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Abstract 1 

Protein-energy malnutrition causes a significant impairment of the immune system, being 2 

the thymus one of the most affected organs. It was demonstrated that the administration of 3 

probiotic fermented milk recovered the intestinal barrier, histological alterations and 4 

mucosal and systemic immune functions in a non severe malnutrition model using BALB/c 5 

mice. The aim of the present work was to evaluate in the same model of malnutrition the 6 

effect of a probiotic fermented milk added to re-nutrition diet on the recovery of the 7 

thymus, analyzing histological and functional alterations caused by malnutrition. Mice were 8 

undernourished and divided into 3 groups according to the dietary supplement received 9 

during re-nutrition: milk, probiotic fermented milk or its bacterial free supernatant. They 10 

were compared to well-nourished and malnourished mice. Probiotic fermented milk was the 11 

most effective re-nutrition supplement to improve the histology of the thymus, decreasing 12 

the cellular apoptosis in this organ, and recovering the percentage of CD4
+
/CD8

-
 single 13 

positive thymocytes. Immature double positive thymocytes were increased in the 14 

malnourished control. The production of different cytokines in the thymus was increased in 15 

mice given probiotic fermented milk compared to mice that received others dietary 16 

supplement and malnourished control. Mice given the bacterial free supernatant presented 17 

an improvement in the thymus similar to those that received milk. We demonstrated the 18 

importance of the whole probiotic fermented milk supplementation on the histological and 19 

functional recovery of the thymus in a non severe protein-energy malnutrition model. 20 

 21 

22 
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Introduction 23 

The thymus is a primary lymphoid organ in which occurs the differentiation of T 24 

lymphocytes
(1)

. It may also be considered as an organ of the endocrine system and therefore 25 

an endocrine gland that secretes hormones and other soluble factors controlling the 26 

production and maturation of T lymphocytes
(2)

, and regulating the activity and the 27 

interactions of T cells in peripheral tissues
(3)

. It exerts a clear influence on the development 28 

and maturation of the lymphatic system and in the mucosal and systemic immune 29 

response
(4)

. 30 

It is known that malnutrition causes a significant impairment of the immune system. The 31 

severity of the malnutrition depends on the degree of nutrient imbalance, and the interaction 32 

between nutrients and the age of the host
(5)

. The protein-energy malnutrition (PEM) causes 33 

atrophy of lymphoid tissues, being the thymus one of the most affected organs. 34 

Probiotics are defined as live microorganisms which, when administered in adequate 35 

amounts confer a health benefit on the host
(6)

.  36 

The beneficial effect of a probiotic fermented milk (PFM) using a non-severe PEM mouse 37 

model was previously reported 
(7)

. The administration of the PFM during the re-nutrition 38 

period recovered the intestinal barrier, histological alterations and mucosal and systemic 39 

immune functions in the mice. It was also demonstrated the beneficial effect of the PFM in 40 

the protection against Salmonella Typhimurim infection in this same non severe 41 

malnutrition model
(7)

. 42 

The aim of the present work was to evaluate the influence of a PFM as a complement of a 43 

re-nutrition diet in a non severe PEM model, on the recovery of the thymus, analyzing the 44 

histological and functional alterations caused by malnutrition, as a way to determine if the 45 

improvement of the immune system observed previously was related with the thymus 46 
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recovery
(7)

. The effect of the PFM was compared with whole milk or with the bacterial free 47 

supernatant obtained from the PFM. Bacterial free supernatant was analyzed to evaluate the 48 

possible effect of biological active components released during milk fermentation such as 49 

peptides and carbohydrates or others soluble components presents in the fermented milk. 50 

 51 

Experimental methods 52 

Animals. Malnutrition by food restriction and re-nutrition protocols  53 

Specific pathogen-free BALB/c mice (for bacteria such as CAR bacillus (Cilia Associated 54 

Respiratory Bacillus) Citrobacter rodentium, Salmonella spp., Clostridium piliforme, and 55 

Protozoa such as Giardia muris) were obtained from the closed random bred colony 56 

maintained at CERELA (Centro de Referencia para Lactobacilos, San Miguel de Tucumán, 57 

Argentina).  58 

After weaning (21 d), thirty five mice (males and females) weighing 10±2 gr, were 59 

randomly divided in two control groups (10 mice per group, 5 males and 5 females) and 60 

three test groups (5 mice per group, 3 males and 2 females): Well nourished control 61 

(WC), animals received (3 to 5 gr/animal/day) conventional balanced diet (23% proteins, 62 

6% raw fiber, 10% total minerals, 1.3% Ca, 0.8% P, 12% moisture and vitamins). 63 

Malnourished control (MC), mice were fed during 5 d with conventional diet, without 64 

restriction. After that, the malnourished period started and the animals received restricted 65 

food (25% less than WC). According to the protocol described by Gauffin Cano et al 
(8)

, 66 

these animals were not re-nourished and continued with restrained ingestion during all the 67 

experiment. Mice of these two control groups received water ad libitum. 68 

The mice of the three test groups received the restricted diet as for MC group, and when 69 

the animals lost 25% of body weight compared to WC, they continued with the restrained 70 
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ingestion, but supplemented with three different dietary supplements: Milk (M), MC mice 71 

were re-nourished with whole milk rehydrated 10% wt/vol; or with Probiotic Fermented 72 

Milk (PFM), where the animals were re-nourished with a commercial fermented milk 73 

containing the yoghurt starter cultures (Lactobacilllus (L.). delbrueckii subsp. bulgaricus 74 

10
8
 CFU/ml and Streptococcus thermophilus 10

8
 CFU/ml) and the probiotic bacterium L. 75 

casei DN-114-001 (10
8
 CFU/ml); or with Bacterial Free Supernatant (BFS): mice 76 

received the diet supplemented with a bacterial free supernatant obtained by centrifugation 77 

of PFM at 10000 g during 20 min. The supernatant obtained was placed in MRS agar for 78 

the bacterial count that was lower than 10
2
 CFU/ml. This CFU number is cleaned by 79 

peristalsis. Mice of the three test groups received restricted food with the specific dietary 80 

supplement during 5 d and water ad libitum.  81 

Mice were housed 5 to a cage in the control groups and 3 or 2 to a cage in the test groups, 82 

maintaining females and males in separate cage. The metallic cages were kept in a climate-83 

controlled room (20±2°C of temperature and 40-70% relative humidity) with a 12-h 84 

light/dark cycle. The cages were cleaned each 2 days. . Five mice of each control group 85 

were sacrificed by cervical dislocation after restriction food (25% less than WC, basal 86 

sample, day 30 of the experiment, 7 weeks of age) and five mice of each control and test 87 

group were sacrificed 5 days post re-nutrition (day 35 of the experiment, 8 weeks of age). 88 

The immune system of the mice at the time point of the sacrifices (7-8 weeks of age) is 89 

mature (Willem van Ewijk, et al 2000). Thymus was recovered for histological and 90 

immunological studies. Figure 1 describes the experimental design. 91 

The animal protocol CRL-BIOT-LI-2009/1A was approved by the Institutional Committee 92 

of Laboratory Animals Care and Use of CERELA and all experiments comply with the 93 
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current laws of Argentina, according to CONICET requirements (Resolution D, N° 94 

1047/05) for laboratory animal research. 95 

 96 

Histological samples 97 

The thymus was removed, fixed with formaldehyde 10% in phosphate saline solution 98 

(PBS), pH7. After fixation, the tissues were dehydrated and embedded in paraffin using 99 

methods described by Sainte-Marie
(9)

. Serial paraffin sections (4µm) were made and used 100 

for immunofluorescence and haematoxylin - eosin staining. 101 

 102 

Apoptosis determination in thymus on histological cuts  103 

Apoptosis was evaluated for the presence of DNA breaks using the Apoptosis Detection 104 

System kit (Promega, Madison, WI, USA). The fluorescein-12-dUTP-nick ends labeled 105 

DNA were visualized using fluorescence microscopy. Cells were defined as apoptotic if the 106 

entire nuclear area of the cell was stained fluorescent. Apoptosis was expressed as the 107 

number of apoptotic cells in 10 fields observed at 400× of magnification. 108 

 109 

Determination of macrophage and dendritic cells in thymus tissues 110 

Macrophages and dendritic cells (DC) were determined using indirect immunoflourescence 111 

in the thymus tissues as was previously described
(10)

. The BM8 monoclonal antibody 112 

(affinity purified anti-mouse F4/80 Antigen – Pan Macrophage Marker, eBioscience, San 113 

Diego, CA, USA) was used to identify mature macrophages and the 33D1 monoclonal 114 

antibody to identify DC able to present foreign antigen (affinity purified anti-mouse DC 115 

Marker, e-Bioscience, San Diego, CA, USA), for DC. The results were expressed as the 116 

number of positive fluorescent cells per ten fields of vision (1000X). 117 
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 118 

Immunohystochemical detection of cytokine-producing cells  119 

Cytokine-producing cells were detected by indirect immunofluorescence assays following 120 

the technique previously described
(11)

. Rabbit anti-mouse TNF-α, IFN-γ, IL-10, IL-6, IL-2, 121 

or IL-4 (Peprotech, Inc. Rocky Hill, NJ, USA) polyclonal antibodies were used. A dilution 122 

of FITC labelled anti-rabbit IgG (Jackson Immuno Research Laboratories, Inc. West Grove, 123 

USA) was used as second antibody. The results were expressed as the number of positive 124 

fluorescent cells per ten fields of vision (1000X). 125 

 126 

Determination of CD4
+
 and CD8

+
 T lymphocytes by flow cytometry 127 

The thymus was aseptically removed, washed with saline solution (NaCl 0.15 M), and 128 

placed into sterile tubes containing 5 ml of Hank balanced saline solution (HBSS). The 129 

samples were immediately homogenized under sterile conditions using a nylon mesh. The 130 

samples were centrifuged and resuspended in 2 ml of HBSS. Cell concentration was 131 

adjusted at 3x10
6
 cells/ml, using a Neubauer chamber. The cells were incubated with FITC 132 

anti-CD8 and phycoerythrin anti-CD4 monoclonal antibodies (both from BD Bioscience 133 

Pharmingen, San Diego, USA) at 4°C during 30 minutes. The number of CD4
+
 and CD8

+
 134 

cells was determined using a BD FACSCaliburTM Flow Cytometer equipped with 488nm 135 

and 635nm laser excitation sources. 136 

 137 

Statistical analysis 138 

Statistical analysis were performed using MINITAB 14 software (Minitab, Inc., State 139 

College, PA, USA) by ANOVA GLM followed by a Tukey's posthoc test, and P < 0.05 140 

was considered significant. Unless otherwise indicated, all values (n = 15) were the means 141 



8 

 

of 3 independent trials n=5 (per each trialwithout significant differences were observed 142 

between individual replicates) ± standard deviation (SD). For each immunohistochemical 143 

determination and for each mouse, the results were obtained from two individual blind 144 

counts (by two different investigators). 145 

 146 

Results 147 

Effect of Milk, PFM or its bacterial free supernatant (BFS) on the histology of the 148 

thymus 149 

The histology of the thymus was affected in the malnourished control (MC) group in more 150 

than 75% of the animals, where a loss of cortico-medullary differentiation with lobule 151 

decreases were observed compared to the well-nourished control (WC) group (Fig. 2A and 152 

B). These changes were reversible after the PFM administration during the re-nutrition 153 

period (Fig. 2C). Mice given milk or BFS also showed a similar effect, but the 154 

improvement was lower than in the animals that received PFM (Fig. 2D and E). No 155 

differences were found between male and female animals. 156 

 157 

Effect of the different re-nutrition supplements in the thymic cellular apoptosis 158 

The analysis of the apoptosis showed a significant increase in the MC group (78±6) 159 

compared to the WC group (62±6). For mice that received milk (43±6), PFM 32±7) or BFS 160 

(43±6) the number of apoptotic cells decreased, reaching values even lower than the WC 161 

group (Fig. 3). 162 

 163 

Influence of different supplements added to diet on marker expression in 164 

macrophages and DC  165 
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The number of macrophages and DCs in thymus was not affected by the malnutrition. Mice 166 

re-nourished with milk or PFM maintained the number of these cells similar to the MC 167 

group and close to the WC group. The BFS group increased significantly the number of 168 

macrophages and decreased significantly the number of DCs compared to the MC and WC 169 

groups (Fig. 4A and 4B). 170 

 171 

Evaluation of CD4
+
 and CD8

+
 (single and double positive) T lymphocytes 172 

The analysis of T cell populations in thymus showed a significant decrease of single-173 

positive thymocytes (CD4
+
 CD8

-
) in the mice from MC group (11±1 %) compared to the 174 

mice from WC group (17±2 %). Mice that received PFM (17±2%), milk (14±0%) or BFS 175 

(15±0) as a re-nutrition diet increased significantly these values as regard to the MC group. 176 

The effect was remarkable for PFM where the values were similar to WC group. The 177 

percentage of immature double-positive thymocytes (CD4
+
CD8

+
) increased significantly in 178 

mice from MC group (81±1%) compared to the WC control group (76±2%) and the test 179 

groups, milk (77±1%), PFM (74±2%) and BFS (78±2%) (Fig. 5A and 5B). No significant 180 

differences were observed in the percentage of single-positive (CD8
+
 CD4

-
) cells among all 181 

the groups.  182 

 183 

Determination of cytokine expression on thymus tissues 184 

The number of IL-2 producing cells decreased in MC group (14±5) compared to WC group 185 

(28±7). IL-2+ cells increased significantly only in the thymus of mice re-nourished with 186 

PFM (26±5) compared to the MC, being these values near to those obtained in the WC 187 

group. No significant differences were found between the mice that received milk (21±6) or 188 
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BFS (21±8); however the production of this cytokine was increased in these groups 189 

compared to the MC group.  190 

IFN-γ+ cells increased in the MC group as regard to the WC group. This cytokine also 191 

increased significantly in mice that received PFM (49±6) compared to the WC group 192 

(34±7), but without significant differences between MC group (46±13) and the group of 193 

mice given milk (47±9) as a re-nutrition diet. Whereas that BFS administration (22±8) 194 

showed lowers levels than the others groups under study. 195 

TNF-α+ cells increased significantly in MC group (45±4) compared to WC group (34±6). 196 

No significant differences among the test groups were observed, milk (36±8) PFM (35±7) 197 

and BFS (28±4), where the reached values were similar to the WC group. 198 

The analysis of IL-6+ cells showed a diminution in the MC group (21±6) in comparison to 199 

the WC group (33±5). Mice given milk (33±7) or PFM (33±6) increased significantly these 200 

cells compared to MC group, reaching values similar to the WC group. For BFS group 201 

(19±5), the values were similar to MC group. 202 

IL-4+ cells in the thymus of the animals that received BFS decreased significantly (15±6) 203 

compared to WC group (34±5). No significant differences were found among the rest of the 204 

groups, (MC group: 26±7, Milk: 28±5 and PFM: 24±2). These cells were diminished as 205 

regard to WC group. 206 

IL-10+ cells only increased significantly in mice that received PFM (41±3) as regard to WC 207 

group (21±6) and MC group (31±4). The re-nutrition diets supplemented with milk (21±6) 208 

did not decrease significantly the number of IL-10+ cells in comparison to the MC group. 209 

The values of IL-10+ cells in the BFS group (12±5) were lower than MC group. 210 

The values of IL-12+ cells were similar to the WC group in all the test groups (Table 1). 211 

 212 
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Discussion 213 

Thymus is one of the most affected organs during an undernourished process. In 214 

malnourished mice the thymus undergoes histological atrophy and changes in the lymphoid 215 

compartment
(1-4)

. It was observed that severe malnourished mice increased the thymic 216 

intralobular extracellular matrix (ECM) containing fibronectin, laminin, and type IV 217 

collagen. The enhancement of these ECM was correlated with the degree of thymocyte 218 

depletion
(12)

. In our non-severe PEM model using BALB/c mice, the administration of PFM 219 

or its BFS as a re-nutrition supplementation improved thymic histology, faster than milk 220 

administration, being this effect more remarkable for PFM (Fig. 2) and no differences were 221 

observed between males and females. This histological improvement induced by the 222 

different treatment was accompanied by a diminution in the cellular apoptosis 223 

(programmed death cells). In this sense, it has been suggested that nutritional imbalances 224 

can induce apoptosis in a variety of cell types
(13)

. We observed that malnourished mice 225 

increased the number of apoptotic cells in the thymus, this result agrees with others authors 226 

where the malnutrition was associated with a significant increase of spontaneously 227 

apoptotic cells in the thymus
(13,14)

. The thymus samples obtained after re-nutrition period 228 

showed that the three dietary supplements decreased the cellular apoptosis in this organ 229 

reaching values similar or slightly lower than the WC group (Fig. 3). These results 230 

demonstrated that the physiological equilibrium between cellular mitosis and apoptosis was 231 

improved, and that the three dietary supplements assayed would stimulate the cells 232 

activation instead of death cell. 233 

The improvement observed in the histology of the thymus and the diminution in the cellular 234 

apoptosis, led as to analyze other immune cell population as the antigen presented cells 235 

(APC) as macrophages and DCs. These cells participate in the process of selection and 236 
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maturation of T lymphocytes unable to recognize self antigens before they be released from 237 

the thymus, to peripheral secondary immune tissues (spleen, lymph). The analysis of these 238 

two APC populations using the marker F4/80 and 33D1 for mature macrophages and DCs, 239 

respectively (Fig. 4A and 4B), showed that in the non-severe PEM model used in the 240 

present work, no significant differences were observed in the MC group compared to the 241 

WC group. The numbers of these cells were also not affected by the re-nutrition with the 242 

PFM or milk; however the BFS administration induced an increase in the number of 243 

macrophages accompanied with a significant decrease in the number of DCs in the thymus, 244 

compared to malnourished and well-nourished mice. We believe that the number of mature 245 

macrophages increase in detriment of DCs to favor the positive selection of T cells to be 246 

released from the thymus to the periphery, because the macrophages are more effective 247 

than DCs in this function. However, this luck of regulation by the BFS would not be 248 

desirable because it is far of the physiological condition (WC group). The effect obtained 249 

with PFM and milk groups was more regulated and near to the physiological conditions. 250 

T lymphocytes subsets were also analyzed to evaluate if the re-nutrition diets can influence 251 

this population that is severely affected by malnutrition. In this sense, there are publications 252 

showing that the increased apoptosis affect CD4
+
 CD8

+
 double positive lymphocytes in 253 

severe malnutrition
(14,15)

. However, other studies did not show significant differences in this 254 

double positive cell population comparing the thymus of well nourished and malnourished 255 

rats
(13)

. Our results showed that the non severe PEM decreased the percentage of CD4
+
 256 

CD8
-
 single-positive thymocytes with increases in the percentage of immature double-257 

positive thymocytes (CD4+ CD8+). In well-nourished control this population is able to 258 

mature to single-positive (CD4
+
CD8

-
 or CD4

-
CD8

+
) T cells and to be released from the 259 

thymus to peripheral tissues. This increase in double positive thymocytes was not observed 260 
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in the test groups that received PFM or BFS, where the re-nutrition diet was able to recover 261 

the percentage of CD4
+
 CD8

-
 single positive T cells. No significant differences in the 262 

immature double positive thymocytes were observed in the mice that received any 263 

supplement diets, being the values similar to those obtained from the WC group. These 264 

observations agree with the improvement in the histology of the thymus and with the 265 

diminution of the cellular apoptosis results from mice that received re-nutrition diets. PFM 266 

group showed the best effect on T cells population of the thymus and reached the number 267 

of CD4
+
 CD8

-
 single–positive thymocytes similar to those observed in the WC group.  268 

Considering that the subsets of lymphocytes did not show significant differences between 269 

the groups that received the re-nutrition diets and the WC group, the cytokine producing 270 

cells were analyzed to know about the functionality of the T cells in this malnourished 271 

model and after the supplementation with different re-nutrition diets. Thymic cytokines are 272 

involved, within others effects, in the migration, development of thymocytes and in the 273 

regulation of the CD4+ and CD8+ T cell populations
(16)

. 274 

IL-2 is a cytokine that decrease with different nutritional deficiencies in lymphoid organs 275 

and in the serum
(17)

. It is an example of an autocrine factor in the thymus, for which the 276 

producers and targets are thymocytes
(18)

. In our work, the cells that produce this cytokine 277 

decreased significantly in the mice from MC group and this observation could be related 278 

with the decreases observed for the mature CD4
+
 single positive T lymphocytes. After re-279 

nutrition with any of the diets assayed, IL-2+ cells, reached the values observed in the 280 

thymus of well nourished mice, which agree with the improvement of the thymocyte 281 

subsets after the re-nutrition.  282 
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Another cytokine that can be affected by the malnutrition is the IFN-γ, which is produced 283 

mainly by T lymphocytes and actives the thymic epithelial cells
(18)

. In our model, at 284 

difference of the results obtained for other authors we did not observe significant 285 

differences after malnutrition in the MC group or in the group that received milk compared 286 

to the WC group. BFS group showed a significant diminution in this cytokine. However, 287 

the re-nutrition with PFM increased significantly the number of IFN-γ positive cells in the 288 

thymus compared to the well nourished mice. This cytokine could be produce by T cells, 289 

macrophages and also by NKT cells, the increases observed could be attributed to increases 290 

in the functionality or in the number of these cell populations. The increases observed for 291 

IFN-γ showed that PFM administration could activate thymic epithelial cells and it could 292 

influence the proliferation and activation of thymocytes.  293 

Other cytokines related to macrophages functionality such as TNF-α and IL-12 had not the 294 

same profile. The numbers of IL-12 producer cells were similar in the thymus after 295 

malnourished or re-nourished periods, which would be in agreement to the results obtained 296 

for macrophages. However, TNF-α positive cells increased significantly in the MC group 297 

and decreased after re-nutrition without differences between the diets. These increases in 298 

TNF-α could be related with the increases in the thymic apoptosis cells observed in the 299 

mice from MC group, as was reported in other models
(19)

. 300 

IL-6 was other cytokine analyzed which is produced primarily by thymic epithelial cells 301 

and can also be produced by CD4+ T lymphocytes and macrophages. In our study, IL-6 302 

positive cells decreased significantly in malnourished mice, which was according to the 303 

decrease in the mature T cells subset. IL-6 producer cells increased in the mice after re-304 

nutrition with milk or PFM, but not with BFS, reaching in the two first groups the values 305 
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observed in well nourished mice. This observation could be related with the restoring of the 306 

thymocyte proliferation and maturation observed after re-nutrition diet
(20)

. 307 

The analysis of IL-4 showed that this cytokine decreased after malnutrition, being 308 

significantly diminished the number of IL-4 positive cells in the groups that received PFM 309 

or BFS compared to both WC and MC groups. IL-4 can be produced by thymocytes and 310 

also by NKT cells. It is know that IL-4 inhibits the growth and differentiation of fetal 311 

mouse thymus in organ culture
(21)

. The lack of increases in this cytokine after PFM 312 

administration agree with the increases of IFN-γ production in the thymus of these mice, 313 

which, as was discussed above, IFN-γ is involved in the activation of the thymic epithelial 314 

cells to release other cytokines, and to regulate IL-4 production, that can participate in the 315 

activation and proliferation of thymocytes
(18)

.  316 

Finally, IL-10 was studied and the results showed that the mice given PFM during the re-317 

nutrition period increased significantly the number of positive cells for this cytokine. These 318 

increases can contribute to the decrease of the cellular apoptosis observed after the re-319 

nutrition. IL-10 can act as anti-apoptotic factor increasing Bcl-2 expression (related with 320 

mitosis), reducing caspase-3-dependent thymocyte apoptosis and improving survival
(22)

. 321 

It is important to note that in the analysis of the cytokines, the best improvement in the 322 

thymus function was observed with the administration of the PFM during the re-nutrition 323 

period. Mice given bacterial free supernatant presented a slightly improvement in the 324 

thymus similar to the milk re-nutrition. This fact demonstrated the importance of the whole 325 

fermented product to have the best effect in the histology and function of the thymus in this 326 

non severe PEM model.  327 
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This is a first report in an animal model of malnutrition using BALB/c mice, demonstrating 328 

the effect of probiotic administration on thymus after a malnutrition period. The 329 

improvement in thymic function would be also responsible for the increase in the mucosal 330 

and systemic immune response observed in previous studies using this same non severe 331 

malnutrition model
(7)

. 332 

Studies to know more about the probiotic effect on different cell populations as NKT cells, 333 

and on the components from thymic intralobular extracellular matrix (ECM) as fibronectin, 334 

involved in the maturation or in the cellular differentiation in the thymus of malnourished 335 

mice are currently undergo.   336 

 337 

 338 

Abbreviations: PEM, protein-energy malnutrition; PFM, probiotic fermented milk; BFS, 339 

bacterial free supernatant; MRS, Mann-Rogosa-Sharp; PBS, phosphate buffered saline; 340 

FITC, fluorescein isothiocyanate; DC, dendritic cells. 341 
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Table 1. Cytokine-producing cells in the lamina propria of the small intestine. 419 

 420 

 

Samples 

 

Group 

IL-2 SD IL-12 SD TNF-α SD IFN- γ SD IL-6 SD IL-4 SD IL-10 SD 

5 days of 

re-nutrition 

WC 28
a
 7 9

a
 3 35

a,b
 7 35

a,b
 7 33

a
 5 34

a
 5 21

a,c
 6 

MC 14
b
 5 9

a
 4 42

a
 9 46

a
 13 21

b,c
 6 26

a,b,c
 7 31

a
 4 

M 21
a,b

 6 7
a
 2 36

a,b
 8 47

a
 9 33

a,b
 7 28

a,b
 5 21

a,c
 6 

PFM 26
a
 5 9

a
 3 35

a,b
 7 49

a
 6 33

a,b
 6 24

b
 2 41

b
 3 

BFS 21
a,b

 8 ND ND 28
b
 4 22

b
 8 19

c
 5 15

c
 6 12

c
 5 

 421 

Cytokine-producing cells were detected in the thymus of mice from different experimental 422 

groups (well-nourished control (WC), malnourished control (MC), and mice re-nourished 423 

with milk (M), probiotic fermented milk (PFM) or bacterial free supernatant (BFS)) by 424 

indirect immunofluorescence assays. Results were expressed as the number of positive cells 425 

counted in 10 fields of vision at 1000X of magnification. Values are the means for n = 15 ± 426 

SD mice from each group. 
a,b,c

Means for each cytokine without a common letter differ 427 

significantly (p < 0.05). 428 

429 
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Figure Legends 430 

Fig. 1. Show the design of the different experimental groups under study. Protocol for 431 

malnutrition and re-nutrition with the different dietary supplements. Mice were sacrificed at 432 

day 30 (basal sample, 7 weeks of age) and 5 days after re-nutrition (day 35, 8 weeks of 433 

age). Square represent each day of the experiment (starting at the weaning, 21 days of age).   434 

  435 

Fig 2. Histological study comparing the different experimental groups. Histological slices 436 

from thymus of mice were analyzed after staining with hematoxylin-eosin. All the samples 437 

were obtained after 5 days of re-nutrition with a magnification of 100X. Each 438 

microphotography correspond to one mouse that represent the majority (more than 75%) of 439 

the images obtained from the individual animals of each group. Significant differences 440 

between males and females for the same age were not observed. A) WC group B) MC 441 

group: the thymus showed a loss of cortico-medullary differentiation with lobule decreases 442 

compared to WC group. The three re-nutrition dietary supplements: milk (C), PFM (D) and 443 

BFS (E) improved the histological alterations caused by the malnutrition, being the mice 444 

that received PFM, the group that shows histological characteristics similar to the WC 445 

animals.  446 

 447 

Fig 3. Apoptosis assays in thymus comparing the different test groups. Cellular apoptosis 448 

was evaluated in the slices from thymus for the presence of DNA breaks using the 449 

Apoptosis Detection System kit. Apoptosis was expressed as the number of apoptotic cells 450 

in 10 fields observed at 400× of magnification. Values are means for n = 15 ± SD mice 451 

from each group. 
a,b,c

Means without a common letter differ significantly (p < 0.05). 452 
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 453 

Fig 4. Macrophages and dendritic cells in thymus. Macrophages (A) and DC (B) were 454 

determined for the marker F4/80 and 33D1 respectively, by indirect immunofluorescence 455 

on the thymus tissue slides of mice from different experimental groups (WC, MC, and re-456 

nourished with milk, PFM or BFS). Results were expressed as number of positive cells 457 

recognized for the respective primary antibody, counted in 10 fields of vision at 1000X of 458 

magnification. Values are means for n = 15 ± SD mice from each group. 
a,b,c

Means for each 459 

cell population without a common letter differ significantly (p < 0.05). 460 

 461 

Fig 5. CD4
+
 and CD8

+
 (single and double positive) T lymphocytes in thymus. The number 462 

of CD4
+
 and CD8

+
 cells was determined by flow cytometry. Figure A represents the mean 463 

values for n = 15 ± SD obtained from mice of each group. 
a,b

Means for each cell population 464 

without a common letter differ significantly (p < 0.05). Representative dot plots of the 465 

different groups are showing in figure B (WC), C (MC), D (M), E (PFM) and F (BFS).  466 


