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Abstract
The necessity of maintaining healthy habits, diet and minimal medical complications is challenging. The current study investigates 
Equisetum ramosissimum on levels of leptin, ghrelin, and their ratio in association with body weight changes in animals receiving stan-
dard and high-fat diet. Ethanolic extract was prepared by maceration and total phenols and flavonoids contents were determined using 
Folin-cicalto and AlCl3 methods. Study animals were fed with either standard or high-fat diets prior treatment with E. ramosissimum 
extract (500mg/kg). Body weights were monitored and serum concentrations of leptin, ghrelin and their ratios were determined. The 
plant extract comprised total phenols and flavonoids of 0.03 ± 0.01 mg/mg as Gallic acid, and 0.04 ± 0.03 mg/mg as quercetin, respec-
tively. Findings revealed significant decrease in body weights of standard-diet animals and restoration of weight to normal after treat-
ment with extract along with significant increase in serum ghrelin concentrations with strong correlation R and R2 values in respect to 
body weight. As well, significant reduction in serum leptin/ghrelin ratio was positively correlated with body weight and serum leptin 
levels. E. rasmossessium extract possessed promising characteristics on being introduced in dietary supplements and weight control 
regimens. The current study presented the influence of extract in decreasing body weight in animals fed with standard diet. Moreover, 
it restored the weights of obese animals which received the extract after gaining weight and being on high-fat diet. Further preclinical 
studies are warranted to reveal the translational potentials of E. rasmossessium extract and its vital effect on adipokines.
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Introduction

In terms of known global pandemics, metabolic syndromes 
and cardiovascular diseases score highly in records of 
clinically distressed patients. The principal and most well-

known metabolic diseases include, but are not limited 
to, insulin resistance and glucose intolerance, abdominal 
obesity, hypertension, low high-density cholesterol, and 
hypertriglyceridemia (Cӑtoi et al. 2018). The pathophys-
iology of these metabolic syndromes is often influenced 
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by adipokine hormones, specifically leptin and ghrelin. 
Adipokine hormones are well-known to modulate ener-
gy expenditure, as well as glucose and lipid metabolism, 
and are therefore claimed as potential predictive clinical 
markers for metabolic diseases (Ghadge and Khaire 2019). 
Studies of the correlation between adipokine concentra-
tions and the calculated body mass index (BMI) of an in-
dividual have documented that levels of leptin and ghrelin 
are directly related to BMI. Meanwhile, not only is obesity 
directly affected by leptin and ghrelin disturbances but so 
also is the progression of diabetes. Thus, concentrations of 
adipokine hormones offer a basis for early intervention in 
diabetic and obese patients (Sitar-Taut et al. 2021).

Leptin is a hormone released by the adipose tissue and 
indirectly functions as a suppressor of appetite through 
signalling feedback concerning food intake and energy 
disbursement. In addition, leptin is reported to influ-
ence glucose homeostasis, immune response, pathogen-
esis of hypertension, atherosclerosis, and cancer (Arabi 
et al. 2019). On the other hand, ghrelin, also known as a 
hunger hormone, is secreted in several organs including 
the stomach and functions as a potent appetite stimula-
tor. Not only does it increase in fasting periods but it also 
promotes weight gain. Nevertheless, ghrelin has also been 
reported to possess anti-inflammatory properties (Lyra Jr 
et al. 2019). Furthermore, decreased ghrelin levels have 
been reported in different pathophysiological conditions 
including obesity, type 2 diabetes, and other conditions 
with metabolic disturbances (Pulkkinen et al. 2010). 
Leptin and ghrelin are hormones with opposite effects 
on energy homeostasis and fitness. Therefore, the ‘leptin 
over ghrelin ratio’ has been suggested to be a marker and 
predictor in energy restriction treatment (Labayen et al. 
2011). A recent study investigated the importance of the 
leptin/ghrelin ratio as a biomarker in dietary-induced hy-
perlipidemia in female mice, and found that animals fed 
with an excess fructose and cholesterol diet had signifi-
cantly lower leptin levels and a subsequent drop in the 
leptin/ghrelin ratio. In addition, the animals showed low 
total body fat deposition. On the other hand, in another 
study model, specifically for dyslipidaemia, the levels of 
ghrelin were found generally higher than leptin (Riger et 
al. 2018). The level of the leptin/ghrelin ratio is reported 
to be altered in animals in a fasting state, in comparison to 
the levels after intake of varying macronutrient contents 
(Adamska-Patruno et al. 2018).

The interest in identifying natural products or chemi-
cals that enhance the body to modulate the levels of either 
leptin, ghrelin or both is increasing. Chemical compounds 
which have been obtained from natural sources, including 
saponins, tannins, alkaloids, alkenyl phenols, glycol-alka-
loids, flavonoids, sesquiterpenes lactones, terpenoids and 
phorbol esters, are plant constituents that have diverse 
medicinal properties (Talib et al. 2019; Savaya et al. 2020; 
Ubaydee et al. 2022). Recently, a study showed that white 
grape juice extracts were reported to reduce fat accumula-
tion through the modulation of ghrelin and leptin expres-

sion in an in vivo model of overfed zebrafish, indicating 
that natural compounds could offer a potential insight 
into regulation of these hormones in metabolic diseases 
(Montalbano et al. 2021).

Equisetum ramosissimum Desf. is a native and rare 
plant known as “branched horse-tail”. A recent study re-
ported high prevalence of phenolic and flavonoid con-
tents in its airborne parts (Savaya et al. 2020), rendering 
it as a phytochemical product with potential antioxidant 
properties. The plant species E. ramosissimum belongs to 
the family Equisetaceae, which is documented to possess 
a very potent anti-diabetic and antihyperlipidemic action 
(Safiyeh et al. 2007; Soleimani et al. 2007). Moreover, the 
plant was also reported to reduce oxidative stress in the 
context of some diseases, including atherosclerosis, isch-
emic cardiac disease, aging, and even infectious diseases 
(Boeing et al. 2021).

The E. ramosissimum plant has been used in folk med-
icine for treatment of various conditions, including re-
ducing body weight and controlled some metabolomics 
diseases. The use of the extract is widely communicated 
between local herbalists for the treatment of different 
conditions and as an ingredient in herbal mixtures used 
for diabetes, lipidaemia and obesity. Therefore, the cur-
rent study was conducted to answer whether E. ramosissi-
mum plant extract would affect serum levels of leptin and 
ghrelin hormones and their ratios in an in vivo high-fat 
diet (HD) rat model. To our knowledge, it is a first to in-
vestigate the effect of this extract on metabolic hormones 
concerning body weight.

Materials and methods
Preparation and extraction of E. ramo-
sissimum

The species of E. ramosissimum was collected from Mujib 
Biosphere Reserve (84 Km from Amman –FH4V+6PQ, 
Dead sea road, Sweimeh, Jordan) after authentication 
by a professional taxonomist at the Nature Conservation 
Monitoring Centre (Amman, Jordan) (RCSN herbarium 
no. E.r-5/7/2017). The shoot (ariel) part of the plant was 
dried under shade and stored thereafter at room tempera-
ture. On demand, the dried plant was crushed using a 
commercial blender (Philips HL7756/00 Mixer Grinder, 
750W, USA) to obtain an acceptable particle size for fur-
ther processing. A maceration method using an ethanolic 
medium (100% EtOH) was used for phytochemical ex-
traction based on an in-house validated method. Briefly, 
0.3% (w/v) of plant powder was soaked in ethanol for 24 h 
with constant agitation at room temperature. The mixture 
was then paper-filtered and evaporated at 60 °C using a 
rotary evaporator (R-300, Buchi, USA) at 90 rpm pro-
ducing an extraction yield of 40.3% (w/w dry weight) for 
ethanolic extract. Extracts were stored dry conditions at 
room temperature 22 °C.
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Phytochemical analysis of Phenols and 
Flavonoids

In order to determine the total phenol content within the 
extract, the Folin-Ciocalteu method was used as described 
earlier (Zahra et al. 2015). Briefly, plant extract was dis-
solved in methanol (0.002% w/v) and then Na2CO3 solu-
tion (5% v/v in distilled water) and Folin reagent (20% 
v/v in distilled water) were added to initiate the reaction 
medium. Reaction was maintained covered under alu-
minium foil for 1 h at room temperature. Then, the solu-
tion was quantified against gallic acid as a reference stan-
dard through determining the UV spectroscopy (Hitachi 
U-1800, UK) readings at 760 nm.

For the determination of total flavonoid content, a 
colorimetric method, based on the formation of a com-
plex flavonoid–aluminium was employed, as described 
previously (Pękal and Pyrzynska 2014). Briefly AlCl3 
solution (0.5 mL, 2 %, w/v) was added to 1 mL of the 
extract sample, and subsequently 0.5 mL of water was 
added. Then, the mixture was mixed and incubated for 
10 mins at room temperature prior to spectral analysis. 
The solution was quantified against quercetin as a refer-
ence standard through determining the UV spectroscopy 
readings at 510 nm.

In vivo experimental design

Eight-week old male Wistar rats were housed and accli-
mated at the animal house of Applied Science University, 
Amman Jordan. Handling and treatment procedures were 
conducted after acquisition of ethical approval from the 
Institutional Review Board approval no. 2021-PHA-40 
(Date: 5/12/2021), and in accordance with the guidelines 
of its Institutional Animal Ethical Committee. Animals 
were maintained under conditions of 12 h light/ dark cy-
cle, ambient room temperature (25 ± 2 °C), and with ad 
libitum access to water.

In our previous published work, an in vivo study on 
healthy standard diet-fed animals and an induced hyper-
lipidaemia model, it was concluded that the extract alone 
and in combination with Atorvastatin had a significant 
(P<0.05) reducing effect on serum lipid profile (Al-Bayati 
et al. 2023). These findings revealed the potential advan-
tages of the extract alone and suggested further explora-
tion of its mechanisms. Therefore, the current investi-
gation focused on the action of extract on body weight 
variation and modulation of Leptin/Ghrelin concentra-
tions post treatment, in both standard and high fat diet. 
Being a crucial element of the study, diet was served under 
specific parameters as described previously (Irudayaraj et 
al. 2013; Riger et al. 2018). Animals were randomized into 
4 groups (n = 6) housed as 4 animals per cages and pro-
vided with corresponding diets for 14 days prior to treat-
ments, specifically 2 groups receiving standard diet (SD) 
and 2 receiving high-fat diet (HD). The HD, containing 
30% of lamb fat (50 g/kg/day) mixed with standard ro-

dent chow, is considered rich in cholesterol and capable 
of inducing body weight gain. Then, after confirmation of 
the obesity model with at least 20–30% increase in weight, 
groups were treated once daily with either plant extracts 
(500 mg/kg) or vehicle (water) using oral intra-gastric 
tube for another 14 days (total study period of 28 days) 
(Alebous et al. 2016). Based on our previous study a lower 
dose of plant extract was employed (200 mg/kg) and was 
found to be effective in lowering the lipid profile of ani-
mals on high-fat diet, therefore in order to induce a prom-
inent effect, a higher safe dose was used in the current 
study (Al-Bayati et al. 2023). Study timeline described in 
Scheme 1.

Serum concentration of Leptin and 
Ghrelin

In order to determine the concentrations of leptin and 
ghrelin in treated animals, serum samples were collected 
from all rats at the termination of the study. On the 28th day 
of the study, animals were fasted overnight and prepared 
for sampling under 2% isoflurane anaesthesia. Blood sam-
ples were collected from the orbital plexus using heparin-
ized capillary tubes into plain mini-collect tubes. Animals 
were sacrificed by cervical dislocation after completion 
of sampling. Serum was separated after centrifuging the 
blood tubes at 8,000×g for 10 mins at ambient tempera-
ture. Serum samples were quantified for leptin and ghrelin 
concentrations using colorimetric assays and in accor-
dance with the manufacturer’s instructions for each kit, 
Abcam (ab100773, UK) and MyBiosource (MBS731169, 
US), respectively.

Statistical analysis

The statistical analysis of data was done using SPSS, ver-
sion 27.0 (Chicago, IL, USA). One-way ANOVA test using 
Tukey’s post hoc was used to obtain statistical significance 
between all study groups, and student t-test was made to 
compare data of treated and non-treated groups of the 
same diet. Data are presented as mean values with stan-
dard deviation (SD). All experiments were run in tripli-
cates unless stated otherwise.

Scheme 1. Experimental in vivo study design.
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Results
Phytochemical analysis

Methanol extract of E. ramosissimum was examined for 
phenol and flavonoid content. The extract presented a 
yield of 0.032 ± 0.01 mg/mg phenolic content in dry ex-
tract, calculated as gallic acid equivalence. As for the fla-
vonoid content, a yield of 0.44 ± 0.03 mg was calculated in 
the dry extract as quercetin equivalence, as shown in Fig. 1.

Percent change in Body Weight

After confirming the weight-gain animal model, animals 
were treated with E. ramosissimum extract and weights 
were recorded after 14 days of treatment. As shown in Fig. 
2, a decrease in weight was observed in animals treated with 
the plant extract. The drop in body weight after treatment 
with plant extract was considered statistically significant in 
animals receiving a standard diet (p-value<0.001). Despite 
the statistical insignificance, a decrease in body weight was 
also noticed in animals that received the high fat diet. 

Serum Leptin and Ghrelin concentra-
tions

As shown in Fig. 3, the differences in serum ghrelin con-
centrations are marked between animals treated with 
high-fat diet, as well as all animals treated with the plant. 
The increase in ghrelin levels was considered statistically 
significant between the SD and SDP groups, which in-
dicates a direct effect of the plant extract. On the other 
hand, a similar increase was also noticed in animals re-
ceiving a high-fat diet (p<0.05), regardless of whether they 

were treated with the plant extract or not. However, and 
although not considered statistically significant, animals 
on the high-fat diet had lower levels of ghrelin in compar-
ison to those on a standard-diet which had been receiving 
plant extract. 

Correlation of body weight change and 
Leptin/Ghrelin ratio

As shown in Table 1, a marked statistical correlation be-
tween the BW and the evaluated biomarkers of serum lev-
els for leptin, ghrelin and their ratios was observed. The 
correlation of body weight change and Leptin/Ghrelin 

Figure 1. Total Phenol and Flavonoid content in E. ramosissi-
mum extract. Extracts are quantified against equivalent quanti-
ties of reference standards, specifically Gallic acid and quercetin, 
respectively.

Figure 2. Percent Body Weight change in healthy and obese 
animals treated with E. ramosissimum extract. Comparison of 
weight change was made between: Standard Diet (SD); SD re-
ceiving Plant extract (SDP); High-fat Diet (HD); and HD receiv-
ing Plant extract (HDP). ***: p<0.001 in comparison to SD, as 
calculated through t-test.

Figure 3. Serum concentrations of leptin and ghrelin and their 
corresponding ratios. Serum concentrations of leptin and ghrelin 
and their corresponding ratios were quantified for animals receiv-
ing Standard Diet (SD); SD receiving Plant extract (SDP); High-
fat Diet (HD); and HD receiving Plant extract (HDP). Ratios of 
leptin/ghrelin were calculated and presented in normalized val-
ues to the standard body levels (right y-axis), specifically per ani-
mals receiving SD. **: p<0.01; *p<0.05 in comparison to SD.
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ratio was made based on calculating the correlation factor 
(R), the coefficient determination (R2), and significant 
p-values (<0.05). Despite animals treated with plant ex-
tract after consuming standard-diet having showed strong 
correlation between change of body weight and leptin/
ghrelin concentration, based on high R and R2 values, ani-
mals fed with a high-fat diet showed a stronger correlation 
between changes of body weight and levels and ratios of 
leptin and ghrelin. Nevertheless, animals treated with the 
plant extract after being on the high-fat diet also showed 
a higher significant correlation between the leptin/ghrelin 
concentration and change of body weight, in comparison 
to all study groups.

Discussion

The natural collaboration between leptin and ghrelin in 
maintaining appetite, weight control and energy homeo-
stasis remains an important topic that needs further un-
derstanding. Adiposity and appetite regulating hormones, 
including leptin, ghrelin, insulin and others, are key bio-
targets in the fields of nutraceutics, herbal medicines and 
general physical health. The investigation of nutraceuticals 
has great potential value for limiting or preventing excess 
weight gain and its accompanying metabolic syndrome.

Extracts collected from different species of Equisetum 
have been reported to be rich sources of phenolic com-
pounds and flavonoids that have pharmacological prop-
erties (Boeing et al. 2021). In addition, alkaloids, phytos-
terols, tannins, and triterpenoids of the Equisetum genus 
are among its most well-known phytochemical constitu-
ents (Mimica-Dukic et al. 2008). Horse tail species have 
been reported to have haemostatic, diuretic, antifungal, 
antiviral, antibacterial, antioxidant, and anticancer prop-
erties (Boeing et al. 2021). Hypoglycaemic effects were 
also reported in some species of horse tail plants such 
as E. arvense, E. myriochaetum, and E. giganteum (Angel 
et al. 2020; Hegedűs et al. 2020; Vieira et al. 2020). The 
prevalence of high phenolic and flavonoid content in the 
study species, aligns with a suggestion of its potential in 
controlling diabetes as well as for lowering cholester-
ol levels and body weight (Hegedűs et al. 2020). Several 
compounds such as kaempferol, luteolin, myricetin, quer-
cetin, rutin, caffeic acid derivative, tannins, ferulic acid, 
linoleic acid, saponin, and phytosterol, which have been 
isolated from an alcoholic extract of E. rasmossessium, are 

well-documented to possess positive effects on metabolic 
diseases (Revilla et al. 2002; Afifi and Kasabri 2013; Batir-
Marin et al. 2021).

Introducing the use of E. rasmossessium extract as a 
potential candidate in regulating targets involved in meta-
bolic diseases has not previously been studied. Therefore, 
the current study focused on observing the potential of 
the extract on animals of high weight, and its capacity in 
stimulating body weight loss. Identifying the suspected 
underlying mechanism, we focused on evaluating the cor-
relation of serum levels of leptin, ghlerin and their cal-
culated ratios. Despite the levels were considerably lower 
than treated animals fed on SD, the direct effect of the 
E. rasmossessium extract on leptin levels in animals fed on 
HD was statistically insignificant, which is in accordance 
with previously published results (Schmid et al. 2005). 
Ghrelin appears to be inversely related to body weight 
(increases in standard diet rats that lose weight with treat-
ment, Fig. 2) but directly related to body weight in rats that 
gain weight with high fat diet and show elevated ghrelin 
regardless of treatment (increased leptin with increased 
body weight with high fat diet). Therefore, it could be 
suggested that levels of ghrelin are increased in animals 
treated with the plant extract after being on a standard 
diet and are slightly decreased in others on a high-fat diet. 
Despite the fluctuating levels of ghrelin in HD animals, 
they remain higher than in animals of the same diet that 
were treated with the plant extract. Therefore, in order to 
ascertain the effect of plant extract on lowering ghrelin in 
animals on HD, a larger sample population study will be 
conducted. The contrary data of having the plant extract 
affect ghrelin levels based on the nature of the diet sug-
gests that the plant extract could have a neutralizing in-
fluence on levels ghrelin. In line with these results, higher 
baseline ghrelin levels have been shown to be accompa-
nied by weight loss (Garcia et al. 2006; Rosenbaum et al. 
2019), and fasting ghrelin levels correlate inversely with 
food intake (Salbe et al. 2004).

Conclusions on leptin levels and its correlation with 
body weight loss could be completed through calculat-
ing and understanding its ratio in comparison to levels 
of ghrelin. Findings of the study revealed a direct effect 
of E. rasmossessium extract on body weight, regardless of 
whether exposed to a standard or high-fat diet. Never-
theless, its potential for reducing the body weight of high 
weight animals was also observed. These data highlighted 
the differences in the correlations between body weight 

Table 1. The difference in correlation factor, coefficient determination, and significance p-values between change in body weight and 
its relation to serum levels of leptin, ghrelin and their ratio in study groups (n = 6).

Correlation factor (R) Coefficient determination (R2) p-value
SD SDP HD HDP SD SDP HD HDP SD SDP HD HDP

Leptin 0.13 0.7 -0.63 -0.2 0.02 0.5 0.39 0.04 0.8 0.12 0.18 0.7
Ghrelin 0.07 -0.58 -0.63 -0.89 0.01 0.34 0.39 0.79 0.89 0.23 0.18 0.18
L/G ratio -0.24 -0.14 0.44 0.74 0.06 0.02 0.19 0.54 0.66 0.79 0.38 0.1

Groups: Standard Diet (SD); SD receiving Plant extract (SDP); High-fat Diet (HD); HD receiving Plant extract (HDP)
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and the measured biomarkers within the two sets of 
groups: standard and high-fat diet fed animals. Treatment 
with the plant extract showed that leptin levels are strong-
ly correlated to body weight in animals on a standard diet. 
On the other hand, the correlation was considered statisti-
cally weak when levels of leptin were compared in animals 
fed with a high-fat diet. Several studies have investigated 
the role of leptin on the changes in energy metabolism 
that occur during weight loss. In obesity, the existence of 
an endogenous leptin-resistance mechanism limits its im-
pact on weight, interpreted as an energy-sparing mecha-
nism operating in obese animals (Labayen et al. 2011; de 
Git et al. 2018; Barham et al. 2021). The reverse correla-
tion between body weight and serum leptin levels is now 
well recognized in human and animal studies (Labayen et 
al. 2011; Arabi et al. 2019; Montalbano et al. 2021). In the 
same context, the reduction of leptin and leptin/ghrelin 
ratio reflects an improvement in leptin resistance that ac-
companies loss of body weight which has been considered 
as a key factor in improving insulin resistance (Pulkkinen 
et al. 2010; Riger et al. 2018).

Conclusion

E. rasmossessium extract shows promising characteris-
tics of being introduced in dietary supplements, weight 
control regimens and some medical interventions. The 
current study presents the influence of E. rasmossessi-
um extract in decreasing body weight in animals receiv-
ing standard diet and limiting weight gain in animals on 
high-fat diet. Further preclinical studies are warranted to 
reveal the clincial outcomes of E. rasmossessium extract 

and its vital influence on adipokines, specifically leptin 
and ghrelin.
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