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Abstract
BACKGROUND: This study investigated the effects of the latex protein fraction (LP) from Calotropis
procera (Ait.) R.Br. on body weight, food intake, fat deposition, organ weight, and plasma inflammatory
and metabolic markers in male Swiss mice fed a high-fat diet (HFD).

METHODS: Thirty mice were divided into four groups: normal diet (ND), HFD, HFD plus LP 5 mg/kg (LP5),
and HFD plus LP 50 mg/kg (LP50), administered intraperitoneally every 4 days during the final 6 weeks
of a 27-week protocol.

RESULTS: LP50 prevented the HFD-induced increase in final body weight (46.50±2.06 g vs. 53.60±2.15 g
in HFD) and showed a non-significant trend toward reduced subcutaneous fat accumulation, without
affecting food intake or kidney, heart, spleen, or liver weight. LP50 also significantly reduced HFD-
induced elevations in plasma TNF-α, IL-6, triglycerides, and glucose.

CONCLUSIONS: These findings suggest that LP exerts a dose-dependent, depot-specific anti-obesity
effect, together with systemic anti-inflammatory and metabolic benefits, independent of appetite
suppression.

INTRODUCTION
The global prevalence of obesity has become a major public health concern, with a marked increase
observed in most nations since the 1980s. Current estimates suggest that 39–49% of the world's
population, approximately 2.8–3.5 billion individuals, are affected by overweight or obesity [1]. Obesity is
characterized by abnormal fat accumulation in adipose tissue, primarily resulting from an imbalance
between energy intake and energy expenditure, and is closely associated with chronic low-grade
inflammation and metabolic dysfunction, including dyslipidemia and impaired glycemic control [1, 2].
Initial recommendations for preventing or managing obesity emphasize lifestyle changes, reduced
energy intake, and physical exercise [2]. Consequently, anti-obesity drugs are used to treat severe cases,
typically targeting increased metabolism and/or appetite suppression, among other strategies [3].
However, these pharmacological interventions often cause side effects such as insomnia, vomiting,
hyperpyrexia, and constipation, frequently occurring in combination [3]. These adverse effects often
discourage patients from continuing treatment. Moreover, given the multifactorial nature of obesity,
involving metabolic, inflammatory, and psychological factors, identifying a universal drug or standard
treatment remains challenging. Consequently, there is a growing need for novel and safer alternative
therapies, including food-derived bioactive peptides and medicinal plant fractions for obesity prevention
or management [3, 4, 5]. Bioactive peptides, whether released by enzymatic hydrolysis of food proteins
or occurring naturally within plant tissues, have attracted growing interest as multifunctional agents
capable of simultaneously targeting several of the interconnected metabolic and inflammatory pathways
that drive obesity and its comorbidities, rather than acting on a single mechanism as most conventional
anti-obesity drugs do.
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Among plant sources, the Apocynaceae family includes several species, such as Caralluma fimbriata,
Ichnocarpus frutescens, Hoodia gordonii, and Gymnema sylvestre, that have demonstrated
antiobesogenic effects in scientific studies [6–9]. Comprising tropical shrubs, trees, and vines, the
Apocynaceae family is renowned for its medicinal diversity, with approximately 4,600 species across 415
genera [10]. Different parts of these plants have traditionally been used to treat gastrointestinal
disorders, fever, malaria, pain, obesity, diabetes, migraine, and skin damage [10–12]. Calotropis procera
(Ait.) R.Br. is a member of the Apocynaceae family commonly found in arid to semi-arid regions of Africa,
the Americas, and Asia [13, 14]. Its leaves, flowers, roots, and latex are rich sources of bioactive
compounds, including alkaloids, flavonoids, glycosides, phenols, terpenoids, tannins, saponins, and
steroids [13]. Known as "Rakta arka" in ancient Ayurvedic literature, C. procera has been used in Afghan,
Ayurvedic, and Unani medicine to treat asthma, hemorrhoids, tumors, fever, leprosy, dysentery, diarrhea,
and ulcers [14–16].

Several studies have described the diverse beneficial properties of C. procera (Ait.) R.Br. latex, including
antinociceptive, anti-inflammatory, hypoglycemic, antioxidant, and anticancer activities [17–21]. Within
this complex secretion, the lyophilized protein fraction (LP), comprising mainly cysteine peptidases and
osmotin isoforms, has emerged as the component chiefly responsible for many of these bioactivities,
having shown promising effects in protecting against septic shock, promoting glycemic control in vivo,
suppressing pro-inflammatory cytokine release, and restoring blood-coagulation homeostasis during
acute Salmonella infection [22–25]. The glycemic-control activity of LP has been attributed specifically to
its peptidase and osmotin components, which also enhance ATP-linked oxygen consumption and
mitochondrial uncoupling [22]. This multifunctional profile, spanning metabolic, anti-inflammatory, and
antinociceptive activities within a single, well-characterized peptide/protein fraction, positions LP as a
particularly attractive candidate among plant-derived bioactive peptides for translational applications in
functional foods and nutraceuticals.

Despite this growing body of evidence on the metabolic and anti-inflammatory properties of LP, including
its capacity to improve glycemic control and mitochondrial function in hepatic cells [22] and to
downregulate pro-inflammatory cytokines such as TNF-α and IL-6 in other inflammatory models [24, 25],
whether this same protein fraction can directly modulate body weight, fat accumulation, systemic
inflammation, and lipid/glucose homeostasis under diet-induced obesity had not previously been
examined as an integrated outcome. This gap is particularly relevant because the anti-obesity activity
already described for other Apocynaceae species has been attributed mainly to crude extracts or
isolated small molecules, such as the steroidal glycosides of Caralluma fimbriata and Hoodia gordonii [8,
26] or, within C. procera itself, osmotin and α,β-amyrin [27, 28], rather than to the latex protein fraction as
a whole. Because LP is, by definition, free of these small non-proteinaceous metabolites, its anti-obesity
potential cannot be inferred from previous studies using crude extracts or isolated compounds and must
be tested directly, as a discrete, intelligently characterized peptide fraction rather than an undefined
botanical extract.
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Given the increasing global prevalence of obesity, the side effects associated with current
pharmacological treatments, and the largely unexplored anti-obesity potential of this multifunctional,
protein/peptide-based latex fraction, the present study investigated, for the first time, the effects of LP
on body weight, food intake, abdominal fat deposits, and organ weight, as well as on plasma pro-
inflammatory cytokines (TNF-α and IL-6) and lipid and glucose homeostasis, in male Swiss mice
subjected to a high-fat diet (HFD).

Materials and methods
Plant material

Leaves and fresh latex of healthy plants of Calotropis procera (Ait.) R.Br. growing in the city of Fortaleza,
Ceará, Brazil (3°44′45.9″S 38°34′21.5′W) were collected between August and September 2017 (dry
season). The plant material was identified by a taxonomist, and a voucher specimen (No. 32663) was
deposited at the Prisco Bezerra Herbarium of the Federal University of Ceará (UFC). Access to and use of
Brazilian genetic biodiversity complied with national legislation, under registration code A689147.

Calotropis procera (Ait.) R.Br. latex protein fraction 

The latex protein (LP) fraction of C. procera (Ait.) R.Br. was obtained following the protocol established
by Ramos et al. [29]. Latex was collected from the aerial parts of the plant and diluted in distilled water
at a ratio of 1:2 (v/v). The resulting suspension was subjected to centrifugation (5000 × g, 10 min, 10 °C),
a step that allowed removal of the rubber-enriched pellet. The supernatant thus obtained was
subsequently dialyzed against distilled water using a dialysis membrane with a molecular weight cut-off
of 8000 Da. After 1 h of dialysis, the dialyzable fraction (DF) was collected and freeze-dried. The material
retained within the membrane (non-dialyzable fraction), recovered after dialysis, was centrifuged once
more, and the resulting supernatant, corresponding to the protein fraction of interest (LP), was
lyophilized and used in subsequent experiments. This soluble phase containing the latex proteins was
freeze-dried and stored at 25 °C until further use (Fig. 1).

Ethical statement

All experimental procedures followed the guidelines of the Guide for the Care and Use of Laboratory
Animals of the Federal University of Ceará, and the experimental design was approved by the
Institutional Animal Ethics Committee (License number 62/2012). Male Swiss mice (25–30 g, n = 30)
were provided by the Central Animal House of the Federal University of Ceará. The mice were housed in
polypropylene cages (41 × 34 × 30 cm) under controlled conditions (24 ± 2 °C, 12-h light/dark cycle) with
free access to food and water. At the end of the experiment, the mice were euthanized by intraperitoneal
injection of sodium thiopental (Cristália, São Paulo, SP, Brazil).

Diets
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The high-fat diet (HFD) was prepared according to the methodology described by Pérez et al. [30]. It
consisted of a specific combination of ingredients: 10 g of normal diet (ND; Evialis do Brasil Nutrição
Animal LTDA, Descalvado, São Paulo), 10 g of roasted ground peanuts (Santa Helena Indústria de
Alimentos S/A, Ribeirão Preto, São Paulo), 0.3 g of butter (Itambé Alimentos LTDA, São Paulo), 5 g of
sweet wheat biscuit (Fortaleza®), 5 g of milk chocolate, and 5 g of white chocolate (Mondelez Lacta
Alimentos LTDA, Curitiba, Paraná). These ingredients were precisely measured, processed, and
combined into pellets, which were stored according to an established protocol and prepared fresh
weekly. The proximate composition of the HFD and ND differed in protein, fat, moisture, ash,
carbohydrate, and caloric content, as described by Pérez et al. [30]. Specifically, the HFD and ND
contained, respectively, 16.15% and 18.49% protein, 22.52% and 4.73% fat, 9.10% and 8.23% water, 3.42%
and 9.16% ash, 48.81% and 59.39% carbohydrates, and 452.52 and 354.09 kcal/100 g.

In vivo experiments

Thirty male Swiss mice (25–30 g), bred in the Central Animal House of the Federal University of Ceará,
were divided into four groups according to diet and treatment: normal diet (ND, n = 12); high-fat diet
(HFD, n = 10); HFD plus C. procera (Ait.) R.Br. latex protein fraction, 5 mg/kg i.p. (LP5, n = 4); and HFD
plus C. procera (Ait.) R.Br. latex protein fraction, 50 mg/kg i.p. (LP50, n = 4). After 2 weeks of
acclimatization, the animals received the HFD for 25 weeks; during the final 6 weeks, the LP fractions (5
or 50 mg/kg i.p.) were administered every 4 days. Total food intake (g/week) and water consumption
(mL/week) were recorded weekly, and individual body weight was measured once a week  (Figure 1) [30].

Plasma total cholesterol, triglycerides, glucose, cytokines, organs, and body fat.

At the end of the experiment, the animals were fasted overnight and anesthetized for blood collection
from the retrobulbar venous plexus [31]. Animals were then euthanized by intraperitoneal injection of
sodium thiopental (Cristália, São Paulo, SP, Brazil), a barbiturate acid derivative classified as an
acceptable method of euthanasia by the AVMA Guidelines for the Euthanasia of Animals: 2020 Edition
[32]. Serum was separated by centrifugation at 1500g and 4 °C for 15 min and stored at −72 °C until
analysis. Serum levels of total cholesterol (TC), triglycerides (TG), and glucose were measured using
commercial enzymatic-colorimetric kits from Labtest® Diagnóstica S.A. (Lagoa Santa, MG, Brazil).
Serum levels of the pro-inflammatory cytokines TNF-α and IL-6 were measured by ELISA using
commercial kits (Mouse TNF-α ELISA Kit, RAB0477; Mouse IL-6 ELISA Kit, RAB0308) purchased from
Sigma-Aldrich (St. Louis, MO, USA), according to the manufacturer's instructions. The liver, spleen, heart,
kidney, retroperitoneal fat, periepididymal fat, and subcutaneous fat were excised and weighed on the
day of euthanasia (Figure 1).

Statistical analysis

Data are presented as mean ± standard error of the mean (SEM) and were analyzed using GraphPad
Prism version 9.3.1 (GraphPad Software, CA, USA). One-way ANOVA followed by Tukey's test was used
to determine statistical significance; p < 0.05 was considered significant.
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RESULTS
Effects of LP on food intake and body weight 

Baseline food intake was similar among the ND, HFD, LP5, and LP50 groups (24.92±0.86, 23.50±0.85,
25.83±1.25, and 26.67±0.56 g, respectively) (Fig. 2A). From week 2 onward, all HFD-fed groups showed
reduced food intake relative to ND, a trend sustained throughout the experiment. Final food intake was
lower in the HFD, LP5, and LP50 groups (26.10±1.49, 29.67±1.76, and 22.20±3.79 g, respectively) than in
the ND group (35.50±1.43 g). Food intake in the LP50 group did not differ from the HFD group, indicating
that the LP-induced effect on body weight is independent of appetite suppression. Baseline body weight
was comparable among the ND, HFD, LP5, and LP50 groups (30.83±0.55, 30.30±0.33, 30.00±0.82, and
31.25±0.25 g, respectively) (Fig. 2B). From week 18 onward, the HFD, LP5, and LP50 groups showed
increased body weight (50.70±2.32, 48.50±3.95, and 48.55±3.46 g, respectively) relative to ND
(45.33±0.98 g). Final body weight was comparable between the ND (47.33±1.00 g) and LP50
(46.50±2.06 g) groups, both lower than the HFD (53.60±2.15 g) and LP5 (53.00±4.97 g) groups. LP at 50
mg/kg i.p., but not at 5 mg/kg i.p., reduced body weight from week 22 onward relative to HFD, an effect
sustained through week 27, confirming a dose-dependent anti-obesity effect rather than a nonspecific
consequence of protein administration.

Effects of LP on body fat depots
In addition to the increase in body weight, fat depots were differentially affected by HFD feeding (Fig.
3A–C). Subcutaneous fat mass was significantly increased in the HFD (1.38±0.62 g) and LP5 (1.67±0.85
g) groups compared with the ND group (0.59±0.19 g), as indicated in Fig. 3A; no significant difference
was observed between the LP50 group (0.88±0.34 g) and the ND group, nor between LP50 and the HFD
or LP5 groups. Periepididymal fat mass was significantly increased in the HFD group (1.87±0.22 g)
compared with ND (1.02±0.10 g); the LP5 (1.83±0.12 g) and LP50 (1.78±0.41 g) groups did not differ
significantly from ND, HFD, or each other, indicating no clear modulation of this fat depot by LP at either
dose (Fig. 3B). Retroperitoneal fat mass did not differ significantly among the ND (0.21±0.16 g), HFD
(0.22±0.08 g), LP5 (0.38±0.23 g), and LP50 (0.22±0.06 g) groups, indicating that this depot was not
significantly affected by either HFD feeding or LP treatment (Fig. 3C).

Taken together, these findings show that HFD feeding increased subcutaneous fat accumulation
(significant vs. ND for the HFD and LP5 groups) and periepididymal fat accumulation (significant vs. ND
for the HFD group), while retroperitoneal fat was unaffected; LP treatment did not produce a statistically
significant change relative to the HFD group in any of the three fat depots examined. 

Effects of LP on plasma total cholesterol, triglycerides, and glucose

            The protein fraction of C. procera latex (LP) affected HFD-induced alterations in plasma lipid and
glucose levels (Fig. 4A,B). Plasma total cholesterol and triglyceride levels were both significantly higher
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in the HFD group compared with the ND group (marked "&" vs. "#" in Fig. 4A). In the LP50 group,
triglyceride levels were significantly reduced relative to HFD, returning to values comparable to those
observed in the ND group (shared "#" symbol), whereas total cholesterol remained statistically similar to
the HFD group (shared "&" symbol), indicating that this reduction did not reach statistical significance
(Fig. 4A). Similarly, HFD feeding significantly increased plasma glucose levels compared with ND, and
treatment with LP at 50 mg/kg significantly reduced glucose levels relative to the HFD group, with no
significant difference remaining between LP50 and ND (Fig. 4B), indicating that LP improves glycemic
control in HFD-fed mice.

Effects of LP on plasma pro-inflammatory cytokines

To evaluate whether LP modulates the low-grade inflammatory state induced by HFD feeding, plasma
levels of TNF-α and IL-6 were measured (Fig. 5A,B). HFD feeding significantly increased plasma TNF-α
levels compared with the ND group (Fig. 5A). Treatment with LP at 50 mg/kg significantly reduced TNF-α
levels relative to the HFD group, restoring values to a level not significantly different from ND. A similar
pattern was observed for IL-6: HFD-fed mice showed significantly higher plasma IL-6 levels than ND
mice, and LP50 treatment significantly reduced IL-6 levels relative to HFD, with no significant difference
remaining between the LP50 and ND groups (Fig. 5B). These results indicate that LP attenuates the HFD-
induced systemic pro-inflammatory response.

Effects on organ weight and safety

LP administration did not significantly alter the weights of the kidneys, heart, spleen, or liver (all p > 0.05,
one-way ANOVA followed by Tukey's post hoc test; Fig. 6A–E), and treated animals showed no
behavioral alterations or other signs of toxicity throughout the experiment. 

DISCUSSION
Food intake in the LP50 group did not differ from that of the HFD group, indicating that the LP-induced
reduction in body weight is independent of appetite suppression, a mechanism distinct from that
reported for most conventional anti-obesity drugs and plant extracts [33]. This dissociation between
reduced body weight and unchanged food intake contrasts with the findings of Neto et al. [34], who
reported that a hydroalcoholic extract of C. procera leaves reduced food intake without affecting body
weight in rats with diabetes, essentially the inverse pattern observed here. This discrepancy likely
reflects compositional differences between the two preparations: whole latex contains non-
proteinaceous secondary metabolites, some of which are bioactive or even toxic [35], whereas LP is a
protein-only fraction. This distinction points to a mechanism centered on energy expenditure or fat
metabolism rather than on intake regulation, consistent with reports that osmotin, an adiponectin
homolog present in LP, enhances mitochondrial uncoupling and energy expenditure independently of
appetite [27], and that other Apocynaceae-derived triterpenoids modulate adipogenic and lipolytic
pathways through non-appetite-related mechanisms [28]. 
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Beyond its effects on adiposity, LP also modulated the systemic inflammatory state associated with HFD
feeding. The reduction in circulating TNF-α and IL-6 observed here in LP50-treated mice is consistent
with a substantial body of evidence attributing anti-inflammatory properties specifically to the protein
fraction of C. procera latex, rather than to the whole latex or its non-proteinaceous constituents. Soluble
laticifer proteins from C. procera have been shown to downregulate TNF-α and IL-1β expression and to
abolish myeloperoxidase activity in a hamster model of 5-fluorouracil-induced oral mucositis [36], an
effect later attributed to a highly homogeneous protein cocktail (PII-IAA), composed mainly of cysteine
peptidases and osmotin isoforms, that eliminated oral mucositis and reduced TNF-α release while
relieving oxidative stress [24]. Similarly, cysteine peptidases purified from the latex were shown to impair
pro-inflammatory cytokine expression, including IL-1β, TNF-α, and IL-6, in LPS-stimulated macrophages
[36], reinforcing that the anti-inflammatory activity of LP resides largely within its proteinaceous
components. Earlier work using dialyzed latex fractions had already demonstrated that both pro- and
anti-inflammatory activities of C. procera latex could be pharmacologically dissociated and that the pro-
inflammatory component involved TNF-α-mediated mechanisms [17], while the antinociceptive and anti-
inflammatory potential of whole latex had been documented in classical rodent models of paw edema
and peritonitis [20]. Taken together, these findings support the interpretation that the reduction in TNF-α
and IL-6 observed in the present study reflects a direct immunomodulatory action of the LP protein
fraction on the low-grade inflammatory state associated with obesity, rather than a secondary
consequence of weight loss alone.

Within the Apocynaceae family more broadly, anti-inflammatory and cytokine-modulating effects have
also been reported for other genera, although rarely in the context of diet-induced obesity. Hoodia
gordonii extract, for instance, was shown to influence both adipose and muscle tissue metabolism
during weight loss in rats (Smith & Krygsman, 2014), while triterpenoid-rich fractions from related
Apocynaceae species (e.g., α,β-amyrin) have been linked to downregulation of adipose tissue
inflammatory markers alongside PPARγ and lipoprotein lipase expression [28]. However, direct evidence
of TNF-α/IL-6 modulation by a purified plant protein fraction in an HFD-induced obesity model, as shown
here for LP, remains scarce in the literature, underscoring the novelty of the present findings.

In addition to its anti-inflammatory action, LP also improved glycemic and lipid parameters altered by
HFD feeding. The significant reduction in plasma glucose observed after LP50 treatment is in line with
previous reports that phytomodulatory proteins isolated from C. procera latex promote glycemic control
by inhibiting hepatic glucose production via AMPK activation and by improving hepatic mitochondrial
function in HepG2 cells [23]. This protein-mediated glycemic effect complements earlier observations
that whole C. procera latex exerts antioxidant and protective actions against alloxan-induced diabetes in
rats [19], and is further corroborated by studies using other parts of the plant: aqueous extracts of C.
procera flowers significantly reduced fasting glucose in rats with streptozotocin-induced diabetes,
alongside a marked improvement in the lipid profile (decreased total cholesterol, triglycerides, and LDL,
with increased HDL) [37]. Similarly, aqueous leaf extracts corrected alloxan-induced dyslipidemia,
significantly lowering total cholesterol, LDL-cholesterol, and triacylglycerol levels toward control values
from animals without diabetes [38], and a comparative study of leaf extracts and latex from C. procera in
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rats with streptozotocin-induced diabetes confirmed that both preparations reduced blood glucose and
normalized total cholesterol, triglycerides, and LDL while restoring HDL levels, with the latex itself among
the most effective treatments [39]. Together with the present results, this body of evidence indicates that
both the whole latex and its isolated protein fraction retain glucose- and lipid-lowering activity,
reinforcing the therapeutic relevance of LP for metabolic dysfunction associated with obesity.

The partial dissociation observed here between the lipid-lowering effect of LP50, significant for
triglycerides but not for total cholesterol, parallels findings in other Apocynaceae species, where the two
parameters do not always respond with equal magnitude to a given treatment. In mice with
obesity, Apocynum venetum-derived isoquercitrin significantly reduced fasting glucose, triglycerides, and
total cholesterol by modulating the AMPK/SREBP-1c/FAS/CD36 signaling pathway [40], while Gymnema
sylvestre extracts were reported to prevent triglyceride accumulation in muscle and liver and to lower
circulating fatty acids, with additional antiatherosclerotic properties [6,9]. These differences across
species and preparations suggest that lipid parameters may be regulated through partially distinct
molecular targets, for example, triglyceride clearance via lipoprotein lipase or β-oxidation pathways
versus cholesterol homeostasis via hepatic synthesis or biliary excretion, which could explain why LP50
normalized triglycerides but only partially affected total cholesterol in the present study. Future work
directly assessing hepatic lipogenic and cholesterogenic gene expression will be needed to clarify the
specific pathway(s) through which LP acts on lipid metabolism.

These metabolic effects of LP can also be placed in the broader context of anti-obesity agents described
for other Apocynaceae species. Several succulent Apocynaceae species, including Caralluma
fimbriata, Apocynum venetum, and Hoodia gordonii, have shown appetite-suppressing effects and
reduced body weight gain after oral administration [8,26,40]. Apocynum venetum, for instance,
significantly reduced fasting blood glucose and plasma triglyceride and total cholesterol levels in mice
with obesity [40]. Likewise, Ichnocarpus frutescens (L.) R.Br. has demonstrated efficacy in managing
obesity, diabetes, and hyperlipidemia [8,9], and Gymnema sylvestre has been reported to prevent
triglyceride accumulation in muscle and liver while decreasing circulating fatty acid levels [6]. In most of
these examples, however, the anti-obesity activity has been attributed to crude extracts or to isolated
small molecules, particularly steroidal glycosides [8,26], rather than to a purified protein fraction,
underscoring the novelty of the present findings with LP.

Within C. procera itself, two other bioactive substances, osmotin (the adiponectin homolog mentioned
above) and α,β-amyrin (a triterpenoid mixture), have independently been identified as candidates against
obesity [12,27,41,42]. Osmotin, administered at 5 μg/g three times weekly for two weeks, reduced HFD-
induced body weight gain in mice [27]. Similarly, α,β-amyrin (10 or 20 mg/kg) lowered HFD-induced
increases in body weight, visceral fat, and adipocyte surface area, downregulated PPARγ and lipoprotein
lipase expression, and modulated leptin and ghrelin levels altered by HFD feeding [28]. 

Notably, the dose ranges effective for these two isolated compounds (5 μg/g and 10–20 mg/kg,
respectively) are far lower than the 50 mg/kg dose of the whole LP fraction required here to elicit an anti-
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obesity effect. Moreover, the lower LP dose (5 mg/kg) was not only ineffective but was associated with a
further increase in subcutaneous fat. This non-monotonic, threshold-like pattern suggests that the active
component(s) within LP may represent only a minor fraction of the total protein administered, and that a
systematic dose–response study, including intermediate doses, will be needed to define the minimum
effective dose and to clarify whether the apparent lack of effect at 5 mg/kg reflects insufficient exposure
or a qualitatively different biological response.

Beyond dose–response considerations, translating these findings toward practical application also
requires addressing the route of LP administration. It is important to note that LP was administered
intraperitoneally in this study, a route that bypasses gastrointestinal digestion and is therefore not
directly comparable to oral or dietary intake, the route most relevant to functional food applications.
However, C. procera latex proteins are only partially degraded by digestive enzymes in vitro and are not
detected immunologically in fecal material following oral exposure [43], suggesting that at least part of
the bioactive fraction may retain structural and functional integrity after oral intake. Directly comparing
oral and parenteral LP administration, together with identifying the specific peptide(s) responsible for the
anti-obesity effect, will be necessary to determine whether this latex protein fraction can be developed
into an orally active ingredient for functional foods or nutraceuticals targeting obesity.

These observations are consistent with previous reports of LP safety at the tested concentrations and
dosing frequency  [43], and with the absence of toxic signs after oral administration of C. procera leaf
extract at doses up to 5 g/kg [34]. Although the precise mechanism underlying the present findings
remains to be established, the absence of organ-weight changes or overt toxicity, combined with a clear
anti-obesity effect at 50 mg/kg, supports the continued investigation of LP as a candidate bioactive
peptide fraction.

CONCLUSION
This study provides the first evidence that a water-soluble latex protein fraction (LP) from Calotropis
procera (Ait.) R.Br., administered intraperitoneally at 50 mg/kg, attenuates high-fat diet-induced obesity in
mice, significantly reducing final body weight and showing a non-significant trend toward reduced
subcutaneous fat accumulation, without affecting periepididymal fat, food intake, or major organ
weights. This effect was dose-dependent, observed only at the higher of the two doses tested, and
appeared unrelated to appetite suppression, distinguishing LP from many conventional anti-obesity
strategies. The selective action on subcutaneous, rather than visceral, fat is consistent with, though not
yet directly demonstrated to result from, the adiponectin-like signaling and mitochondrial-uncoupling
activity previously attributed to osmotin-related proteins within this fraction.

Beyond its effects on adiposity, LP50 also improved the systemic metabolic and inflammatory profile
associated with HFD feeding: it significantly lowered plasma TNF-α and IL-6, reduced triglycerides to
levels comparable to normal-diet controls, and normalized plasma glucose, while total cholesterol
showed only a non-significant reduction relative to the HFD group. In contrast, the lower dose (LP5) was
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ineffective across all parameters and was even associated with a further increase in subcutaneous fat,
revealing a non-monotonic, threshold-like dose-response relationship that warrants further investigation
with intermediate doses.

These findings position LP as a novel, multifunctional, plant-derived bioactive peptide fraction with anti-
obesity potential, complementing its previously reported anti-inflammatory, hypoglycemic, and
antinociceptive activities. Because the fraction was administered parenterally in this proof-of-concept
study, however, its translation into an orally active ingredient for functional foods or nutraceuticals will
depend on future work establishing its oral bioavailability, defining a full dose-response relationship,
identifying the specific peptide(s) responsible for the anti-obesity effect, and confirming efficacy and
safety in larger, dose-balanced cohorts. With these steps, LP may represent a promising addition to the
growing repertoire of food-derived bioactive peptides being explored for the prevention and management
of obesity.

Declarations
ACKNOWLEDGMENTS 

The authors thank CNPq for the master’s scholarship granted to the first author. This study was
supported by Brazilian Agencies: Fundação Cearense de Apoio ao Desenvolvimento Científico e
Tecnologico (FUNCAP) and Conselho Nacional de Desenvolvimento Científico e Tecnologico (CNPq).
This study is part of the consortium “Molecular Biotechnology of Plant Latex”. 

The research's Article Processing Fee was sponsored by the Coordenação de Aperfeiçoamento de
Pessoal de Nível Superior-CAPES (ROR indicator: OOxOma614). 

DATA AVAILABILITY

Data will be made available on request.

COMPETING INTEREST 

The authors declare that they have no known competing financial interests or personal relationships that
could appear to have influenced this study.

References
1. Powell-Wiley TM, Poirier P, Burke LE, Després JP, Gordon-Larsen P, Lavie CJ, et al. Obesity and

cardiovascular disease: A scientific statement from the American Heart Association. Circulation.
2021;143(21):e984–e1010.

2. Piché ME, Tchernof A, Després JP. Obesity phenotypes, diabetes, and cardiovascular diseases. Circ
Res. 2020;126(11):1477–1500.

Page 11/18



3. Tak YJ, Lee SY. Anti-obesity drugs: Long-term efficacy and safety: An updated review. World J Mens
Health. 2021;39(2):208–221.

4. Dos Santos UP, Tolentino GS, Morais JS, de Picoli Souza K, Estevinho LM, Dos Santos EL.
Physicochemical characterization, microbiological quality and safety, and pharmacological potential
of Hancornia speciosa Gomes. Oxid Med Cell Longev. 2018;2018:2976985.

5. Saravanan M, Pandikumar P, Ignacimuthu S. Effect of active sub-fraction of Ichnocarpus frutescens
(L.) R. Br. in the management of obesity. J Ethnopharmacol. 2016;177:117–125.

6. Kamalakkannan S, Rajendran R, Venkatesh RV, Clayton P, Akbarsha MA. Antiobesogenic and
antiatherosclerotic properties of Caralluma fimbriata extract. J Nutr Metab. 2010;2010:285301.

7. Kumari S, Saini R, Mishra A. Phytochemical profiling and evaluation of the antidiabetic potential of
Ichnocarpus frutescens (Krishna Sariva): Kinetic study, molecular modelling, and free energy
approach. J Biomol Struct Dyn. 2014;4:1–20.

8. Kuriyan R, Raj T, Srinivas SK, Vaz M, Rajendran R, Kurpad AV. Effect of Caralluma fimbriata extract on
appetite, food intake and anthropometry in adult Indian men and women. Appetite. 2007;48(3):338–
344.

9. Pothuraju R, Sharma RK, Chagalamarri J, Jangra S, Kumar Kavadi P. A systematic review of
Gymnema sylvestre in obesity and diabetes management. J Sci Food Agric. 2014;94(5):834–840.

10. Islam MS, Lucky RA. A study on different plants of Apocynaceae family and their medicinal uses.
Univers J Pharm Res. 2019;4(1):40–44.

11. Pereira AC, Pereira AB, Moreira CC, Botion LM, Lemos VS, Braga FC, et al. Hancornia speciosa
Gomes (Apocynaceae) as a potential anti-diabetic drug. J Ethnopharmacol. 2015;161:30–35.

12. Wadhwani BD, Mali D, Vyas P, Nair R, Khandelwal P. A review on phytochemical constituents and
pharmacological potential of Calotropis procera. RSC Advances. 2021;11(57):35854–35878.

13. Batool H, Hussain M, Hameed M, Ahmad R. A review on Calotropis procera its phytochemistry and
traditional uses. BDA. 2020;2(2):29–31. https://doi.org/10.26480/bda.02.2020.29.31

14. Verma R, Satsangi GP, Shrivastava JN. Ethno-medicinal profile of different plant parts of Calotropis
procera (Ait.) R. Br. Ethnobot Leaflet. 2010;14:721–742.

15. Bairagi SM, Ghule P, Gilhotra R. Pharmacology of natural products: An recent approach on Calotropis
gigantea and Calotropis procera. Ars Pharm. 2018;59(1):37–44.

16. Meena AK, Yadav AK, Niranjan US, Singh B, Nagariya AK, Sharma K, et al. A review on Calotropis
procera Linn and its ethnobotany, phytochemical, pharmacological profile. Drug Invent Today.
2010;2(2):185–190.

17. Alencar NM, Oliveira JS, Mesquita RO, Lima MW, Vale MR, Etchells JP, et al. Pro- and anti-
inflammatory activities of the latex from Calotropis procera (Ait.) R.Br. are triggered by compounds
fractionated by dialysis. Inflamm Res. 2006;55(12):559–564.

18. Choedon T, Mathan G, Arya S, Kumar VL, Kumar V. Anticancer and cytotoxic properties of the latex of
Calotropis procera in a transgenic mouse model of hepatocellular carcinoma. World J Gastroenterol.

Page 12/18



2006;12(16):2517–2522.

19. Roy S, Sehgal R, Padhy BM, Kumar VL. Antioxidant and protective effect of latex of Calotropis
procera against alloxan-induced diabetes in rats. J Ethnopharmacol. 2005;102(3):470–473.

20. Soares PM, Lima SR, Matos SG, Andrade MM, Patrocínio MC, de Freitas CD, et al. Antinociceptive
activity of Calotropis procera latex in mice. J Ethnopharmacol. 2005;99(1):125–129.

21. Winitchaikul T, Sawong S, Surangkul D, Srikummool M, Somran J, Pekthong D, et al. Calotropis
gigantea stem bark extract induced apoptosis related to ROS and ATP production in colon cancer
cells. PLOS ONE. 2021;16(8):e0254392.

22. Freitas AP, Bitencourt FS, Brito GA, de Alencar NM, Ribeiro RA, Lima-Júnior RC, et al. Protein fraction
of Calotropis procera latex protects against 5-fluorouracil-induced oral mucositis associated with
downregulation of pivotal pro-inflammatory mediators. Naunyn Schmiedebergs Arch Pharmacol.
2012;385(10):981–990.

23. Oliveira KA, Araújo HN, Lima TI, Oliveira AG, Favero-Santos BC, Guimarães DSPSF, et al.
Phytomodulatory proteins isolated from Calotropis procera latex promote glycemic control by
improving hepatic mitochondrial function in HepG2 cells. Saudi Pharm J. 2021;29(9):1061–1069.

24. Ramos MV, Freitas APF, Leitão RFC, Costa DVS, Cerqueira GS, Martins DS, et al. Anti-inflammatory
latex proteins of the medicinal plant Calotropis procera: A promising alternative for oral mucositis
treatment. Inflamm Res. 2020;69(9):951–966.

25. Sousa BF, Silva AFBD, Lima-Filho JV, Agostinho AG, Oliveira DN, de Alencar NMN, et al. Latex
proteins downregulate inflammation and restores blood-coagulation homeostasis in acute
Salmonella infection. Mem Inst Oswaldo Cruz. 2020;115:e200458.

26. Smith C, Krygsman A. Hoodia gordonii extract targets both adipose and muscle tissue to achieve
weight loss in rats. J Ethnopharmacol. 2014;155(2):1284–1290.

27. Ahmad A, Ali T, Kim MW, Khan A, Jo MH, Rehman SU, et al. Adiponectin homolog novel osmotin
protects obesity/diabetes-induced NAFLD by upregulating AdipoRs/PPARα signaling in ob/ob and
db/db transgenic mouse models. Metabolism. 2019;90:31–43.

28. Carvalho KMMB, Melo TS, Melo KM, Quinderé ALG, Oliveira FTB, Viana AFSC, et al. Amyrins from
Protium heptaphyllum reduce high-fat diet-induced obesity in mice via modulation of enzymatic,
hormonal and inflammatory responses. Planta Med. 2017;83(3-4):285–291.

29. Ramos MV, Oliveira JS, Figueiredo JG, Figueiredo IS, Kumar VL, Bitencourt FS, et al. Involvement of
NO in the inhibitory effect of Calotropis procera latex protein fractions on leukocyte rolling, adhesion
and infiltration in rat peritonitis model. J Ethnopharmacol. 2009;125:387–392.

30. Pérez EMS, Alencar NMN, Figueiredo IST, Aragão KS, Gaban SVF. Effect of safflower oil (Carthamus
tinctorius L.) supplementation in the abdominal adipose tissues and body weight of male Wistar rats
undergoing exercise training. Food Chem Mol Sci. 2022;4:100083.

31. Meyer N, Kröger M, Thümmler J, Tietze L, Palme R, Touma C. Impact of three commonly used blood
sampling techniques on the welfare of laboratory mice: taking the animal's perspective. PLoS ONE.
202;15(9):e0238895.

Page 13/18



32. American Veterinary Medical Association. AVMA guidelines for the euthanasia of animals: 2020
edition. 2020. Schaumburg: American Veterinary Medical Association.

33. Verhaegen AA, Van Gaal LF. Drug-induced obesity and its metabolic consequences: a review with a
focus on mechanisms and possible therapeutic options. J Endocrinol Invest. 2017;40(11):1165–
1174.

34. Neto MCL, Vasconcelos CFB, Thijan VN, Caldas GFR, Araújo AV, Costa-Silva JH, et al. Evaluation of
antihyperglycaemic activity of Calotropis procera leaves extract on streptozotocin-induced diabetes
in Wistar rats. Rev Bras Farmacogn. 2013;23(6):913–919.

35. Ramos MV, Freitas LBN, Bezerra EA, Morais FS, Lima JPMS, Souza PFN, et al. Structural analysis
revealed the interaction of cardenolides from Calotropis procera with Na⁺/K⁺ ATPases from
herbivores. Protein Pept Lett. 2022;29(1):89–101.

36. Freitas CDT, Silva RO, Ramos MV, Porfírio CTMN, Farias DF, Sousa JS, et al. Identification,
characterization, and antifungal activity of cysteine peptidases from Calotropis procera latex.
Phytochemistry. 2020;169:112163.

37. Khan MA. Antihyperglycemic and antidyslipidemic effect of Calotropis flowers in experimental
diabetic rats. Pak J Med Dent. 2024;5(1):28–35.

38. Ajiboso SO, Yakubu MT, Oladiji AT. Evaluation of anti-hyperlipidemic potential of aqueous extract of
Calotropis procera leaf in alloxan-induced diabetic rat. Pharm Chem J. 2016;3(2):161–167.

39. Abd Alrheam AIA, Shehri ZSA. Ethanopharmacological study of the aqueous, chloroform, ethanol
leaves extracts and latex of Calotropis procera in diabetic rats. Biomed Res Ther. 2015;2(11):396–
401.

40. Manzoor M, Muroi M, Ogawa N, Kobayashi H, Nishimura H, Chen D, et al. Isoquercitrin from
Apocynum venetum L. produces an anti-obesity effect on obese mice by targeting C-1-
tetrahydrofolate synthase, carbonyl reductase, and glutathione S-transferase P and modification of
the AMPK/SREBP-1c/FAS/CD36 signaling pathway in mice in vivo. Food Funct. 2022;13(21):10923–
10936.

41. de Freitas CDT, Lopes JLS, Beltramini LM, Oliveira RSB, Oliveira JTA, Ramos MV. Osmotin from
Calotropis procera latex: new insights into structure and antifungal properties. Biochim Biophys
Acta. 2011;1808(10):2501–2507.

42. Hassan S, Atef A, Ali HM, Alshamrani R, Ramadan A. First report of triterpenes pathway in Calotropis
procera revealed to accumulate beta-amyrin. Saudi J Biol Sci. 2022;29(5):3647–3653.

43. 43. Ramos MV, Aguiar VC, Silva-Xavier AA, Lima MW, Bandeira GP, Etchells JP, et al. Latex proteins
from the plant Calotropis procera are partially digested upon in vitro enzymatic action and are not
immunologically detected in fecal material. Fitoterapia. 2006;77(4):251–256.

Figures

Page 14/18



Figure 1

Methodology: Evaluating the effects of C. procera Latex Protein (LP) on High-Fat Diet (HFD) models.

Figure 2

Food intake (A) and body weight (B) of mice fed a normal diet (ND), a high-fat diet (HFD), or HFD plus C.
procera latex protein fraction at 5 mg/kg i.p. (LP5) or 50 mg/kg i.p. (LP50). Values are mean ± SEM, n =
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4–12.

Figure 3

Subcutaneous (A), periepididymal (B) and retroperitoneal (C) fat weights of mice fed a normal diet (ND),
a high-fat diet (HFD), or HFD plus C. proceralatex protein fraction at 5 mg/kg i.p. (LP5) or 50 mg/kg i.p.
(LP50). Values are mean ± SEM, n = 4–12. *p < 0.05.

Figure 4

Effect of the protein fraction of Calotropis procera latex (LP, 50 mg/kg, i.p.) on total cholesterol and
triglyceride levels (mg/dL) (A) and glucose levels (B) in Normal Diet (ND), High-Fat Diet (HFD), and HFD +
LP50 groups. Data are expressed as mean ± SEM. Different symbols (# vs. &) indicate statistically
significant differences between groups within each lipid parameter (panel A); *p < 0.05 (panel B) (one-
way ANOVA followed by Tukey's post hoc test).
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Figure 5

Effect of the protein fraction of Calotropis procera latex (LP, 50 mg/kg, i.p.) on TNF-α (pg/mL) (A) and IL-6
(pg/mL) (B) levels in mice fed a normal diet (ND), a high-fat diet (HFD), or HFD + LP50. Data are
expressed as mean ± SEM. *p < 0.05 (one-way ANOVA followed by Tukey's post hoc test).

Page 17/18



Figure 6

Right kidney (A), left kidney (B), heart (C), liver (D), and spleen (E) weights of mice fed a normal diet (ND),
a high-fat diet (HFD), or HFD plus C. procera latex protein fraction at 5 mg/kg i.p. (LP5) or 50 mg/kg i.p.
(LP50). Values are mean ± SEM, n = 4–12.
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