which was composed of green tea extract and 
phytosome complex. It was reported that a green tea 
extract significantly inhibited gastric and pancreatic 
lipase activities, as determined by using a relatively 
high level of catechins under gastric and duodenal con-
ditions in vitro [47]. A similar finding was reported by 
Christine Juhel et al, [48] who clearly showed the activ-
ity of green tea extract in the inhibition of lipase, which 
could be useful in reducing body weight in obese peo-
ple [48].

Fig. 4 IC50 values in (μg/ml) for acarbose and the tested products

Fig. 5 The percentages of DPPH inhibitory activity for the tested products and trolox
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α-Amylase is a digestive enzyme secreted by the pan-
creas and salivary glands that aids in carbohydrate diges-
tion. α-Amylase inhibitors work by slowing carbohydrate 
digestion and absorbing postprandial glucose to reduce 
postprandial hyperglycemia. Reducing postprandial 
hyperglycemia will stop glucose uptake into adipose tis-
sue, which will inhibit the synthesis and accumulation of 
triacylglycerol. The inhibition of these digestive enzymes 
has an important role in the treatment of obesity by 
reducing weight gain in obese people [49]. According 
to the findings, F® had the most effective herbal prod-
uct for amylase inhibition. This result may be related to 
amino acids and vitamin B6, which are among its ingre-
dients. Another study was conducted by Kim et  al. [50] 
to investigate the inhibitory effect of pyridoxine against 
some digestive enzymes, including a-glucoamylase, 
which showed a decrease in the minimum, maximum, 
and mean levels of postprandial blood glucose at 0.5 hour 
after meals [50]. Product G® has the next best value and 
contains green tea extract. They have been shown to be 
beneficial in the treatment of type 2 diabetes, and one 
possible mechanism is their inhibitory effect on α -amyl-
ase and -glucosidase in the digestive tract. A similar 
study was conducted by Ming Miao et al. to indicate the 
effectiveness of green tea extract in inhibiting the a-amyl-
ase enzyme, which is bound together to form a complex 
with a static quenching mechanism [51]. Also, product 
D® showed a high anti-amylase effect as it is composed of 
Garcinia Cambogia fruit extract, an endemic evergreen 
tree that can be found in Taiwan. Chen et al. previously 
investigated the ability of the same extract to inhibit 
the same enzyme activity and delay carbohydrate diges-
tion [52]. Product E®, which contains hoodia gordonii 

extract, showed good results as well. However, product 
A® showed a low anti-amylase effect.

Animal and clinical studies have reported the role of 
oxidative stress in weight gain pathogenesis, which can 
trigger obesity by stimulating the deposition of adipose 
tissue. Antioxidant therapy was found to help alter body 
weight and reduce the possible incidence of metabolic 
diseases [53]. High amounts of circulating lipids and 
glucose may result in an oversupply of energy substrates 
for metabolic pathways in several human cells, including 
adipocytes, which can increase the formation of reactive 
oxygen species. Obesity and its associated diseases are 
thus linked to oxidative stress [54]. Several studies have 
found that in  vitro gastrointestinal digestion contrib-
utes to structure alteration and antioxidant activity [55]. 
Antioxidants produce this weight loss effect by effec-
tively reducing enzymes responsible for fat buildup in 
the cells as well as destroying fat cells, thus reducing the 
accumulation of fats in the body. Fats enriched with fiber 
can also stop weight gain by stimulating the elimination 
of waste and giving the feeling of satiety for longer peri-
ods of time, they can also help burn fat more efficiently 
[56]. Furthermore, the best antioxidant effect was shown 
with products F® and G®. It is believed to be due to their 
separate compositions. Close to that comes product C®, 
containing Laurus nobilis, Cymbopogon citratus, and 
vitamin C. Product E® contains Hoodia gordonii extract, 
as described in another article by Petrine Kapewangolo 
et al. H. gordonii extract demonstrated a good antioxidant 
activity, its extracts reducing power increased as concen-
tration increased, indicating that the extracts included 
antioxidants (reductants) (phenolics, alkaloids, terpenes, 
steroids, cardiac glycosides, and tannins) [57]. Next came 
products E® and D®, which contain Garcinia Cambogia 

Fig. 6 IC50 values in (μg/ml) for trolox and the tested products
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fruit extract [58], and finally, product B® (low antioxi-
dant effect) contains vitamin E. The products chosen for 
this study contained a variety of natural materials. These 
natural materials have been scientifically proven to have 
activity in the management of obesity. However, based on 
the findings of this research, any natural product needs 
to be verified scientifically, as it was proved in this study 
that some of these products do not have any contribution 
to obesity management.

Strengths and limitations
The main strength of this study is that it was the first to 
be conducted in Palestine to evaluate the efficacy and 
quality of weight-loss herbal products used in the Pales-
tinian community. Furthermore, this study will serve as 
a guideline for pharmaceutical companies when dealing 
with herbal products. One of the limitations of our study 
was that the name of the product could not be revealed in 
order to maintain privacy.

Conclusion
In conclusion, results of this study showed that product 
F®, which contains amino acids, vitamin B6, chromium, 
and taraxacum officinale extract, had the highest anti-
lipase and anti-amylase effects when compared with the 
seven herbal formulations. In addition, we found that 
product G®, which contains green tea extracts and a phy-
tosome complex, had the highest antioxidant activity. 
In addition, the study reveals that some herbal products 
available in the Palestinian market do not have any valu-
able potency in the management of obesity. Therefore, 
investigations into the potency of any herbal product 
must be conducted before it is allowed on the market. 
This issue was one of the main goals of this study, in order 
to raise patient and pharmacist awareness regarding this 
matter and to ensure that patients get the best treatment 
possible. Moreover, future studies must be conducted on 
the safety of these products.
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