
Contents lists available at ScienceDirect

Toxicology Reports

journal homepage: www.elsevier.com/locate/toxrep

Effects of intragastrically-administered Tepary bean lectins on digestive and
immune organs: Preclinical evaluation

Julia María Alatorre-Cruza,1, Wendoline Pita-Lópeza,1, Rosa Guadalupe López-Reyesa,1,
Roberto Augusto Ferriz-Martíneza, Ricardo Cervantes-Jiméneza,
María de Jesús Guerrero Carrilloa, Paola Jazmín Aranda Vargasa, Gabriela López-Herrerab,
Adriana Jheny Rodríguez-Méndezc, Aarón Zamora-Arroyoa, Héctor Gutiérrez-Sánchezd,
Tércia Reis de Souzaa, Alejandro Blanco-Labrae,⁎, Teresa García-Gascaa,⁎⁎

aUniversidad Autónoma de Querétaro, Querétaro, Mexico
bUnidad de Investigación en Inmunodeficiencias, Instituto Nacional de Pediatría, Ciudad de México, Mexico
c Facultad de Medicina, Universidad Autónoma de Querétaro, Querétaro, Mexico
dUniversidad Autónoma de Querétaro, Querétaro, Mexico
e Depto de Biotecnología y Bioquímica, CINVESTAV-Unidad Irapuato, Guanajuato, Mexico

A R T I C L E I N F O

Keywords:
Digestive tract
Immune system
Lectins
Phaseolus acutifolius
Tepary bean

A B S T R A C T

Previous work showed that Tepary bean (Phaseolus acutifolius) lectins exhibit differential cytotoxic effects on
cancer cell lines by apoptosis induction. In vivo studies using a Tepary bean lectin fraction (TBLF, 50mg/kg of
body weight) after colon cancer induction in rats showed that TBLF inhibited early precancerous lesions without
systemic toxicity however, loss of body weight gain and activation of immune cells were observed. In order to
know more about the possible adverse effects, we evaluated the administration of TBLF on digestive and immune
organs. Sprague Dawley rats were administered TBLF for six weeks and allowed to recover for two weeks.
Immune activation was observed through an increased lymphocyte-granulocyte ratio, an increased number of
lymphoid follicles in intestinal Peyer’s patches and a slight expansion of the splenic white pulp. Atrophy was
observed in small intestine villi and crypt foci of the colon without normalization after the recovery period.
Pancreas histopathology showed hypertrophy after the six-week administration period, particularly vacuolation
and trabecular widening; but after the two-week recovery period atrophy was observed, suggesting a partial
compensatory type process. Our results show that TBLF activates the immune system and affects digestive organs
through direct interaction with intestinal epithelium, and indirectly by producing pancreatic hyperfunction.
Further work will focus in longer recuperation periods after TBLF treatment.

1. Introduction

Lectins are proteins or glycoproteins of that have the ability to re-
cognise and specifically bind to free carbohydrates or cell membrane
glycoconjugates. Specially plant lectins have shown anticancer prop-
erties, mainly due to glycosylation changes on cancer cell membranes
[1,2]. Leguminous lectins exhibit selective cytotoxic effects on cancer
cells through several mechanisms such as apoptosis or autophagy [3–9]
however, the observed effects are lectin-dependent and some of them
have shown to be either cytotoxic or mitogenic such as on lymphocytes
[10,4]. Particularly, plant lectins exhibit important effects against

several digestive system cancers, showing significant potential as
therapeutic agents [2]. Some lectins such as European Mistletoe lectin
are used as complementary therapy [4,11,12] however, among the
aspects to be taken into account in assessing the potential of plant
lectins as anticancer drugs are those related to their toxicity.

Lectins are anti-nutritional factors that produce systemic and/or
toxic effects, depending on their source, their concentration and the
route of administration [13–16]. Leguminous lectins are able to resist
gastric and intestinal digestion and they can remain intact throughout
the digestive tract for several days [16–19]. They can bind to surface
glycoproteins or glycolipids of intestinal epithelium, affecting nutrient
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absorption and in turn digestive organ function can be compromised
[20,21]. Furthermore, lectins are considered antigenic molecules and
they can activate immune response in an immunomodulatory-like
manner [22].

Previous studies have shown that a Tepary bean lectin fraction
(TBLF), obtained by molecular weight exclusion chromatography, ex-
hibit cytotoxic effects on cancer cells [7]. When TBLF (50mg/body
weight kg) was tested in rats, an inhibitory effect on early precancerous
lesions was observed through apoptosis induction (data not published).
However, a loss in weight gain of 10% was provoked without apparent
systemic toxic effects measured through blood markers for hepatic,
pancreatic renal and nutritional status, while exhibiting im-
munomodulatory properties [16]. Compensatory effects on body
weight and food intake were observed at the end of the treatment, but
the origin of such effects remains to be elucidated. In order to continue
with the evaluation of the potential of TBLF as a therapeutic agent
against colon cancer, it is necessary to further understand its adverse
effects. Therefore, this study evaluated the systemic effects of the in-
tragastric administration of TBLF in rats, with emphasis on adverse
effects on the digestive tract and immune system.

2. Materials and methods

2.1. Tepary bean lectin fraction extraction

Tepary bean seeds were obtained from a local market at Hermosillo,
Sonora, Mexico, and a sample was deposited and identified at Dr. Jerzy
Rzedowski Herbarium of the Department of Natural Sciences,
Autonomous University of Querétaro. TBLF was obtained as previously
described [7]. Briefly, aqueous extract was obtained from ground bean
seeds. A sequential selective precipitation to 40% and to 70% with
ammonium sulphate was performed. The protein was dialysed and se-
parated by molecular weight exclusion chromatography using a Se-
phadex G-75 column. TBLF was identified by agglutination test using
A+ type erythrocytes.

2.2. In vivo assays

Assays were performed using 5-week-old Sprague Dawley rats
which were purchased from the Institute of Neurobiology of the
National Autonomous University of Mexico (INB-UNAM). The animals
were placed in individual boxes with water and rodent chow food ad
libitum (Rodent Laboratory Chow 5001, Saint Louis, MO, USA) with a
circadian cycle adjusted to 12 h light/12 h dark, at 21–23 °C and a re-
lative humidity of 30%. The animals were left for one week of accli-
matisation before the experiments were commenced. The experimental
protocols were based on Official Mexican Standards [23] and approved
by the Bioethics Committee of the Natural Sciences Department of the
Autonomous University of Querétaro.

After acclimatisation, the rats were randomised to the control and
the TBLF-treated groups (n=62 per group). Treated rats received
50mg/kg of TBLF (5000 agglutination units/mg protein) in saline so-
lution by intragastric administration every third day for 43 days (6

weeks) and were allowed to stay for 14 days more without treatment.
Control rats were only administered saline solution (Fig. 1). Food intake
was determined by weighing the food twice per week throughout the
treatment, and mean daily intake was calculated. The weight and
length of the rats were measured using a rat scale (Ohaus triple beam
balance) and a measuring tape (fiberglass 152 cm). Rats were sacrificed
by decapitation on days 9 (n= 12 per group), 22 (n=12 per group),
43 (n= 22 per group) (administration period) and after 14 days more
(Day 57, no treatment period, n= 16 per group), in order to collect the
blood and organs for further testing.

EDTAK2 vacutainer tubes were used to collect blood for the de-
termination of the complete blood count (CBC) (CellDyn® 1600), and
serum was obtained by collecting blood in vacutainer tubes with se-
parator gel, followed by centrifugation at 1500g for 15min. CD4+ and
CD8+ lymphocytes were determined by flow cytometry (FACS Arias®),
where CD4+ antibody was marked with FITC (Biolegend 201505) and
CD8+ antibody with PerCP (Biolegend 201712). Serum was stored at
−80 °C until use for biochemical markers determination such as pan-
creatic markers (α-amylase, Spinreact, Catalogue No. 341-10 and in-
sulin, Merck, Ref. EZRMI–13 K, E.U.), nutritional markers (glucose,
Spinreact, Catalogue No. MD-410-11; total protein, Spinreact,
Catalogue No. 200-55; serum albumin, SL Elitech, Catalogue No. ALBU-
0600), renal function (serum creatinine, Spinreact, Catalogue No. 221-
30 and urea, Spinreact, Catalogue No. 283-17) and hepatic function
(alanine aminotransferase (ALT), Elitech, Catalogue No. 318-10).

Dissection of liver, heart, kidneys, pancreas, small intestine, colon,
thymus and spleen was performed after sacrifice. Organs were weighed
on an analytical balance (300 g ± 0.0001 g). Small intestine and colon
length were determined using a fiberglass tape measure (Dry Mark).
Organ weight and length were adjusted to body weight individually and
normalised with respect to the control group mean. For the histo-
pathological evaluation, pancreas, intestines and spleen were fixed in
10% formaldehyde and stained with haematoxylin-eosin for subsequent
histological analysis by microscopy (Axiovert Alternate Microscope A1
Zeiss), and interpreted using IMAGEJ image analyser software where 40
slices per group from at least three different animals were analysed.
Pancreatic lipid presence was determined using oily red staining.
Briefly, oily red dye powder was added to 99% isopropanol until a
sediment was formed which was no longer dissolved. The working so-
lution was prepared one hour before use and was made by mixing 3
parts of the saturated solution of oily red with two parts of distilled
water and filter just before use. Freeze-dried pancreas samples were
immersed in 60% isopropanol and stained for 15min in the oily red
working solution, then they were revealed in 60% isopropanol until a
sample of lipid control appeared colored. Pancreas samples were wa-
shed in water and then the nuclei were contrasted with Gill hematox-
ylin for 2–3min and then washed thoroughly under running water.
Samples were rinsed in distilled water and assembled into gelatin-gly-
cerin (7 g gelatin dissolved slowly in 42mL of water without forming
lumps, 50mL of glycerin was added, heated it in a water bath and 1 g
phenol was added, finally it was filtered still hot). This solution can be
refrigerated and at the time of use it is necessary to heat slightly to
liquefy the gelatin.

Fig. 1. Experimental design. After one week of acclimatisation rats were treated for 43 days with TBLF (50mg/kg of body weight) or saline solution for control animals. Sacrifice was
done at days 9, 22 43 and after two weeks without any treatment (Day 57).
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Table 1
Complete blood count after TBLF administration.

Blood parameter Control TBLF p

Day 9 White blood cells (10^3/μL) 6.06 ± 0.55 6.42 ± 2.4 0.926
Red blood cells (10^6/μL) 6.11 ± 0.43 6.19 ± 0.51 0.583
Haemoglobin (g/dL) 15.68 ± 0.94 15.60 ± 0.73 0.376
Haematocrit (%) 39.80 ± 2.5 39.13 ± 2.0 0.719
Mean corpuscular volume (fL) 65.16 ± 1.3 63.35 ± 2.0 0.515
Mean corpuscular haemoglobin (pg) 25.68 ± 0.34 25.27 ± 0.98 0.948
Mean corpuscular haemoglobin concentration (pg) 39.41 ± 0.81 39.75 ± 0.10 0.482
Platelets (10^3/μL) 901.25 ± 125.5 889.17 ± 87.88 0.352
Lymphocytes (%) 81.73 ± 2.3 86.78 ± 3.0* 0.024*
CD4+ (%) 61.24 ± 3.75 67.03 ± 2.29 0.031*
CD8+ (%) 36.08 ± 3.18 22.85 ± 5.02 0.004*

Day 22 White blood cells (10^3/μL) 7.9 ± 1.9 8.6 ± 2.3 0.583
Red blood cells (10^6/μL) 6.4 ± 0.59 7.3 ± 0.39 0.001*
Haemoglobin (g/dL) 15.45 ± 3.0 16.88 ± 0.41 0.001*
Haematocrit (%) 44.09 ± 9.9 43.6 ± 1.0 0.911
Mean corpuscular volume (fL) 61.14 ± 0.47 61.30 ± 1.0 0.029*
Mean corpuscular haemoglobin (pg) 24.05 ± 1.04 22.97 ± 1.01 0.039*
Mean corpuscular haemoglobin concentration (pg) 38.1 ± 1.6 38.7 ± 0.57 0.455
Platelets (10^3/μL) 984.9 ± 172.18 860.5 ± 172.8 0.111
Lymphocytes (%) 74.37 ± 14.9 84.5 ± 2.29 0.058
CD4+ (%) 63.92 ± 1.81 65.47 ± 4.82 0.574
CD8+ (%) 32.27 ± 1.50 32.10 ± 4.99 0.959

Day 43 White blood cells (10^3/μL) 8.06 ± 1.23 8.8 ± 2.57 0.298
Red blood cells (10^6/μL) 7.8 ± 0.4 8.0 ± 0.35 0.327
Haemoglobin (g/dL) 17.38 ± 1.45 17.7 ± 0.43 0.521
Haematocrit (%) 44.5 ± 1.9 45.38 ± 1.3 0.218
Mean corpuscular volume (fL) 56.5 ± 0.96 56.7 ± 1.35 0.643
Mean corpuscular haemoglobin (pg) 22.1 ± 1.81 22.1 ± 2.11 0.984
Mean corpuscular haemoglobin concentration (pg) 39.11 ± 2.9 38.98 ± 3.31 0.918
Platelets (10^3/μL) 817.15 ± 93.7 904.7 ± 49.18 0.011*
Lymphocytes (%) 85.46 ± 3.7 81.88 ± 8.7 0.193
CD4+ (%) 58.50 ± 3.79 60.00 ± 2.37 0.359
CD8+ (%) 36.52 ± 3.34 34.64 ± 2.55 0.225

Day 57 White blood cells (10^3/μL) 8.3 ± 2.26 8.61 ± 1.57 0.803
Red blood cells (10^6/μL) 8.1 ± 0.3 8,28 ± 0.49 0.302
Haemoglobin (g/dL) 17.21 ± 0.35 18.28 ± 0.67 0.050*
Haematocrit (%) 42.5 ± 1.59 44.99 ± 2.21 0.072
Mean corpuscular volume (fL) 53.16 ± 1.24 54.34± 1.24 0.151
Mean corpuscular haemoglobin (pg) 21.9 ± 1.24 22.10 ± 0.83 0.671
Mean corpuscular haemoglobin concentration (pg) 41.2 ± 1.09 40.66 ± 0.78 0.372
Platelets (10^3/μL) 916.2 ± 170.4 817.58 ± 94.44 0.254
Lymphocytes (%) 83.94 ± 1.54 86.54 ± 1.22 0.012*
CD4+ (%) 60.62 ± 5.63 46.33 ± 7.62 0.013*
CD8+ (%) 40.70 ± 5.78 43.08 ± 3.36 0.414

Asterisks represent a significant difference between values (Student’s-t, p < 0.05). ND, not detected.

Fig. 2. TBLF effect on lymphocyte-granulocyte ratio
and serum cytokines. Rats were treated with TBLF
(50 mf/kg) for six weeks every third day (43 days)
and were without treatment for a further two weeks
(Days 57). A) Determination of lymphocyte-granu-
locyte ratio by CBC. B) IL-6 and C) TNF-α determi-
nation on Days 43 and 57. Asterisks represent a
significant difference between control and treated
rats at each measurement day (Student’s-t,
p≤ 0.05).
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The immunohistochemical analyses were performed using samples
of Peyer’s. Briefly, paraffin was removed from the samples at 54 °C for
45min and hydrated in xylene, 100% alcohol, 90% alcohol, 80% al-
cohol and distilled water for 20min. The slides were then incubated
with 3% peroxide in absolute methanol (1: 9 v/v) for 30min to remove
endogenous peroxidase activity. Non-specific binding sites were
blocked using defatted milk for 30min at room temperature. Tissues
were incubated for 24 h at 4° C with the polyclonal antibodies: anti-IL-6
(Santa Cruz, CA, USA), NFKb (Invitrogen, Thermo Fisher Sci. Inc. USA)
and anti TNFα (Santa Cruz, CA, USA) in a diluted to 1:2000. The tissues
were incubated with the corresponding biotinylated secondary anti-
body goat anti rabbit or rabbit anti goat (Santa Cruz, CA, USA) for one h
at room temperature and then incubated with the avidin-peroxidase
complex for one h at room temperature. The reaction was run using a
solution of 6mg of diaminobenzidine in 10mL of 0.05M Tris-HCl, pH
7.4 and 10 μL of 30% H2O2 for 10min. This reaction produced a sepia-
colored precipitate in the immunoreactive cells. Samples were con-
trasted with Harris hematoxylin and samples were dehydrated using
96% alcohol, absolute alcohol, absolute alcohol/xylene (vol/vol) and
absolute xylene and mounted with resin. The samples were analyzed
under a microscope (10×) and photographs were obtained.

Differences between treatments were analysed using three types of
statistical tests using STATA software version 12. The Student’s-t test
was performed for independent samples in order to compare control vs
treated rats. The multivariate Hotelling’s T2 test was used to explain the
effect of TBLF on all explanatory variables in a single model. Finally,
multilevel regressions were performed for variables grouped and/or
nested per subject over time.

3. Results

3.1. Effects of TBLF on nutritional, hematopoietic and biochemical markers

TBLF was administered for 6 weeks (43 days) every third day, fol-
lowed by two weeks without treatment as a recovery period (from Day
44 to Day 57). TBLF administration did not produce changes in the rats’
development. Body weight gain was 54.4% and 51.5% for control and

Table 2
Biochemical markers after TBLF administration.

Blood marker Control TBLF p

Day 9 Albumin (mg/dL) 3.67 ± 1.38 3.39 ± 1.87 0.13
Total protein (mg/dL) 4.4 ± 0.63 5.11 ± 0.73 0.22
α-Amylase (U/L) 896.3 ± 216.5 886.7 ± 256.5 0.46
Urea (mmol/L) 29.2 ± 3.7 31.4 ± 2.15 0.40
Serum creatine (mg/
dL)

0.59 ± 0.16 0.52 ± 0.03 0.49

GPT (U/L) 60.6 ± 3.8 61.3 ± 13.8 0.90
Glucose (mg/dL) 139.4 ± 8.4 128.9 ± 12.5 0.37
Insulin (μIU/mL) 16.29 ± 3.29 15.53 ± 1.13 0.75

Day 22 Albumin (mg/dL) 3.83 ± 1.68 3.72 ± 1.9 0.95
Total protein (mg/dL) 5.05 ± 1.11 5.02 ± 1.02 0.34
α-Amylase (U/L) 1219.2 ± 537.43 992.46 ± 183.7 0.65
Urea (mmol/L) 33.35 ± 6.3 37.6 ± 6.5 0.38
Serum creatine (mg/
dL)

0.59 ± 0.08 0.6 ± 0.03 0.85

GPT (U/L) 42.3 ± 8.5 60.25 ± 16.9 0.21
Glucose (mg/dL) 133.5 ± 0.1 131.9 ± 4.3 0.69
Insulin (μIU/mL) 20.23 ± 3.41 14.53 ± 1.00 0.04*

Day 43 Albumin (mg/dL) 3.92 ± 1.65 3.89 ± 2.01 0.02*
Total protein (mg/dL) 4.6 ± 1.57 5.22 ± 1.25 0.07
α-Amylase (U/L) 1047.57 ± 187.15 712.35 ± 222.1 0.33
Urea (mmol/L) 36.1 ± 8.5 42.4 ± 6.6 0.11
Serum creatine (mg/
dL)

0.57 ± 0.16 0.5± 0.10 0.28

GPT (U/L) 46.0 ± 4.7 44.1 ± 7.5 0.56
Glucose (mg/dL) 136.4 ± 13.1 121.2 ± 12.6 0.04*
Insulin (μIU/mL) 18.27 ± 5.05 16.50 ± 2.85 0.41

Day 57 Albumin (mg/dL) 5.04 ± 0.8 3.77 ± 1.01 0.01*
Total protein (mg/dL) 4.6 ± 1.6 4.55 ± 1.74 0.95
α-Amylase (U/L) 933.08 ± 245.53 848.5 ± 209.5 0.44
Urea (mmol/L) 42.69 ± 9.7 33.7 ± 5.89 0.02*
Serum creatine (mg/
dL)

0.54 ± 0.06 0.59 ± 0.12 0.26

GPT (U/L) 44.6 ± 7.6 49.7 ± 12.5 0.46
Glucose (mg/dL) 147.9 ± 14.1 144.4 ± 39.8 0.86
Insulin (μIU/mL) 17.88 ± 3.05 16.80 ± 2.10 0.44

Asterisks represent a significant difference between values (Student’s-t, p < 0.05). ND,
not detected.

Fig. 3. Organ weight and length after TBLF administration. A) Organ weight after 43 days of treatment. B) Intestine weight and length after 43 days of treatment. C) Organ weight after
two weeks of recovery. D) Intestine weight and length after two weeks of recovery. Organ weight and length were adjusted to body weight individually and normalised with respect to the
control group mean (arbitrary units). Asterisks represent a significant difference between values (Student’s-t, p < 0.05).
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treated rats, respectively (multilevel regression p= 0.478, data not
shown), and body length gain was 59.5% and 61.4% for control and
treated rats, respectively (multilevel regression p= 0.126, data not
shown). Food intake was not different between groups (multilevel re-
gression p=0.611, data not shown). Nutritional parameters were not
affected after TBLF administration in contrast to previous studies using
older rats, in which TBLF produced a loss of body weight gain [16]. In
this study, rats in accelerated development (5-week-old rats) were
treated and no effects were observed, compared to 15-week-old rats,
which were in the final phase of growth that showed a decrease of 10%
in body weight gain. Our results suggest that detrimental effects of
TBLF depend on animals’ age and growth stage [24].

Complete blood count (Table 1) showed a significant increase in
lymphocyte percent on Day 9 of treatment, after which no differences
were observed; then, after the recovery period an increase was observed
once again. CD4+ and CD8+ lymphocytes were quantified, showing
an increase of CD4+ on Day 9 but a decrease of CD8+ after that, no
differences were observed through the treatment; finally, a decrease of
CD4+ was observed after the recovery period. One significant change
was seen in the lymphocyte-granulocyte ratio, from 90:10 in control
rats versus 70:30 in treated rats on Day 9 of treatment (Fig. 2). These
findings suggest that TBLF affects the immune system response. Ad-
ditionally, on Day 22 it was observed an increase in red blood cells and
related parameters, where haemoglobin was the only parameter that
showed an increase after the recovery period, on Day 57. Platelets
showed an increase at the end of the treatment with no other changes.
Lectins are considered antigenic molecules [2,4,6,16,22]; thus, once
they reach the digestive tract, they can trigger an immune activation
response; such as the increase in total and CD4+ lymphocytes and a
decrease in CD8+ lymphocytes, as well as the lymphocyte-granulocyte
ratio. After the recovery period, it was observed a decrease in CD4+
lymphocytes, may be related with a compensatory effect. Serum
proinfamatory cytokines were determined in days 43 and 57. Only IL-6
showed a significative increase on Day 43 but after the two-weeks re-
covery period no changes respect to control rats were observed while
TNF-α did not show changes. IL-6 increase suggests immune activation
effect of TBLF, this cytokine is a modullator of CD4 T cells [25].

Biochemical markers did not change on Day 9; on Day 22 the only
data that showed significant difference was a decrease in insulin. At the
end of the treatment period (Day 43) a decrease was observed in serum
albumin and glucose, and after the two-week recovery period (Day 57),
a decrease was observed in serum albumin and urea (Student’s-t,
p < 0.05) (Table 2). These changes did not show a time-dependent

tendency and could be related with individual sensitivity; however, it
will be necessary to evaluate the effects of TBLF on digestibility and
some other parameters of nutritional status [17,26–29]. Some authors
had shown detrimental effects of phytohaemagglutinin on insulin levels
[30,31]; however, the only change observed with TBLF was on Day 22,
which was not consistent through the treatment. At the end of the
treatment and the recovery periods, no changes insulin levels were
obseved, suggesting no physiologically relevant effects of TBLF on
pancreatic production or secretion of insulin.

3.2. Effects of TBLF on target organs

Organ weight and length for the complete treatment and the re-
covery period are shown in Fig. 3. Only small intestine and colon
weights were affected after six weeks of TBLF administration. Small
intestine weight of treated rats was 14% higher than that of control rats
(Student’s-t, p= 0.02; Hotelling’s, p= 0.328). In contrast, colon
weight in treated rats was 20% lower than in control rats (Student’s-t,
p= 0.02).

Spleen weight was not affected by TBLF treatment; however, a non-
significant increase of the white pulp was evident on Days 43 and 57
(Fig. 4), suggesting immune system activation. Germinal centres (GCs)
are structures in which the maturation of the antibodies’ affinity takes
place during the primary response. In this study, GCs did not show
changes.

Macroscopic observation of intestines allowed us to perceive that
TBLF treatment had produced thinning of intestinal tissue. Fig. 5 shows
a photograph of control and treated duodenum in which it is possible to
observe that Peyer’s patches in the TBLF-treated SD rats showed an
increased number of lymphoid follicles, suggesting a hyperactivation of
immune response. In the treated rats, thinning of the small intestine
was apparent, exhibiting a translucent appearance. Immune cell acti-
vation was determined in Peyer’s patches by measuring the presence of
IL-6, TNF-α and Nfκ-B. An increase of IL-6 and Nfκ-B was observed
while no changes were evident for TNF-α. These results, together with
the observed changes in lymphocyte-granulocyte ratio and the slight
increase in the splenic white pulp at the end of the treatment suggest
immune response activation [32–34,22,25]. Upon evaluation of the
histological sections of the ileum, the villi in treated intestines were
found to display atrophy with respect to control intestines. It was
possible to observe structural changes in which the villi tended to be
broader at the base and thinner toward the apex, which gave them a
triangular appearance as a result of a fusion of the villi, causing the

Fig. 4. Spleen histopathology after TBLF treatment. A) 5 x Microphotographs of spleen after 43 days of treatment with TBLF and then a 14-day recovery period. a. White pulp, b. Red pulp,
c. Germinal centres, d. Follicles. B) White pulp area. No significant differences between control and treated rats were observed (Student’s-t, p < 0.05). There were analysed 40 slices per
group from at least 3 different animals.
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crypt depth to decrease or disappear. After 43 days, the villi height
decreased approximately 100 μm in the treated group with respect to
the control group. After the 14-day recovery period, the treated in-
testines exhibited decreased villi height of approximately 75 μm with
respect to the control group. The small intestine crypts’ depth increased
55 μm on average, with respect to control, throughout the treatment
(Fig. 6). Fig. 7 shows the effect of TBLF treatment on colon epithelium.
After the 43 days of treatment a significant decrease in crypt height was
observed suggesting also colonic atrophy.

TBLF resulted in intestinal atrophy. It has been reported that oral
administration of other lectins can affect intestinal epithelium through
binding to membrane carbohydrates, mainly in duodenum and je-
junum, without a loss of biological functions [16]. Such effects can
damage the intestinal wall which can compromise nutrient absorption
and assimilation. This is the most significant anti-nutritional effect of
lectins. Alterations have also been reported in microvilli functions
(brush border), in addition to a decrease in bowel villi height and

increased crypt depth as a function of lectin dose, administration route
and exposure time [35,36]. Small intestine showed an increase in
weight but not in length. Intestine growth is considered a compensatory
effect of the interaction between lectins and intestinal villi with the
purpose of increasing the absorption surface for nutrients. In contrast,
colon weight was reduced by 20% with respect to control rats. This
finding differs from that reported for peanut agglutinin, where an in-
crease of up to 166% in cell proliferation in the proximal colon was
observed [29]. However, it is well known that each lectin exhibits
specific effects on cells [2].

Normal nuclei of pancreatic acini are located in a central position,
as in pancreatic acinar cells of the control rats, compared to the nuclei
of acini of the treated rats, which were in the periphery. Pancreas
histopathology showed an increase in pancreatic acini size in the
treated rats at the end of treatment; the mean size of pancreatic acini
was 41.5×103 ± 9.4× 103 μm2 and 68.3×103 ± 31.9× 103 μm2

for the control and treated groups, respectively, showing a significant

Fig. 5. Immunohistochemical analyses for cytokines in duodenum Peyer’s patches after TBLF treatment. A) IL-6 analysis, B) Nfκ-B analysis, C) TNF-α analysis. All immunohistochemical
analyses were performed at 10X resolution. Red arrows show positive signals; a) smooth muscle, b) primary follicle, c) lamina propria, d) M cells. D) The Peyer’s patches in the treated rats
showed more lymphoid follicles (white arrows) and a thinner appearance than in control intestines. Photographs were taken using a Carl Zeiss macro 100 lens with extension tubes. There
were analysed 40 slices per group from at least 3 different animals.
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difference (Student’s t, p= 0.011). This finding suggests pancreatic
hypertrophy (Fig. 8). Also, the presence of vacuoles in the exocrine
acinar cells were observed with a mean area of 849.6 ± 316.3 μm2,
while the control group did not show them, lipid vacuoles were dis-
carded by staining with oily red. The presence of vacuoles and the
granulated content of the acini suggest hyperactivity. The morphology

of normal pancreatic acinar cells is alveolar, whereas in the treated rats
the cells were round, having lost their characteristic morphology. No
inflammation or necrosis was observed in the pancreas nor was there
any change in the organ’s endocrine gland. After two weeks of recovery,
mean pancreatic acini area was 42.4×103 ± 6.3×103 μm2 and
26.5×103 ± 8.8× 103 μm2 for the control and treated groups,

Fig. 6. Histopathology analysis of ileum after TBLF
treatment. A) 5 x microphotographs of ileum show
that treated rats displayed atrophic villi (a) and an
increase of crypt height (b) after 43 days of treatment
that did not recover after the 14-day recovery period.
B) Quantitative analysis of villi height. C)
Quantitative analysis of crypt height. Asterisks re-
present a significant difference between the control
and treated rats (Student’s-t, p < 0.05). There were
analysed 40 slices per group from at least 3 different
animals.

Fig. 7. Histopathology analysis of colon after TBLF treatment. A) 5 x microphotographs of colon show crypt atrophy (black arrows) after 43 days of treatment that did not recover after
the 14-day recovery period. B) Quantitative analysis of crypt height. Asterisks represent a significant difference between the control and treated rats (Student’s-t, p < 0.05). There were
analysed 40 slices per group from at least 3 different animals.
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respectively, with a significant difference (Student’s t, p= 0.0001). The
decrease in acini area suggests a regression of the tissue, possibly as a
compensatory process but in this case, it could be considered atrophy.

Detrimental effects on small intestine, in consequence, affects other
digestive organs such as the pancreas. We found exocrine pancreatic
acini hypertrophy, where the digestive enzymes are secreted. As lipid
drops were discarded by staining with oily red, the presence of vacuoles
may be related to an exacerbated increase in pancreatic enzyme pro-
duction, in order to compensate for the intestine atrophy and the di-
gestion problems associated with TBLF administration. Small intestine
maintains a very close communication with pancreas through intestinal

hormones such as cholecystokinin and secretin. The down-regulation
feedback of cholecystokinin secretion results in an increased pancreatic
secretion of luminous enzymes (trypsin, chymotrypsin and amylase) in
a compensatory manner [35,37–39]. Secretin has been observed as a
trophic factor for pancreas growth in rats [40]. Serotonin is another
important molecule secreted by the small intestine. It has been ob-
served that piglets administered red kidney bean lectin showed in-
creased serotonin-immunoreactive enterochromaffin cells in duo-
denum, suggesting a stimulating effect of gut maturation [41].
Therefore, it is necessary to study the effect of TBLF on cholecystokinin,
secretin and serotonin secretion as well as other pancreatic enzymes.
After the 14-day recovery period, atrophy of exocrine pancreas was
observed, possibly as a regression by a compensatory process. Pancreas
weight changes have been observed after administration with some
lectins, such as with common bean and soybean lectins [42]. This is
attributed to the low digestibility of the protein and dietary lipids in the
intestine, due to a villous atrophy and disrupted permeability [43],
which affects rats’ growth. Additionally, piglets treated with kidney
bean lectins showed an increase in pancreatic acini area but no increase
in enzyme content or pancreatic weight [36]; therefore, it is necessary
to explore changes in pancreatic enzyme secretion following TBLF ad-
ministration.

In summary, TBLF provoked atrophy in intestines that did not re-
cover after 14 days of treatment rest. Exocrine pancreas showed hy-
pertrophy, suggesting a compensatory effect with the purpose of com-
pensation regarding digestive function, and after 14 days of treatment
rest, pancreas showed atrophy, possibly in a recovery process. Neither
biochemical markers nor body weight showed physiological changes.
An immune activation was observed since the Peyer’s patches and the
lymphocyte-granulocyte ratio showed reactivity.

4. Conclusions

TBLF has shown cytotoxic properties against cancer cells and an
inhibitory effect of early precancerous lesions in rat colon. In order to
proceed with the study of the anticancer properties of TBLF, it is ne-
cessary to determine the adverse effects of its administration in a
pharmacological administration scheme. Previous works had shown
that intragastric administration of TBLF at a dose of 50mg/kg for six
weeks, every third day, is enough to inhibit early precancerous lesion in
colon, with no apparent systemic toxicity in rats; however, a loss in
body weight gain was observed in addition to immune activation. Here
we confirm that TBLF is able to stimulate the immune system, mainly
because the lymphocyte-granulocyte ratio was affected at Day 9 of
treatment and due to the increased lymphoid follicles in the Peyer’s
patches. The major adverse effect of TBLF administration was intestinal
atrophy, which did not recover to a normal state after the 14-day re-
covery period. Exocrine pancreas showed hypertrophy throughout the
treatment, suggesting pancreatic overwork as compensation for in-
testinal digestion dysfunction. However, after 14 days of treatment rest,
pancreas acini showed a possible atrophy, suggesting a compensatory
regression. Our results demonstrate that, after the TBLF administration
scheme used, 14 days of treatment rest are not sufficient to allow for
complete recovery of affected organs. Further work will focus on the
observed adverse effects and the recovery of normal function, mainly
with regard to the digestive system, in order to contribute to a complete
understanding of the undesirable effects.
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Fig. 8. Exocrine pancreas histopathology after TBLF treatment. A) 10 x microphotographs
of exocrine pancreas after 43 days of treatment with TBLF and then a 14-day recovery
period. (a) Pancreatic acini, (b) Trabeculae (connective tissue), (c) Vacuoles, (d) Duct, (e)
Blood vessel. B) 20 x microphotographs of exocrine pancreas after 43 days of treatment
with TBLF stained with oily red for lipid detection. White arrows show haematoxylin-
stained nuclei. C) Pancreatic acini area. Asterisks represent a significant difference be-
tween the control and treated rats (Student’s-t, p < 0.05). There were analysed 40 slices
per group from at least 3 different animals.
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