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Introduction

Malnutrition is a public health problem that 
mainly affects developing countries as a conse-
quence of poor economic and social conditions. 
Malnutrition results from an imbalance between 
food intake and nutritional requirements [1–3]. 
Severe malnutrition or protein energy malnu-
trition (PEM) is an extreme condition and is the 

main cause of immunodeficiency in children 
under 5 years [4]. In neonates and preschool chil-
dren, PEM has been shown to impair the immune 
response and is associated with generalized 
atrophy of lymphoid tissues [5,6], causing a 
chain of immunological alterations character-
ized by leucopenia, a decrease in the ratio of 
T CD4+/CD8+ lymphocytes and an increase in T 
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CD4−/CD8− lymphocytes in circulating blood [7], 
anemia, and thrombocytopenia.

Different substances, such as flavonoids, poly-
saccharides, lactones, and glycosides, are present 
in several plants and can affect humoral or cellular 
factors of the immune response [8,9]. Plants such as 
Panax ginseng, Tinospora cordifolia, and Asparagus 
racemosus have been shown to stimulate the 
immune system [10] and, therefore, have opened 
doors for the development of new plant-based 
immunostimulatory drugs. Stinging nettle, Urtica 
dioica L., has been proposed to have such immuno-
stimulatory effects.

Urtica dioica L. (Urticaceae) is an herbaceous 
plant of economic importance due to its medicinal, 
food, nutritional complement, and textile proper-
ties. This plant is widely distributed in America, 
Europe, and Asia [11,12]. Urtica grows in central and 
Southwestern Mexico, where it is known by many 
common names, including “Ortiga,” “Chichicastle,” 
and “Mala mujer” [13,14]. It is an annual or peren-
nial plant that reaches up to 1 m in height and pres-
ents stinging trichomes on the stem and leaves.

Urtica dioica L. has been recommended as an 
adjuvant treatment for rheumatic conditions, a nutri-
tional tonic, and anti-anemic treatment, and has been 
suggested for the treatment of headache, eczema, 
skin care, edema, lower urinary tract infections, and 
allergies [15–17]. Urtica dioica L. has multiple phar-
macological functions, including anti-inflammatory, 
analgesic, antioxidant, antiplatelet, antihyperglyce-
mic, antihyperlipidemic, antiviral, anticancer, and 
antiandrogenic activities, among others [18].

In vitro studies have shown that the plant pos-
sesses β-sitosterol and scopoletin, molecules that 
could be of clinical use in the management of 
benign prostatic hyperplasia because both inhibit 
5α-reductase, which is associated with this condi-
tion [19]. As mentioned previously, another import-
ant activity of U. dioica L. is its role as a modulator of 
the immune response because it has been reported 
that U. dioica L. increases chemotaxis and the meta-
bolic integrity of neutrophils from healthy humans 
in vitro [20]. Quercetin and two glycosidic flavo-
noids from a methanolic extract of the aerial parts 
of this plant stimulated chemotaxis of neutrophils 
[21]. In addition, U. dioica L. has been shown to 
stimulate the proliferation of mouse spleen T lym-
phocytes in vitro and result in a moderate increase 
in CD4+ T lymphocytes [22]. An aqueous decoc-
tion of the aerial structures of the plant stimulated 
the proliferation of mouse spleen lymphocytes in 
vitro, thereby confirming that the plant extract 

can stimulate proliferation of cells of the immune  
system [23].

Urtica dioica L. has a wide range of compounds, 
including glycopyranosides, glycoproteins, proteins, 
flavonol glycosides, carotenoids, and biologically 
active compounds, such as caffeic acid, quinic acid, 
essential oils, formic and acetic acid, histamine, tan-
nins, mucilage, and vitamins (A, B1, B2, C, K1, folic 
acid, and pantothenic acid), which can contribute to 
improved health in childhood malnutrition [24,25].

Considering that severe malnutrition causes 
immunodeficiency in children under 5 years of age, 
mainly in developing countries such as Mexico, which 
is rich in plants for medicinal use, among them U. 
dioica L.; the present study aimed to determine the 
effects of U. dioica L. on the proportion of T and B 
lymphocytes and the proliferative capacity of thymus, 
spleen, bone marrow, and blood cells using an exper-
imental model of rats with third-degree malnutrition.

Materials and Methods

Chemicals and reagent tests

The following chemical and reagent tests were 
obtained: xylazine [Procin, México; Chemical 
Abstracts Service (CAS) 23076-35-9]; sodium 
chloride (NaCl; Meyer, México; CAS 7647-14-
5); phosphate-buffered saline (PBS-DULBECCO; 
Microlab, Mexico; Mecanismo de Desarrollo Limpio 
MFCD00131855); monoclonal antibodies: anti-CD3, 
anti-CD4, anti-CD8, and anti-CD45 (Biolegend, San 
Diego, CA); fluorochromes [fluorescein isothiocy-
anate (FITC), phycoerythrin (PE), peridinin chlo-
rophyll protein (PerCP) or allophycocyanin (APC)] 
(BD Biosciences, San Jose, CA); Cell Counting Kit-8 
(CCK-8, Dojindo Corp., Japan); trypan blue (CAS 
72-57-1); Concanavalin A (ConA; CAS 11028-71-
0); bovine serum albumin (Cohn Fraction V, pH 
7.0; CAS 9048-46-8); and paraformaldehyde (CAS 
30525-89-4, Sigma Chemicals Co., St. Louis, MO).

Stinging nettle (U. dioica L.) leaf extract (Enzymatic 
Therapy, LLC, part of Nature’s Way Brands) was 
obtained. Stinging nettle (600 mg, serving size 2 
capsules) was standardized to contain 1% silicic 
acid. This product contains natural ingredients. 
Entreprise de Taille Intermédiaire is a The Food and 
Drug Administration-registered drug establishment.

Determination of the total polyphenol content of the 
extract of U. dioica L.

The total concentration of phenols was deter-
mined by spectrophotometry using Folin–Ciocalteu 
reagent as the oxidant agent [26].
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Calibration curve

A standard solution of gallic acid (0.1 mg/ml) was 
used, from which volumes were taken from 0 to 100 
μl in 20 μl intervals, and the volume of each solu-
tion was diluted up to 500 μl with distilled water. 
Determination of phenols in the powder of a cap-
sule of U. dioica L. was performed. First, 5 mg of 
extract was dissolved in 1 ml of distilled water and 
diluted 1:10 with distilled water, and 40 μl of this 
solution was taken and then diluted to 500 μl with 
distilled water. Finally, to each of the standards and 
previously prepared plant sample, 250 μl of Folin–
Ciocalteu 1 N reagent was added and agitated in 
a vortex for 5 minutes. Subsequently, 1,250 μl of 
20% Na2CO3 was added and allowed to stand for 2 
hours. The absorbance was measured at 760 nm. 
The results are expressed as a percentage of gallic 
acid equivalent per milligram dry matter (% GAE/
mg dry matter).

Experimental animals

Wistar rats were obtained from the animal facilities 
of the “División de Ciencias Biológicas y de la Salud, 
Universidad Autónoma Metropolitana-Iztapalapa 
(UAM-I)” in Mexico City, Mexico. The animals were 
kept under controlled temperature (22°C–25°C) 
and 45% relative humidity with a 12–12 hour 
light–dark period (light 07:00–19:00 hour) with 
free access to food (Purina Mills International 
5001, Richmond, VA) and water. Experiments were 
performed according to the guidelines of the UAM-I 
and the Official Mexican Guidelines (NOM-062-
ZOO-1999). Nursing mother rats of approximately 
350 g at 4 months of age were used.

Induction of malnutrition and treatment U. dioica L.

Malnutrition during lactation was induced by food 
competition [27]. Rats (1 day of birth) from differ-
ent litters were randomly assigned to one of two 
groups: (1) the well-nourished group (WN), eight 
pups with a nursing mother (control group), and 
(2) the malnourished group (MN), 16 pups with a 
nursing mother.

The pups were weighed every 2 or 3 days to esti-
mate the body weight of each litter from the first 
day until weaning (day 21) to determine the degree 
of malnutrition compared to age-matched controls 
(WN). On day 14, rats with a weight deficit greater 
than 40% (rats with third degree or severe malnu-
trition) were used. Then, the MN group was distrib-
uted into two subgroups: (a) MN rats that received 
saline physiological solution and (b) MN rats 

treated with 0.2 g/ml U. dioica L. (MNUd), which 
was intragastrically administered through a can-
nula on days 14, 16, 18, and 20. On day 21, rats were 
anesthetized with xylazine, and blood was obtained 
by cardiac puncture with a heparinized syringe. 
Thymus, spleen and bone marrow were obtained. 
The weight (in grams) of the thymus and spleen of 
each rat was recorded and compared with the WN 
group. For the comparison, one-way analysis of 
variance (one-way ANOVA) was employed with the 
Tukey test as necessary to establish the statistical 
significance, for which 95% was taken as an index 
of reliability with a p < 0.05.

Determination of lymphocyte subpopulations in 
thymus

The thymus was extracted, cells were obtained 
by homogenizing the organ and filtering through 
85-mm mesh, and the disrupted cells were sus-
pended in Ca++ and Mg++-free phosphate saline 
(PBS, pH 7.0). Cell viability was determined with 
0.2% trypan blue and adjusted to 1 × 107 cells/ml, 
which were placed in 5 ml tubes (Falcon®). Cells 
were stained with 2 μl of monoclonal antibodies, 
anti-CD4 and anti-CD8 conjugated to APC and PE 
fluorochromes, for 30 minutes. Then, 2 ml of 0.5% 
PBS-albumin was added and centrifuged for 5 min-
utes at 1,500 rpm. Subsequently, 500 μl of fixative 
solution (1% paraformaldehyde) was added. Ten 
thousand cells were analyzed on a flow cytometer 
using the CELLQuest® program. The results are 
expressed as the percentage of positive cells for the 
corresponding marker. In each sample, CD4+ CD8+ 
(double positive, for both fluorescence markers), 
CD4− CD8− (double negative, for both fluorescence 
markers), CD4+ CD8− (single positive, only for CD4 
fluorescence), and CD8+ CD4− (single positive, only 
for CD8 fluorescence) cells were identified.

Determination of leukocyte subpopulations in blood

A total of 100 μl of blood from each rat was loaded 
into 5 ml tubes (Falcon®), and 2 µl of the follow-
ing monoclonal antibodies conjugated to different 
fluorochromes were used: (1) CD3+ FITC, CD8− PE, 
and CD4+ APC for CD4 T lymphocytes, (2) CD3+ 
FITC, CD8+ PE, and CD4− APC for CD8 T lympho-
cytes, (3) CD3− FITC, CD8− PE, and CD4+ APC for 
monocytes, (4) CD45-RA FITC and CD45+ PerCP 
for B lymphocytes, and (5) CD3+ FITC and CD45+ 
PerCP for total T lymphocytes. After 30 minutes, 2 
ml of lysis solution (FACS Lysing Solution, Becton 
Dickinson Immunocytometry Systems, San Jose, 



66 J Complement Med Res • 2018 • Vol 9 • Issue 2

Sara Beatriz Herrera, Leonor Rodriguez, María del Carmen García, José Luis Flores, Rodolfo Velasco

CA) was added and incubated for 10 minutes at 
room temperature. Subsequently, each sample 
was centrifuged for 5 minutes at 500 g at room 
temperature, the supernatant was removed, 
and the cell button was washed with 0.5% PBS-
albumin. Then, 500 μl of the paraformaldehyde 
fixative solution (1% in PBS) was added, and the 
cells were suspended prior to determination. At 
least 10,000 cells were analyzed by flow cytome-
try. The analysis was performed with CELLQuest®. 
The results were analyzed in dot graphs and are 
expressed as the percentage of positive cells for 
each marker. For each sample, four cell types were 
identified: CD4+ CD8− cells (single positive, only 
for CD4 fluorescence), CD8+ CD4− cells (single 
positive, only for CD8 fluorescence), monocytes, 
B lymphocytes and T lymphocytes. Granulocytes 
were not determined.

Flow cytometry

Determination of lymphocyte subpopulations 
in the thymus and determination of leukocyte 
subpopulations in blood was performed with a 
FACSCalibur flow cytometer (Becton Dickinson, 
Immunocytometry System (BDIS), CA) with an 
argon laser (488 nm).

Automated blood cell analysis

The total concentration of white blood cells (WBCs), 
red blood cells (RBCs), erythroid parameters, plate-
let count, and the lymphocyte/neutrophil relation-
ship were determined using a KX-21N automatic 
analyzer (Sysmex, Japan).

Total count of nucleated bone marrow cells

The right femur of each rat was dissected, their 
muscles were removed and 1 ml of physiological 
saline was injected through the femoral canal. The 
cells were collected in a plastic tube and homoge-
nized by pipetting. The cell suspension was diluted 
1:20 with Turk’s solution, and total nucleated cells 
were counted in a Neubauer chamber under a light 
microscope.

Determination of proliferation of spleen 
lymphocytes from malnourished rats treated with  
U. dioica L.

Under sterile conditions, the spleen of rats was iso-
lated, dispersed mechanically on a metal 30 µm 
mesh, and washed with saline solutions. The cell sus-
pension with 95% viability was added (trypan blue 
0.2%) and adjusted to 2 × 106/ml in 96-well plates 

containing 100 μl aliquots in the presence of 10 mg/
ml ConA and incubated at 37°C in an atmosphere 
of 5% CO2 and humidity of 90% for 68 hours. As a 
control group, cells were cultured with RPMI-1640 
medium without ConA. Each culture was performed 
in triplicate five times. Subsequently, 10 μl of CCK-8 
(CCK-8, Dojindo Corp., Japan) was added to each well, 
and the plate was incubated for 4 hours at 37°C in a 
5% CO2 and 90% humidity atmosphere. The absor-
bance at 450 nm was read with an enzyme-linked 
immuno sorbent assay plate reader (BioTek, USA).

Statistical analysis

The statistical program NCSS 2010 (Version: 
07.1.20) was used. Values are expressed as the 
mean ± standard error (M ± SE). For the compari-
son between the means of the treated groups versus 
the control groups, we employed one-way ANOVA 
with Tukey’s test and the Duncan test as necessary 
to establish statistical significance, using 95% as an 
index of reliability with a p < 0.05.

Results

Preliminary determination of total polyphenols in 
the extract of U. dioica L.

The concentration was calculated from a standard 
curve (y = 0.0674X + 0.0082; R2 = 0.9975) made 
with gallic acid. The content of total polyphenols 
in U. dioica L. capsules was 2.43% GAE/mg dry  
matter.

Body weight of well-nourished and experimentally 
malnourished rats left untreated and treated with 
U. dioica L. during the lactation period

Through the model of malnutrition, only 30%–40% 
of rats per litter reached the third degree of malnu-
trition; the cumulative data are shown in Table 1.

The average body weight of newborn rats (before 
the treatment) was 7.6 ± 0.1 g. At day 20, the aver-
age body weight of the WN group was 43.4 ± 0.6 g 
versus 26.1 ± 0.3 g in the MN group and 26.0 ± 0.7 g 
in the MNUd group. MN rats had a weight ten times 
lower than the WN rats, indicating that the MN and 
MNUd groups were still malnourished. In addition, 
no statistically significant difference was observed 
between the weights of the MNUd rats and the 
untreated MN rats (Table 1).

Weights of the thymus and spleen

The average weight of the thymus in the WN rats 
was 0.145 ± 0.017 g, whereas the average weight 
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in the MN rats was 0.050 ± 0.007 g, and the average 
weight in the MNUd rats was 0.069 ± 0.008 g, indi-
cating that no significant difference was observed 
among the malnourished groups. However, the WN 
group had a significantly higher value than the mal-
nourished groups. In addition, no significant differ-
ence was observed in the total body weights of both 
malnourished groups.

The mean spleen weights for the WN, MN, 
and MNUd groups were 0.227 ± 0.017 g, 0.067 
± 0.007 g, and 0.090 ± 0.010 g, respectively. The 
spleen weight of the MN group was 70% less than 
the spleen weight of the WN rats, and the mean 
spleen weight of the MNUd rats was 60%, indi-
cating that the spleen weight of this group gained  
10% (Fig. 1).

Thymocyte subpopulations

Rats from the MN group had a higher average per-
centage of CD4− CD8− thymocytes than rats from the 
other groups (3.04 and 1.8 times higher than the 

WN and MNUd group values, respectively), and the 
differences were statistically significant at p < 0.05. 
In contrast, the MN group presented a lower aver-
age percentage of CD4+ CD8+ than the other groups. 
No significant differences were observed between 
the WN and MNUd groups (Fig. 2).

Distribution of circulating white blood cells

The mean percentages of CD4+ and CD8+ T lympho-
cytes and monocytes were lower in the MN group 
than in the WN group, except for B lymphocytes. 
The proportion of leukocytes in MNUd rats was 
similar to that in WN rats, except for T cells, which 
were decreased. There was a significant difference 
between the WN and MN groups; thus, malnutrition 
decreases the proportion of leukocytes. Although 
the MNUd group showed a higher proportion of 
CD4+ cells, CD8+ T lymphocytes, monocytes, and B 
cells than the MN group, only the CD4+ and mono-
cyte counts showed statistically significant differ-
ences between the groups (Fig. 3).

Table 1. Body weight observed during lactation in well-nourished rats and malnourished rats.

Group
Day

1 4 7 9 12 14 16 18 20
WN 7.6 ± 0.1 11.0 ± 0.4 14.8 ± 0.5 20.1 ± 0.5 24.8 ± 0.5 29.6 ± 0.5 33.8 ± 0.5 38.1 ± 0.6 43.4 ± 0.6
MN 7.6 ± 0.1 9.2 ± 0.1 11.5 ± 0.1 14.8 ± 0.1 16.9 ± 0.2* 20.3 ± 0.2* 22.1 ± 0.2* 24.2 ± 0.3* 26.1 ± 0.3*
MNUd 7.6 ± 0.1 9.2 ± 0.1 11.5 ± 0.1 14.8 ± 0.1 16.9 ± 0.2* 19.6 ± 0.4* 21.8 ± 0.4* 23.9 ± 0.6* 26.0 ± 0.7*

WN = well-nourished rats (n = 68), MN = malnourished rats (n = 161), and MNUd (n = 37) = Malnourished rats treated with Urtica dioica L. 
Data are expressed as the mean ± SE. *p < 0.05, significant differences with respect to the WN group.

Figure 1. Weight of the thymus and spleen of malnourished rats. WN—Well-nourished rats (n = 10); MN—
Malnourished rats (n = 11); and MNUd—Malnourished rats treated with Urtica dioica L. (n = 15). Data are expressed 
as the mean ± SE. *p < 0.05, significant differences with respect to the WN group.
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Hemocytometry

The concentration of WBCs in the MN group 
decreased by 29% and 25% compared to that of 
the WN and MNUd groups, respectively. RBC con-
centrations and erythroid parameters, including 

hemoglobin, hematocrit (HCT), mean corpuscu-
lar volume (MCV), mean corpuscular hemoglobin 
(MCH), and mean corpuscular hemoglobin con-
centration (MCHC), of the MNUd group tended to 
be higher than those of the MN group. However, no 

Figure 2. Average percentage of thymocyte subpopulations of malnourished rats treated with Urtica dioica L. WN—
Well-nourished rats (n = 5); MN—Malnourished rats (n = 5); and MNUd—Malnourished rats treated with Urtica 
dioica L. (n = 5). Data are expressed as the mean ± SE. *p < 0.05, significant differences with respect to the WN group. 
**p < 0.05, significant differences with respect to the MN group.

Figure 3. Average percentage of circulating WBCs in rats treated with Urtica dioica L. WN—Well-nourished rats  
(n = 5); MN—Malnourished rats (n = 10); and MNUd—Malnourished rats treated with Urtica dioica L. (n = 10). Data 
are expressed as the mean ± SE. *p < 0.05, significant differences with respect to the WN group. **p < 0.05, signifi-
cant differences with respect to the MN group.



www.jocmr.com 69

Urtica dioica L. on immunity of malnourished rats

statistically significant differences between the WN 
and MNUd groups were observed, except for MCH 
and MCHC, which were higher in the MNUd group 
(p ≤ 0.5) (Table 2).

The ratio of lymphocytes/neutrophils in the 
MN and MNUd groups showed a reduction of lym-
phocytes with respect to that of the WN group. 
However, this reduction was not statistically signif-
icant. Neutrophils increased in the MN and MNUd 
groups compared with the WN group (Fig. 4).

Nucleated bone marrow cells

No statistically significant differences were observed 
among the WN, MN, and MNUd groups (Fig. 5).

Spleen cell cultures

In the WN group exposed to ConA, there was a 
19.1% increase in the absorbance, indicating 
increased cell proliferation with respect to the 
same culture without ConA. For the MN group, in 

the presence of ConA, the increase in absorbance 
was 9.2%. The MNUd group plus ConA showed an 
increase of 41.1% compared with the same group 
without ConA (Fig. 6).

Discussion

In previous studies, researchers looking for U. dio-
ica L. in the field collected plants with similar mor-
phology that turned out to be U. chamaedryoides 
and U. dioica var. Angustifolia, which showed an 
ability to restore hematopoiesis in pregnant mice, 
preventing the development of malformations in 
fetuses [28,29]. In later collections, the specimens 
were identified as U. urens. In addition, aqueous 
extract of the leaf of U. dioica L. (capsules) commer-
cialized as a nutritional supplement was purchased, 
and a comparative study was conducted between 
an aqueous extract of U. urens and the capsules of U. 
dioica L. to assess the ability of both to stimulate the 

Table 2. Hemocytometry of malnourished rats treated with Urtica dioica L.

Group (n) WBC × 103/µl RBC × 106/µl Hb (g/dl) HCT (%) MCV (fL) MCH (pg) MCHC (g/dl) PLT × 103/µL
WN (10) 4.2 ± 0.6 5.3 ± 0.2 9.3 ± 0.4 31.3 ± 1.6 57.5 ± 1.6 17.0 ± 0.4 29.7 ± 0.7 408.8 ± 72.3
MN (9) 3.0 ± 0.2* 4.1 ± 0.4* 8.4 ± 0.6 27.0 ± 2.0 58.7 ± 2.0 19.0 ± 0.7 31.3 ± 0.4 341.0 ± 46.9
MNUd (11) 4.0 ± 0.4 4.7 ± 0.3 9.3 ± 0.6 29.3 ± 1.7 61.9 ± 0.9 20.2 ± 0.6 * 32.6 ± 0.7 * 290.4 ± 55.1

Hb = hemoglobin; PLT = platelet. 
WN = well-nourished rats (n = 10), MN = malnourished rats (n = 9), and MNUd = malnourished rats treated with Urtica dioica L. (n = 11). 
Data are expressed as the mean ± SE. 
*p < 0.05, significant differences with respect to the WN group.

Figure 4. Lymphocyte-neutrophil count ratio of malnourished rats. WN—Well-nourished rats (n = 10); MN—
Malnourished rats (n = 9); and MNUd—Malnourished rats treated with Urtica dioica L. (n = 11). Data are expressed 
as the mean ± SE. *p < 0.5, significant differences with respect to the WN group.
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proliferation of rat spleen lymphocytes in vitro. The 
highest and constant activity was obtained with 
the U. dioica L. capsules, and for this reason, after 
establishing a dose response curve (results not 
included), the present work was performed with  
U. dioica L. capsules.

The concentration of phenolic compounds in cap-
sules of stinging nettle (U. dioica L.) leaf extract was 
2.43% of dry matter by weight; this is an import-
ant finding with respect to the different biological 
properties of these metabolites and their possible 
application in various areas, such as food/feed, 

Figure 5. Total nucleated cells of bone marrow from malnourished rats. WN—Well-nourished rats (n = 10); MN—
Malnourished rats (n = 10); and MNUd—Malnourished rats treated with Urtica dioica L. (n = 10). Data are expressed 
as the mean ± SE. *p < 0.5, significant differences with respect to the WN group.

Figure 6. Proliferation of spleen cells from malnourished rats. The cultures were made in the absence (w/o-ConA) 
and presence of Concanavalin A (w-ConA). WN—Well-nourished rats (n = 15); MN—Malnourished rats (n = 8); and 
MNUd—Malnourished rats treated with Urtica dioica L. (n = 10). Data are expressed as the mean ± SE. *p < 0.05, 
significant differences with respect to the WN group.
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cosmetics, phytomedicine, and textiles. However, it 
is important to note that phenolic compounds were 
determined only as reference due to their normal 
presence in the plant.

Our results showed that severe malnutrition was 
induced in Wistar rats by food competition, and the 
MN and MNUd groups presented a 40% body weight 
deficit, in addition to other signs, such as poor hair, 
brittle bones, and poor motor activity similar to 
those observed in malnourished children [30]. At 
the end of the experiment, the MN and MNUd groups 
presented reduced thymus and spleen weights and 
severe atrophy of the thymus [31], indicating that 
the U. dioica L. promoted cell proliferation, although 
it was not sufficient to increase the levels to the WN 
group levels.

Severe protein malnutrition causes leucopenia, a 
decrease in the proportion of CD4+ and CD8+ T lym-
phocytes, and an increase in the number of CD4− 
CD8− cells, plus immature T cells in the circulation 
[32,33], as we observed in the MN group. In the 
MNUd group, there was a restoration of hematopoi-
etic cell levels, indicating that our extract may pro-
mote cell differentiation and maturation to almost 
normal levels. The data showed that treatment with 
U. dioica L. significantly increased the percentage of 
CD4+ cells, monocytes, and T lymphocytes, result-
ing in cell counts in the MNUd group that did not 
significantly differ from those of the WN group. 
These results are in agreement with those reported 
by other authors regarding the capacity of U. dioica 
agglutinin (UDA) to stimulate the proliferation of T 
lymphocytes, although it does so in a delayed man-
ner with respect to ConA [34]. The UDA behaves 
like a superantigen that activates the Vβ segments 
of the T lymphocyte receptor (TCR) by binding to 
molecules of the major histocompatibility com-
plex type I and II [35]. Notably, the aforementioned 
agglutinin has been isolated from the rhizome of 
the plant.

Our study was carried out with a crude extract of 
the leaf that does not allow us to assume that this is 
the same mechanism of stimulation as that for the 
proliferation of T cells [36].

In blood cytometry analyses, the concentration of 
WBCs in the MN group was lower by 29% and 25% 
compared with that of the WN and MNUd groups, 
respectively. However, there were no significant 
differences between the WN and MNUd groups. 
Differences in circulating blood parameters between 
the MN and MNUd groups can be attributed to the 
plant extract because there were 7 days from the 
first administration of U. dioica L. to the sacrifice of 

the animals, a period that matches the term of 5–7 
days average for the production of blood cells. That 
is, treatment with the plant extract in the MNUd 
group promoted the recovery of hematopoiesis, 
while in the untreated MN group, this recovery was 
not observed even with adequate time [37]. The 
total nucleated bone marrow cells were lower in 
the MNUd group than in the MN group, probably 
because the plant promotes the rapid release of cells 
from the bone marrow to the blood.

In Mexican traditional medicine, U. dioica L. is 
used to treat anemia due to its high iron content, 
which may contribute to the increase in eryth-
rocytes and specifically to the mean corpuscular 
hemoglobin concentration. A comparable finding 
was observed when a decoction of U. dioica L. var. 
angustifolia prevented malformations in the fetuses 
of anemic mice, although the mother remained ane-
mic [29]. Nettle plants are known to be very good 
sources of energy, proteins, fiber, and a range of 
bioactive compounds that have health benefits [38]. 
In Nepal, U. dioica L. is both a staple food and sup-
plementary food, which is often the top cash crop 
of local communities, contributing to food security 
in the Nepal region. In the case of Mexico, although 
it is a developing country rich in flora and fauna, 
severe PEM has a high incidence in suburban and 
rural areas [39]. The effects of U. dioica L. on rats 
with immunodeficiency due to severe malnutrition 
observed in this work can be attributed to the plant 
acting as a phytomedicine reinforced by its role as 
a nutraceutical.

The immunostimulatory role of U. dioica L. 
has been previously reported and identified as a 
property of the root. In our work, the activity was 
detected in the leaf. Notably, although it is already 
known that U. dioica L. stimulates the proliferation 
of T lymphocytes in healthy individuals, our results 
reinforce this knowledge but in a pathological con-
dition, malnutrition, which is frequent in develop-
ing countries, where malnutrition is observed in a 
high percentage of the child population.

Conclusions

The aqueous extract of the leaves of U. dioica  
L. stimulates the immune response because it pro-
motes the differentiation of T lymphocytes toward 
CD4+ and CD8+ cells, in addition to countering 
anemia and leucopenia associated with severe 
malnutrition. The effect of the nettle plant extract 
on lymphocyte activation and its production of 
cytokines is still being investigated.
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Considering the pharmacological functions of 
Urtica dioica L. and its role as an anti-inflammatory, 
analgesic, antiandrogenic, antihyperglycemic, anti-
hyperlipidemic, antiviral, anticancer, and antianemic 
plant and that the treatment of diseases with pat-
ented medicines is becoming increasingly expensive, 
we note that it is important to highlight the action of 
U. dioica L. to counteract severe malnutrition, espe-
cially when a high percentage of the world’s popula-
tion lives in poverty and extreme poverty.

This plant could be used as a nutritional supple-
ment or a nutraceutical even in those populations 
without sufficient resources, as their diet lacks the 
nutrients provided by U. dioica L.
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