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A B S T R A C T   

Euphorbia lathyris seeds have been used to treat various medical conditions. We previously reported that 
ethanolic extract from the defatted seed of Euphorbia lathyris (EE) (variety S3201) possesses a potent in vitro 
antitumor activity against colon cancer (CRC) cell lines. However, the effects of EE on CRC in vivo models and its 
possible preventive activity have not been elucidated. The aim of this study is to develop an in vivo study to 
corroborate its efficacy. For this purpose, two tumor induction models have been developed. In orthotopic 
xenograft model, it has been shown that EE reduces tumor size without hematological toxicity. The ethanolic 
extract induced an intense apoptosis in tumors mediated by caspase 3. Using the Azoxymethane/Dextran Sulfate 
Sodium model, a reduction of dysplastic polyps has been demonstrated, showing its preventive power. 
Furthermore, EE promoted the presence of an eubiotic microbiotal environment in the mucosa of the colon and 
induced an increase in antioxidant enzyme activity. This fact was accompanied by a modulation of cytokine 
expression that could be related to its protective mechanism. Therefore, although further experiments will be 
necessary to determine its applicability in the treatment of CRC, ES could be a new prevention strategy as well as 
treatment for this type of tumor, being a powerful candidate for future clinical trials.   

1. Introduction 

Colorectal cancer (CRC) currently ranks the third most common type 
of cancer worldwide in both sexes and the second cause of cancer- 
related mortality, causing up to 1 million deaths annually [1,2]. Di-
etary patterns and lifestyle, including physical inactivity, excess body 
weight, red and processed meats and refined carbohydrates, chronic 
hyperinsulinemia, alcohol consumption, and early smoking are modifi-
able and preventable risk factors for CRC [3]. In addition, the devel-
opment of screening programs (secondary prevention) for early 
detection of CRC, offers the opportunity to detect premalignant lesions 
[4]. However, despite prevention measures, the incidence of CRC re-
mains high, both at non-metastatic stages —usually treated with surgical 
resection [5]— an advanced stages —which require chemotherapy 

treatment (e.g., 5-Fluorouracil, Capecitabine, Irinotecan, or Oxaliplatin, 
administered alone or in combination) [6,7]. Moreover, monoclonal 
antibodies and multiple kinase inhibitors are being used to improve 
patient prognosis [8]. Remarkably, 20–25% of patients present with 
metastatic CRC at disease onset, and 50% of patients will eventually 
develop metastases [9]. In these cases, currently available therapies 
have not achieved significant modifications in the 5-year overall sur-
vival rates, which remain below 15% [10]. Furthermore, chemothera-
peutic drugs cause adverse effects and drug resistance, which decrease 
life expectancy and quality [11]. Therefore, the development of new 
therapeutic alternatives that improve the results of current treatments is 
a priority [12]. 

In this context, plant extracts as a source of antitumor bioactive 
compounds are gaining great importance, being considered a new 
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therapeutic strategy [13,14]. Specifically, the genus Euphorbia, 
belonging to the Euphorbiaceae family, has shown significant antioxi-
dant, anti-inflammatory, hepatoprotective and antitumor effects [15]. 
Recently, we used Euphorbia lathyris seeds (variety S3201) to develop an 
ethanolic extract (Euphorbia lathyris ethanolic extract-EE) with a high 
proportion of polyphenols, including esculetin, euphorbetin, gaultherin 
and kaempferol-3-rutinoside [16]. Previous studies showed that similar 
seeds contained numerous diterpenes and triterpenes [17], 
lathyran-type diterpenoids [18], and ingenol and Euphorbia factors 
[19], among other biologically active compounds. Recently, some of 
these compounds exhibited antitumor activity against leukemia, skin 
cancer [20,21] and hepatocellular carcinoma [22], and even ability to 
modulate chemotherapy resistance mechanisms (e.g., P-glycoprotein) 
[23]. Our in vitro assays demonstrated striking antitumor activity against 
colon cancer cells (both resistant and non-resistant) through activation 
of apoptosis and autophagy. Interestingly, the EE also showed great 
activity against colon cancer stem cells (CSCs), suggesting its potential 
use as a new therapeutic strategy for the treatment of CRC [16]. 

Finally, recent studies associated the high presence of polyphenol 
content in fruits and seeds with benefits on gut microbiota [24]. Mod-
ulation of the microbiota seems an essential process in colon cancer 
initiation, progression and resistance [25]. In fact, there are numerous 
changes in the microbiome associated with different tumor stages [26]. 
Some studies demonstrated antitumor effects and ability to promote the 
regulation of the microbiota in different plant extracts. A probiotic 
consisting of lactobacillus gasseri 505 and Cudrarnia tricuspidata leaf 
extract in fermented milk (FCT) showed a protective effect against colon 
cancer in an in vivo model of Azoxymethane (AOM)/Dextran Sulfate 
Sodium (DSS) administration by regulating inflammation, carcinogen-
esis and modulation of the intestinal microbiota by increasing the pop-
ulation of Lactobacillus, Bifidobacterium and Akkermansia [27]. Likewise, 
different polyphenols and their metabolites showed ability to induce 
changes in the microbiota which protect against mucosal alterations 
such as colitis and even CRC [28]. 

The aim of this study was to corroborate the in vivo antitumor activity 
of the E. lathyris EE, which already demonstrated significant anti-
proliferative activity on different colon cancer cell lines. To evaluate this 
antitumor effect, two different models of colon cancer were used, a 
heterotopic xenograft model obtained by subcutaneous implantation of 
tumor cells, and a model of colon carcinogenesis induced by AOM/DSS. 
Our results suggest that our ethanolic extract of E. lathyris may be a new 
therapeutic strategy to improve CRC treatment. 

2. Materials and methods 

2.1. Plant Material and ethanolic extract development 

Mature seeds of E. lathyryis (variety S3201) were transferred by 
Agrointec Solutions S.L. (Almería, Spain). The ethanolic extract, after a 
seed defatting process carried out by CELLBITEC S.L, was developed 
following our own protocol [16]. Briefly, an ethanolic extract (Ethanol: 
type I water: 12 N HCl; 50:50:0.2) was obtained by two serial extractions 
(pH 2, and temperature 4 ◦C in a reducing atmosphere for 30 min in a 
magnetic stirrer). Once the ethanolic extract was obtained, the ethanol 
was evaporated using a vacuum evaporator (Savant DNA120 SpeedVac 
Concentrator, ThermoSci, Waltham, MA, USA) (Eppendorf Concentrator 
5301). Finally, the ethanolic extract from defatted seeds of E. lathyris 
was resuspended in saline serum to a concentration of 25 mg/mL, ali-
quoted and stored at − 20 ◦C until administration. 

2.2. Hemolysis assay 

The hemolysis assay was performed using human blood from a 
healthy donor (25 mL in collection tubes with EDTA) (Andalusian Public 
Health System Biobank) and following our own protocol [29]. After 
erythrocyte dilution (1:50) (pH 7.4), 190 µl was added to 96-well plates. 

Similarly, EE was added at different concentrations (1–100 ug/mL) in a 
volume of 10 µl per well. Triton X-100 (10 µl; 20%) and phosphate buffer 
pH 7.4 (10 µl) were used as positive and negative controls, respectively. 
The plate was incubated for 1 h at 37 ◦C with shaking (15 rpm), 
centrifuged at 500xg for 5′, and the supernatant (100 µl) was transferred 
to another 96-well plate. The percentage of hemoglobin released by 
erythrocytes was determined by spectrophotometry (wavelength of 492 
nm) with a Titertekmultiscan colorimeter (492 nm) (Flow, Irvine, Cal-
ifornia) using the formula: 

Hemolysis(%) =
abs.of the sample− abs.of the negative control

abs.of the positive control x100 
To analyze morphological modifications, light microscopy images of 

erythrocytes exposed to EE were taken. 

2.3. Peripheral lymphocyte assay 

White blood cells (WBCs) from healthy donors (25 mL of blood) were 
isolated using Ficoll-Paque (v/v) to perform a proliferation assay 
following our own protocol [30]. The cells were cultured in 96-well 
plates (2 ×104 cells/well) in a volume of 90 µl. EE (10 µl) was added 
to each well from a stock solution to reach a final concentration ranging 
from 1 to 100 µg/mL and were incubated for 1 and 12 h at 37 ◦C and 5% 
CO2 in a humidified atmosphere. Then, the viability of WBCs was 
determined by the Cell Counting Kit-8 (CCK-8) (Sigma-Aldrich, Saint 
Louis, MO, USA) after an incubation (3 h) with CCK-8 solution (10%). 
Absorbance at 450 nm was measured using a microplate reader. 

2.4. In vivo assays 

Brown female C57BL/6 mice (weight 18–20 g, 6 weeks old) (Charles 
River Laboratories Inc, Wilmington, MA, USA) were used in all in vivo 
experiments. Mice were housed in colony cages with free access to water 
and food prior to the experiments. The light and temperature were al-
ways controlled (22 ◦C, and 12 h light–dark cycle). All animal studies 
were approved by the Ethics Committee on Animal Experimentation of 
the University of Granada (Reference code: 16/01/2020/005) and in 
accordance with international standards (European Communities 
Council Directive 2010/63). 

2.4.1. Orthotopic xenograft murine colorectal cancer models 
For subcutaneous tumor induction, the MC-38 murine CRC cell line 

(American Type Culture Collection, Rockville, MD, USA) was cultured in 
vitro with Dulbecco’s Modified Eagle’s Medium (DMEM) (Sigma- 
Aldrich, Madrid, Spain) supplemented with 10% fetal bovine serum 
(FBS) (Gibco, Madrid, Spain) and 1% antibiotic composed by strepto-
mycin and amphotericin B mixture (ATB) (Sigma Aldrich, Madrid, 
Spain). Subcutaneous tumors were induced injecting 5 × 105 cells of the 
MC38 cell line resuspended in 100 µl of PBS into the right flank of the 
animal. When tumors were palpable (2 × 2 mm), mice were randomly 
divided into 2 groups (n = 14): a control group (CT+) and a group 
treated with EE. Treatment with EE (250 mg/Kg) was administered by 
intraperitoneal injection every 3 days for a total of 7 doses of EE. The 
weight of the animal was controlled, tumor growth was monitored by 
measuring its dimensions with a digital capillary every 3 days. Tumor 
volume (mm3) was calculated using the following formula: 

V
(
mm3) =

a x b2 x π
6  

where “a” is the largest diameter of the tumor, and “b” is the largest 
diameter perpendicular to “a”. The end point of the experiment and the 
sacrifice of mice was day 40 from the inoculation of tumor cells. Finally, 
samples from tumor and different organs (liver, lung and spleen) were 
obtained for inclusion in paraformaldehyde (Fig. 1A). 

2.4.2. AOM/DSS induction of colorectal cancer model 
A total of 28 mice were treated with a single intraperitoneal injection 
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of AOM (12 mg/kg) (Sigma-Aldrich, Madrid, Spain). After 48 h, mice 
received 2% DSS (Sigma-Aldrich) in drinking water for 5 days. After a 
15-day rest period with normal water, a second cycle of 2% DSS was 
administered for 5 days and, subsequently, a 5-day cycle of 3% DSS. 
After the last 15 days of rest, mice were randomly allocated into two 
groups (n = 14): a group control (CT+) and a group treated with EE. In 
addition, a third group (n = 5) was formed with healthy mice (CT-). 
Treatment (250 mg/Kg) was administered by intraperitoneal injection 
every 3 days for a total of 19 doses. During the 57 days of treatment, the 
CT+ and CT- groups had free access to water and food. The end point of 
the experiment and the sacrificed of mice was on the 116th day from 
injection of AOM. Samples of different organs (liver, lung and spleen) 
were preserved for subsequent fixation in paraformaldehyde. In this 
case, colon samples were included using the Swiss-rolling technique 
[31] (Fig. 1B). 

2.5. Morphological and histological analysis: polyps size and distribution 

The colon of mice was obtained by incision, opened and photo-
graphed using ImageJ to count and measure polyps. Samples from 
tumor, organs and Swiss-roll were fixed in paraformaldehyde (24 h) and 
included in paraffin blocks to obtain 5 µm sections with a rotary 
microtome (Leica, Wetzlar, Germany). After deparaffinizing and hy-
drating, the sections were stained with hematoxylin-eosin (H&E) and 
pentachrome methods [32]. In addition, caspase 3 (sc-271759) expres-
sion was analyzed using immunofluorescence (mAbs at 1:100). 
Alexa-488® was used as secondary mAb (sc-2359, Santa Cruz 

Biotechnology, INC.) These images were obtained with a photographic 
microscope (Nikkon Eclipse Ni, Melville, USA). 

2.6. Carbonic anhydrase analysis in tumor 

To determine the carbonic anhydrase activity of cancer tissue, sam-
ples from subcutaneous tumors were conserved in liquid nitrogen, ho-
mogenized and processed following the protocol described by Gai et al. 
[33]. Briefly, cold carbonated water was added to the homogenized 
samples (2 µg of total protein) and phenol red was used as a colorimetric 
pH marker. Absorbance at 557 nm was measured using a spectropho-
tometer (Titertekmultiscan colorimeter, Flow, Irvine, California). 

2.7. Hematological toxicity analysis 

To evaluate the possible hemotoxicity of EE, analysis of mice blood 
was carried out. Before euthanasia, mice were anesthetized and a blood 
sample (1 mL/animal) was collected by cardiac puncture. The hemo-
gram was processed in Mslab21 Medical Lab Fully Auto Hematology 
Analyzer/Cbc Test Machine (Medsinglong Global Group Co, China). 

2.8. DNA extraction and bacterial identification in cecal samples 

After mice were euthanized, colon contents were collected for 
microbiota profiling. Cecal content collected at the end of the experi-
ment was used for genomic DNA (gDNA) isolation. Extraction was car-
ried out using the QIAamp® PowerFecal® DNA kit following the 

Fig. 1. Schematic representation of the in vivo assay using two CRC induction models. A) Orthotopic xenograft murine CRC cancer model. After 16 days of cell 
inoculation, a subcutaneous tumor was detected. Treatment with EE was applied during 19 days using an intraperitoneal injection every 3 days. After mice sacrifice, 
tumor samples were obtained for histological analysis. B) AOM/DSS induction of CRC cancer model. Tumor induction was developed during 59 days. Treatment with 
EE was applied during 57 days using an intraperitoneal injection every 3 days. After mice sacrifice, organs were obtained for histological analysis. In addition, the 
Swiss-roll technique was carried out to preserve the colon and to perform histological analysis. 
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manufactureŕs protocol for process automation with the QIAcube robot. 
Quantification of gDNA was performed by fluorometry (qubit). gDNA 
samples were analyzed by sequencing the V4 region (233 bp) of 16S 
ribosomal RNA (rRNA) genes using the MiSeq system (Illumina, San 
Diego, CA, USA). Library preparation, pooling, and miniSeq sequencing 
were performed at the Institute of Parasitology and Biomedicine "López- 
Neyra" (IPBLN) from the Spanish National Research Council (CSIC). 
Reaction steps were as follows: denaturation 3 min at 95 ◦C, (denatur-
ation 30 s at 95 ◦C, annealing 30 s at 55 ◦C, elongation 30 s at 72 ◦C) ×
25 cycles, and extension 5 min at 72 ◦C indexed with 8 PCR cycles to 
amplify the V3-V4 regions of the 16S rRNA gene with the following 
primers: 16 S ProV3V4 forward 5′->3′ 5′ CCTACGGGNBGCASCAG 3′

and 16S ProV3V4 reverse 5′->3′ 5′ GACTACNVGGGTATCTAATCC 3′. 
Results were obtained from the Illumina analysis software version 
2.6.2.3 and presented for the taxonomic levels of Phylum, Family and 
Genus according to the top 8 or 9 for each taxonomic level. 

2.9. RNA extraction and quantitative RT‑PCR of colon gene expression 

Total RNA was isolated from a portion of colon by homogenization in 
1 mL of Tri-Reagent (Sigma-Aldrich). RNA was solubilized in Rnase-free 
H2O and treated with DNase (Applied Biosystems) to remove any DNA 
present in the sample. A total of 100–250 ng of RNA was reverse- 
transcribed according to standard protocols using a Lifepro Thermal 
Cycler (Bioer Serves Life, China). Quantitative RT-PCR was performed 
with QuantStudio 12 K Flex Real-Time PCR System (Applied Bio-
systems) using primer/probes for genes involved in oxidative meta-
bolism (Nfe2l2, sod1, sod2, cat, gpx2), genes coding for detoxification 
pathways (NQO1 and gsta2), markers involved in inflammatory pro-
cesses (Tnf, IL-1b y IL-6) and glucose metabolism (gcg) (Applied Bio-
systems). The PCR master mix reaction included the first-strand cDNA 
template, primers/probes, and 2X TaqMan Fast Universal PCR Master 
Mix, No AmpErase UNG (Applied Biosystems). Relative quantification 
was performed using the comparative Ct (2− ΔCt) method. ß-actin was 
used as internal control. 

2.10. Western blot quantification of proteins extracted from tumor 
samples 

After the end-point of in vivo assay, subcutaneous tumors were 
included in liquid nitrogen and subsequently stored at − 80 ◦C until 
their use. For protein extraction, CT+ and EE tumor samples were dis-
solved in RIPA (Radio-Immunoprecipitation Assay) lysis buffer (Thermo 
Fisher Scientific, Waltham, MA, USA) at a ratio of 100 mg sample/400 µl 
of RIPA. Once homogenized and sonicated, they were incubated at 4 ◦C 
for 15 min and centrifuged at 1000 g during 5 min to obtain the su-
pernatant. Through Bradford and using albumin as a standard curve, the 
total proteins of the samples were quantified. For electrophoresis, 80 µg 
of protein from each sample (CT+ and EE) were heated at 95 ◦C for 
5 min and separated in 10% SDS-PAGE gel in a Mini Protean II cell (Bio- 
Rad, Hercules, CA, USA) (100 V at 4ªC for 2 h 30 min). Proteins were 
transferred to a nitrocellulose membrane with a 45 µm pore size (200 V 
at room temperature (RT) for 1 h 15 min) (Millipore, Burlington, MA, 
USA) and treated with blocking solution (Phosphate- Buffered Saline 
(PBS)− 0.1% Tween-20 + 5% (w/v) milk powder) for 1 h. After 
washing three times with PBS-0.1% Tween-20, membranes were incu-
bated with the primary antibody for 1 h (anti-caspase-8 (sc-166320), 
1:1000 dilution; and anti-caspase-9 (sc-133109), 1:1000 dilution (Santa 
Cruz Biotechnology, Santa Cruz, CA, USA); anti-PARP1 [E102] (ab- 
32138), 1:2000 dilution; and anti TGF-β1 (ab-92486), 1:500 dilution 
(Abcam, Cambridge, UK)). After three washes, the membranes were 
incubated for 1 h at RT with the secondary antibody peroxidase conju-
gate (1:5000 dilution) (mouse anti-rabbit IgG-HRP (sc-2357) and goat 
anti-mouse IgG-HRP (sc-516102), Santa Cruz Biothecnology, CA, USA). 
Finally, anti-β-actin IgG (A3854, Sigma Aldrich, Madrid, Spain) 
(1:10,000 dilution) was used as an internal control. Signals were 

detected by an ECLTM Western blot detection reagent (Enhanced 
Chemiluminescence; Bonnus, Amersham, Little Chalfont, UK) [34]. 
Once the Western blot was performed, the bands obtained in the gels 
were analyzed using Quantity One analytical software (Bio-Rad, Her-
cules, CA, USA). 

2.11. Statistical analyses 

All results were carried out in triplicate and expressed as mean 
± standard deviation (SD). Bivariate analyses, including Student’s t-test 
and one-way ANOVA were applied for group comparisons. Statistical 
analyses were performed with Statistical Package for the Social Sciences 
(SPSS) v. 15.0. Differences were considered statistically significant at a 
p-value < 0.05. 

3. Results 

3.1. Euphorbia lathyris ethanolic extract blood cell toxicity 

As shown in Fig. 2, EE did not induce erythrocyte agglutination even 
at the highest concentration tested (Fig. 2A). Moreover, the percentage 
of hemolysis was always less than 2%, even at a dose of 100 ug/mL, 
demonstrating that there was no erythrocyte toxicity (Fig. 2B). On the 
other hand, exposure of WBC to EE (1 and 12 h) did not induce toxicity, 
as the percentage of WBC proliferation for all doses tested was above 
80% (Fig. 2C). 

3.2. Euphorbia lathyris ethanolic extract and CRC subcutaneous tumors 

3.2.1. Inhibition of subcutaneous tumor growth 
C57BL/6 mice with CRC (subcutaneous induction) were used to 

determine the antitumor activity of EE. As shown in Fig. 3A, after 7 
treatment cycles, a significant decrease in tumor size was detected in the 
group treated with EE relative to the control group. The decrease in 
tumor size was evident from the third cycle onwards. 

3.2.2. Histological analysis 
Subcutaneous tumors were analyzed histologically using both H&E 

and pentachrome methods (Fig. 3B and C). Tumors treated with EE 
showed less tumor cellularity and vascularization than controls (CT+). 
Specifically, H&E showed less nuclear staining and pentachrome images 
revealed an enriched collagen matrix (red), absence of red blood cells 
(yellow) and decrease in vasculature area in tumors treated with EE 
(area with blood vessels: 0,68%) relative to controls (area with blood 
vessels: 5.9%). In addition, cellular debris due to cell apoptosis could be 
observed in EE samples (necrotic area: 7.48%) in comparison with CT+
samples (no necrotic area). Moreover, tumors treated with EE were 
highly positive for caspase 3 staining (3.38% area), indicating an in-
crease in apoptosis compared to controls (Fig. 3D). Finally, carbonic 
anhydrase analysis revealed a 35.1% activity reduction in tumors 
treated with EE relative to control mice (Fig. 3E). In addition, a Western 
blot was carried out using CT+ and EE tumor samples to quantify the 
expression of apoptosis-related protein (caspase 8, caspase 9, and PARP- 
1). As shown in Fig. 3G, a clear activation of caspase 8, 9 and PARP-1 
(cleaved fractions) was detected. In addition, a significant increase in 
the cleaved fraction/total protein ratio in EE-treated tumors (5.16, 3.98, 
and 4.11-folds in caspase 8, 9, and PARP, respectively) compared to 
controls (CT+ tumors) was demonstrated. 

3.2.3. Hematological analysis 
Hematological analysis of the blood of mice before and after treat-

ment with EE showed no significant abnormalities, indicating null 
toxicity of the extract (Table 1). In fact, white blood cells (WBC), he-
moglobin (HGB) and platelets (PLT) reached 15,100/mm3, 10.34 g/dL 
and 453,900/mm3, respectively, in EE treated mice. These values indi-
cate the absence of hematological toxicity in EE treated mice. 
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3.3. Euphorbia lathyris ethanolic extract and CRC induced by AOM/DSS 

3.3.1. Modulation of polyp size and number 
C57BL/6 mice with CRC (AOM/DSS induction) were used to 

corroborate the antitumor activity of EE. As shown in Fig. 4, macro-
scopic analysis revealed a significant decrease in the number and size of 
polyps in the group treated with EE relative to the control group. In 
addition, quantification of tumor area percentage also demonstrated a 
significant reduction after treatment with EE. In fact, the group treated 
with EE showed a reduction in tumor area of more than 50% with 
respect to the control group. 

3.3.2. Hematological analysis 
Hematological analysis showed no toxicity of the extract in any of the 

parameters studied (Table 2). In fact, WBC, HGB and PLT reached 8250/ 
mm3, 15.18 g/dL and 819,220/mm3 respectively in EE treated mice. 
These values indicate the absence of hematological toxicity in EE treated 
mice. 

3.3.3. Histological analysis 
As shown in Fig. 5, histological study (H&E and pentachrome 

staining) of Swiss roll colon samples showed significantly fewer polyps 
with high-grade dysplasia in the colonic mucosa of mice treated with EE 
than in controls (untreated CT+ mice). Dysplastic polyps are charac-
terized by the presence of colonic epithelial cells with aberrant nuclei 
and abnormal colonic crypt organization without globet cells. In addi-
tion, histological studies of the spleen, lung and liver of the CT-, CT +
and EE groups were performed. Pentachrome staining of spleen samples 
showed a large invasion of white pulp (blue) in the red pulp (olive green) 
in CT+, which was significantly lower in the EE group. Both H&E and 
pentachrome staining of lung samples showed fibrotic changes and 
dysplasia in the CT+ group that were not observed in the EE group. 

Finally, pentachrome staining of liver samples showed fibrotic changes 
(collagen, red) in the CT+ group that were not observed in the EE group. 

3.3.4. Oxidative stress enzymes and inflammatory cytokines expression 
Colon tissue samples were processed to determine the modulation of 

oxidative stress detoxification enzyme expression by RT-qPCR. As 
shown in Fig. 6, the CT + group showed a significant decrease (approx. 
50%) in the expression of most of the enzymes analyzed (except GSTA) 
relative to the control group (CT-). Interestingly, analysis of the EE 
group showed a less significant decrease in enzyme expression than the 
CT+ group, especially in SOD2, GPX2 and NFE2L2. In addition, the 
levels of pro-inflammatory cytokines TNF-alpha, IL-6 and IL-1b were 
significantly decreased in the CT+ samples. Similar changes were found 
in the EE group, although it should be noted that the expression of TNF- 
alpha after treatment with EE was similar to that of the control. 

3.3.5. Microbiome analysis 
Colon tissue samples were studied to determine the modulation of 

the microbiome. Lactobacillus was the predominant genus in the CT- 
group. Analysis of the CT+ group demonstrated that the Lactobacillus 
genus was significantly decreased with predominant colitogenic bacte-
ria such as Akkermansia (Verrucomicrobiaceae) and Turicibacter. How-
ever, in mice treated with EE there was a clear recovery of Lactobacillus, 
while Turicibacter disappeared. In addition, the presence of Akkermansia 
increased in the EE group with respect to CT+ . At the family level, 
Clostridiaceae increased in CT+ relative to CT- and significantly 
decreased after treatment with EE (Fig. 7). 

4. Discussion 

Natural products remain essential in the discovery of anticancer 
compounds. Some plant species are gaining great interest for CRC 

Fig. 2. Toxicity of EE in blood cells. A) Representative light microscope images of erythrocytes after treatment with EE at different concentrations (10 and 100 ug/ 
mL). Scale bar = 25 µm. B) Percentage of erythrocyte hemolysis after treatment with EE at different concentrations. C) Toxicity of EE at different concentrations on 
WBCs after 1 and 12 h of treatment. Data are expressed as mean ± SD of triplicate samples. 
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therapy because current advances fail to achieve the expected results 
[35,36]. In this context, the genus Euphorbia has been studied as a 
source of bioactive antitumor compounds for several types of cancer 
[37]. However, the species Euphorbia lathyris and, more specifically, its 
seed, has not been tested. Previous in vitro results of our group [16] 
showed that the ethanolic extract from seeds of this species induced a 
strong in vitro antitumor activity against different CRC cell lines without 
cytotoxic effects on non-tumor cells. Therefore, this extract of Euphorbia 
lathyris was an optimal candidate for an in vivo study. Now, we 
demonstrated that EE has significant antitumor activity in the treatment 
of CRC both subcutaneous tumors and tumors induced in the colon 
mucosa with no toxicity in blood and organs. 

Our results showed that EE did not cause human blood damage 
including WBCs or erythrocyte (no agglutination or hemolysis (<2%)), 
even at the highest dose tested (100 ug/mL), being far from the per-
centage needed (10%) to consider it a hemolytic compound [38,39]. 
This relevant result differentiated the Euphorbia lathyris extract from 
other Euphorbia genera that have shown severe toxicity. In fact, Ade-
dapo et al. [40] showed the deleterious effect of Euphorbia hirtha on rat 
serum biochemistry, and Al-Sultan and Yehia [41] documented the 
harmful effect of Euphorbia heliscopia on different rat organs. Further-
more, prolonged exposures of rats to a methanolic extract of Euphorbia 
peplus negatively affected heart and kidney tissue, probably due to its 
inflammatory and apoptotic activity [42]. Conversely, EE did not induce 
blood or organ lesions in mice after in vivo assays, supporting its lack of 
toxicity. In fact, hemogram parameters remain unchanged before and 
after EE treatment, corroborating the previous study that was performed 

Fig. 3. In vivo inhibition of CRC (subcutaneous induction) growth after treatment with EE and histological analysis. A) Graphical representation of volume growth 
(mm3) in colon tumors (MC38 cancer cells) in C57BL/6 mice. Mice were treated using intraperitoneal administration of EE. Untreated mice were used as control 
group. Data are presented as mean ± SD (n = 14). ** Significant inhibition of tumor growth comparing treatments and comparing treatments with control 
(p < 0.01). Graphical (up part) includes representative images of colon tumors obtained after euthanasia of mice at the end of the last treatment cycle. B) Graphical 
representation of the percentage of carbonic anhydrase enzyme activity. C) Representative images of H&E staining of tumor samples from CT + and EE groups. D) 
Representative images of pentachrome staining of tumor samples from CT + and EE groups. Black asterisks indicate necrotic gaps, yellow asterisks show collagen 
matrix, and arrows indicate blood vessels (Scale bar = 100 µm). E) Expression of apoptosis marker (caspase 3) of tumor samples from CT + and EE groups. F) 
Graphical representation (quantification) of necrotic area (H&E images), blood vessels (pentachrome-stained images), and caspase 3 positivity (fluorescence images). 
G) Western blot of caspase 8, caspase 9 and PARP-1 expression showing native and cleaved fractions. β-actin was used as an internal control. H) Quantification of 
caspase 8, caspase 9 and PARP-1 expression (Western blot) based on the ratio between the cleaved fraction and native protein of samples treated with EE compared to 
the control (CT+). Data are presented as mean ± SD; * p < 0.05 vs. control group, ** p < 0.01 vs. control group. 

Table 1 
Hemogram of CT+ and EE groups at the end of treatment.  

Parameters CT+(±SD) EE (±SD) 

WBC (103/µl) 11.15 ± 0.50 15.10 ± 0.02 
RBC (106/µl) 4.78 ± 0.11 5.92 ± 0.13 
HGB (g/dL) 8.17 ± 0.17 10.34 ± 0.18 
HCT 24.81 ± 0.48 31.25 ± 0.52 
PLT (103/µl) 700.64 ± 88.66 453.9 ± 59.42 
LYM% 90.23 ± 0.36 90.75 ± 0.32 
MON% 3.97 ± 0.14 3.36 ± 0.15 
NEU% 4.10 ± 0.24 3.64 ± 0.17 
EOS% 0.03 ± 0.00 0.02 ± 0.00 
BAS% 1.67 ± 0.02 2.23 ± 0.12 
MCV (fL) 52.51 ± 0.39 53.49 ± 0.46 
MCH (pg) 17.24 ± 0.09 17.63 ± 0.10 
RDW 17.55 ± 0.22 19.4 ± 0.34 
MPV (fL) 8.24 ± 0.09 7.96 ± 0.13 
PCT 0.12 ± 0.01 0.2 ± 0.02 
PDW 30.91 ± 0.36 28.85 ± 1.03 

WBC = Total number of white blood cells; LYM% = % of Lymphocytes; MON% 
= % of Monocytes/Macrophages; NEU% = % of Neutrophils/Poly-
morphonuclear leukocytes; EOS% = % of Eosinophils; BAS% = % of Basophils; 
RBC = Total number of red blood cells; HGB = Hemoglobin; HCT = % Volume of 
blood occupied by red blood cells (hematocrit); MCV = mean corpuscular vol-
ume; MCH = Mean corpuscular hemoglobin; PLT = Total number of platelets; 
MPV = Mean platelet volume; PCT = % Volume of blood occupied by platelets 
(thrombocrit); PDW = Platelet size distribution. Data are presented as mean 
± SD. 
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in human blood cells. Moreover, histological studies using pentachrome 
and H&E staining after EE treatment showed absence of lesions (lung 
and liver samples) or low severe lesions (spleen samples). 

In vivo assays using two murine CRC models clearly demonstrated 

that EE treatment was effective in this type of tumor. First, volume of 
heterotopic xenograft tumors (subcutaneous tumors) significantly 
decreased after treatment with EE. In fact, a significant volume reduc-
tion was observed from the third dose applied. Histological analysis of 
tumor samples after EE treatment showed a marked decrease in the 
cellular component of tumors, which was replaced by a fibrous matrix. 
In fact, pentachrome images clearly showed high red staining, indicating 
the presence of collagen leading to intense fibrosis. Moreover, histo-
chemical analysis (pentachrome staining) demonstrated an anti-
angiogenic effect of EE supported by the absence of blood vessels in 
treated tumor samples relative to untreated samples. Interestingly, this 
antiangiogenic activity was supported by previous in vitro results using 
HUVEC cells [16], and could be related to the demonstrated presence of 
esculetin in EE [16], a molecule capable of inhibiting VEGF-induced 
angiogenesis both in vitro and in vivo (Park et al. [43]). Regarding the 
antitumor mechanism induced by EE in vivo, our results supported that 
apoptosis was mediated by caspase 3, 8 and 9, as shown by immuno-
fluorescence and Western blot analyses in tumor samples after treatment 
with EE. However, a clear inhibition of carbonic anhydrase activity was 
also observed. This enzymatic activity could be related to the presence of 
esculetin in EE, which has been demonstrated to inhibit tumor carbonic 
anhydrase [44,45]. This mechanism could be one of the triggers of 
tumor apoptosis activated by EE in our samples. Second, the use of a 
mouse model with AOM/DSS-induced tumors confirmed the antitumor 
activity of treatment with EE. Swiss roll histological images revealed 
successful induction of dysplastic polyps (cancer precursor lesions) in 
the colonic mucosa of mice. Interestingly, EE treatment significantly 
decreased these lesions with respect to untreated mice. These results 
suggest that EE treatment might not only have antitumor activity against 
colon tumors but also a preventive effect on the development of cancer 
precursor lesions (i.e., dysplastic polyps). In fact, this effect could also be 
related to the presence of esculetin in the extract, since this molecule 

Fig. 4. In vivo inhibition of CRC (AOM/DSS 
induction) growth after treatment with EE. A) 
Representative image of the dissected colon of 
four mice after completion of the in vivo 
experiment. White asterisks mark polyp for-
mation along the intestine. B) Graphical repre-
sentation of the percentage of tumor area and 
number of polyps in the groups treated with 
Euphorbia lathyris (EE) and the control group 
(CT+). Data are presented as mean ± SD 
(n = 14 for CT+ and EE groups, n = 5 for CT- 
group). * p < 0.05 vs. control group.   

Table 2 
Hemogram from CT-, CT+ and EE groups before the end of the experiment.  

Parameters CT- 
(x ± SD) 

CT+
(x ± SD) 

EE 
(x ± SD) 

WBC (103/µl) 9.86 ± 1.00 6.97 ± 0.94 8.25 ± 1.23 
RBC (106/µl) 10.22 ± 0.88 7.89 ± 1.31 9.77 ± 0.26 
HGB (g/dL) 16.08 ± 1.31 12.6 ± 1.13 15.18 ± 0.53 
HCT 46.43 ± 3.79 38.32 ± 2.80 44.27 ± 1.75 
PLT (103/µl) 672.44 ± 97.01 430.92 ± 54.33 819.22 ± 108.1 
LYM% 95.13 ± 0.95 93.04 ± 1.28 94.37 ± 0.72 
MON% 0.39 ± 0.06 0.94 ± 0.07 0.4 ± 0.09 
NEU% 3.81 ± 1.02 4.83 ± 0.09 4.5 ± 0.84 
EOS% 0.24 ± 0.05 0.1 ± 0.00 0.07 ± 0.03 
BAS% 0.44 ± 0.16 1.08 ± 0.26 0.66 ± 0.14 
MCV (fL) 45.49 ± 1.46 48.93 ± 4.63 45.32 ± 0.62 
MCH (pg) 15.77 ± 0.46 16.11 ± 1.21 15.53 ± 0.15 
RDW 14.01 ± 0.50 16.41 ± 2.34 14.39 ± 0.81 
MPV (fL) 5.88 ± 0.07 7.88 ± 0.81 5.88 ± 0.04 
PCT 0.43 ± 0.11 0.19 ± 0.13 0.48 ± 0.06 
PDW 22.3 ± 3.26 35.3 ± 8.91 21.04 ± 1.55 

WBC = Total number of white blood cells; LYM% = % of Lymphocytes; MON% 
= % of Monocytes/Macrophages; NEU% = % of Neutrophils/Poly-
morphonuclear leukocytes; EOS% = % of Eosinophils; BAS% = % of Basophils; 
RBC = Total number of red blood cells; HGB = Hemoglobin; HCT = % Volume of 
blood occupied by red blood cells (hematocrit); MCV = mean corpuscular vol-
ume; MCH = Mean corpuscular hemoglobin; PLT = Total number of platelets; 
MPV = Mean platelet volume; PCT = % Volume of blood occupied by platelets 
(thrombocrit); PDW = Platelet size distribution. Data are presented as mean 
± SD. 
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was able to inhibit the formation of the β-catenin/Tcf complex, a crucial 
pathway to the formation of dysplastic polyps, both in vitro and in vivo 
studies [46]. 

On the other hand, EE treatment induced relevant changes in 
microbiota, oxidative stress enzymes and pro-inflammatory cytokines in 
the colon tissue of AOM/DSS-induced tumors. Our results showed a 
significant increase in colitogenic and dysbiotic bacteria (Akkermansia, 
Turicibacter and Clostridiaceae) [47,48], and a decrease in eubiotic bac-
teria (Lactobacillus) in the colon of mice with AOM/DSS-induced tumors 
(CT+ group) compared to the control group (CT-). These changes may 
be explained by inflammatory processes involving the colonic mucosa. 
On the contrary, the colon of mice treated with EE showed increased 
numbers of Lactobacillus and absence of Turicibacter and Clostridiaceae 
relative to the CT+ group. Recently, the regulation of gut microbiota 
(including an increase in Lactobacillus in the colon) induced by evodi-
amine, an extract from the plant genus Tetradium, was associated with 
inhibition of CRC development [49]. In addition, the increase in Lacto-
bacillus by the use of a prebiotic has been related to a reduction in the 
risk of colitis-associated colon cancer [27]. On the other hand, Akker-
mansia paradoxically increased in groups treated with EE with respect to 
the CT+ group. This could be explained on the grounds that the presence 

of Akkermansia in human colonic microbiota has been related to 
increased responses to anti-PD-1/PDL-1 immunotherapy due to the 
similarity between Akkermansia and some tumor antigens [50]. 

Finally, RT-qPCR analyses revealed low expression of oxidative 
stress enzymes and pro-inflammatory cytokines in the colon of speci-
mens from the CT + group, which contrasted with the elevated levels of 
the same enzymes after treatment with EE. Exposure of the colonic 
mucosa to AOM/DSS induces oxidative stress and epithelial damage 
[51] leading to depletion of antioxidant enzymes such as GPX, SOD or 
CAT [52]. As shown in Fig. 8, we hypothesized that depletion of these 
enzymes could induce an arrest of the inflammatory response. This fact 
was supported by the decreased expression of cytokines (TNF-alpha, IL-6 
and IL-1b), suggesting the development of a protective mechanism 
against oxidative and inflammatory immunological stress in the colonic 
mucosa with lack of detoxification enzymes. Interestingly, after treat-
ment with EE, higher levels of oxidative stress enzymes in the colon 
mucosa were detected, probably associated with increased innate and 
inflammatory response [53]. In fact, we observed high levels of 
TNF-alpha and some oxidative stress enzymes in mice treated with EE. 
Considering that innate immunity and inflammatory cytokines are the 
first step for tumor antigen presentation and cytotoxic T cell response 

Fig. 5. Representative images of histological stains after tumor induction by AOM/DSS. The Swiss roll technique was used to analyze colon of treated (EE), untreated 
(CT+) and control (CT-) groups. Pentachrome (A) and H&E staining (B) of colon (Swiss roll) (scale bar = 1000 µm (upper) and 100 µm (lower)) spleen (scale bar =
1000 µm), liver (scale bar = 100 µm) and lung samples (scale bar = 1000 µm). Pentachrome staining shows dysplastic polyps as a green structure without globet cells 
(violet) (black arrows) and with some collagen fibrous tracts (red arrows). H&E staining showing the presence of polyps with dysplasia (red asterisks). Spleen samples 
show white pulp (a) and red pulp (b). In the case of CT + samples, invasion of white pulp into red pulp was observed, being less marked in the case of EE samples. 
Liver samples showed fibrotic changes (collagen) (red) in the CT + group that were not observed in the EE and CT- groups. Lung samples from the CT+ group showed 
fibrotic areas (green arrows) that did not appear in the EE and CT- groups. 
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[54], inactivation of innate immunity by AOM/DSS could be involved in 
the development of dysplastic polyps due to lack of tumor antigen pre-
sentation [55]. In this context, treatment with EE could allow an 

increased level of antigen presentation and, thus, an enhanced T cell 
cytotoxic response that could help to destroy and reduce new dysplastic 
polyps, as we demonstrated in in vivo assays. 

Fig. 6. Expression of oxidative stress enzymes and inflammatory cytokines in colon samples. Graphical representation of relative mRNA expression of enzymes 
SOD1, SOD2, CAT, GPX2, NFE2L2, NQO1, GSTA and GCG, and cytokines TNF-alpha, IL-6 and IL-1b in colon samples from CT-, CT+ and EE groups. Bars with 
different letters (a,b,c) denote significant differences (p < 0.05) among experimental groups. 

Fig. 7. Colon microbiome analysis. Percentage of different bacteria at the phylum, family and genus levels in colon samples from CT-, CT+ and EE groups. Data 
represent the mean values of triplicate samples. 
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The relationship between oxidative stress, inflammatory stress and 
intestinal microbiota has been recently described by Alemany-Cosme 
et al. [56] who indicate that dysbiotic gut microbiota increases oxida-
tive stress and inflammatory cytokines and predispose to inflammatory 
bowel diseases such as Crohn’s disease. In our study, EE-treated mice 
showed a decrease in colitogenic bacteria such as Turicibacter and 
Clostridiaceae, and recovery of eubiotic bacteria such as Lactobacillus. 
Therefore, EE could also modulate and decrease the oxidative and in-
flammatory intestinal stress induced by a dysbiotic microbiome [56]. 

5. Conclusions 

Our results showed for the first time that an ethanolic extract from 
mature seeds of Euphorbia lathyris (variety S3201), which previously 
showed in vitro antiproliferative activity against colon cancer cells, 
induced a potent in vivo antitumor effect in CRC that was corroborated in 
both heterotopic xenograft and AOM/DSS-induced colon models. 
Treatment with EE was able to significantly reduce the volume of sub-
cutaneous tumors. In addition, this treatment decreased dysplastic 
polyps in the colonic mucosa, suggesting a preventive effect and 
increased antioxidant enzymes and promoted a eubiotic environment in 
the colonic mucosa. These results suggest that EE may be a new strategy 
to improve CRC treatment and would be a strong candidate for future 
human clinical trials. 
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Funding acquisition. F. Quiñonero: Investigation. J. Prados: Concep-
tualization, Writing – review & editing, Funding acquisition. J.M. 
Porres: Conceptualization, Supervision, Writing – review & editing, 
Funding acquisition. C. Melguizo: Investigation, Writing – original 
draft. All authors have read and approved the final manuscript. 

Conflict of interest statement 

The authors declare no conflict of interest. 

Acknowledgments 

The authors want to thank Antonio Murillo Cancho from the Uni-
versity of Almería and CELLBITEC S.L. 

References 

[1] A. Recio-Boiles, B. Cagir, Colon Cancer, in: StatPearls, StatPearls Publishing, 
Treasure Island (FL), 2021. 〈http://www.ncbi.nlm.nih.gov/books/NBK470380/〉
(Accessed 9 October 2021). 

[2] H. Sung, J. Ferlay, R.L. Siegel, M. Laversanne, I. Soerjomataram, A. Jemal, F. Bray, 
Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality 
Worldwide for 36 Cancers in 185 Countries, CA Cancer J. Clin. 71 (2021) 209–249, 
https://doi.org/10.3322/caac.21660. 

[3] C. Tiselius, A. Rosenblad, E. Strand, K. Smedh, Risk factors for poor health-related 
quality of life in patients with colon cancer include stoma and smoking habits, 
Health Qual. Life Outcomes 19 (2021) 216, https://doi.org/10.1186/s12955-021- 
01850-5. 

[4] P. Moleyar-Narayana, S. Ranganathan, Cancer Screening, in: StatPearls, StatPearls 
Publishing, Treasure Island (FL), 2021. 〈http://www.ncbi.nlm.nih.gov/books/NBK 
563138/〉 (Accessed 12 November 2021). 

[5] E.J. Kuipers, W.M. Grady, D. Lieberman, T. Seufferlein, J.J. Sung, P.G. Boelens, C.J. 
H. van de Velde, T. Watanabe, Colorectal cancer, Nat. Rev. Dis. Prim. 1 (2015) 
15065, https://doi.org/10.1038/nrdp.2015.65. 

[6] R.V. Groehs, M.V. Negrao, L.A. Hajjar, C.P. Jordão, B.P. Carvalho, E. Toschi-Dias, 
A.C. Andrade, F.P. Hodas, M.J.N.N. Alves, A.O. Sarmento, L. Testa, P.M.G. Hoff, C. 

Fig. 8. Schematic illustration summarizing a possible relationship between the innate/inflammatory immune system and colonic epithelia due to increased oxidative 
stress levels and expression of antioxidant enzymes. Left: AOM/DSS induces oxidative stress along with depletion of antioxidant enzymes. Decreased expression of 
cytokines reduces the immune response against the colonic mucosa. Right: EE treatment increases the expression of oxidative stress enzymes in the colonic mucosa. 
The presence of elevated levels of cytokines increases the immune response, inducing a decrease in dysplastic polyps. 

C. Mesas et al.                                                                                                                                                                                                                                   

http://www.ncbi.nlm.nih.gov/books/NBK470380/
https://doi.org/10.3322/caac.21660
https://doi.org/10.1186/s12955-021-01850-5
https://doi.org/10.1186/s12955-021-01850-5
http://www.ncbi.nlm.nih.gov/books/NBK563138/
http://www.ncbi.nlm.nih.gov/books/NBK563138/
https://doi.org/10.1038/nrdp.2015.65


Biomedicine & Pharmacotherapy 149 (2022) 112883

11

E. Negrao, R.K. Filho, Adjuvant treatment with 5–fluorouracil and oxaliplatin does 
not influence cardiac function, neurovascular control, and physical capacity in 
patients with colon cancer, Oncologist 25 (2020), e13475, https://doi.org/ 
10.1634/theoncologist.2020-0225. 

[7] A. Fernández Montes, N. Martínez Lago, M. Covela Rúa, J. de la Cámara Gómez, 
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