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Abstract

Keywords: Hamlet; Cancer; Radiation Therapy

   Cancer is one of the most common causes of death, with up to 14 million worldwide. The oncogenic therapies and immunothera-
pies against the diverse forms of cancer remain to be defined. Radio and Chemotherapy are still the anti-cancer of the first choice. 
However, the secondary effects of these treatments are detrimental to the health. Several studies have reported the pro-apoptotic 
properties of HAMLET (Human alpha-lactalbumin Made Lethal to Tumor cells). The hypothesis is that complex formation with fatty 
acids cause membrane disruption of the cancerous cells. Therefore, in the present study, we aimed to evaluate the oral administration 
of Hamlet in case control study. The microbial growth in stool samples of the individual  treated with HAMLET at four different time 
points during two weeks were recording in selective  medium (MC, Trypt, EMB, and BA) for  Firm cutes and Bacteroidetes (90%) and 
for the rest 10% of mostly Gram negative), among them the Proteobacteria (of utmost of the family Enterobacteriaceae). Antibiotics 
sensibility and resistance, Gram staining and Colony-forming units (CFUs) evaluated at different time points of the HAMLET treat-
ment. Briefly, in medium BA, an increase (0.6 logs) (P < 0.05) of the CFUs  at time point four. While, in MC an increase (0.88 logs)
(P < 0.05)  in the CFUs was recorded at time point 4 of the treated individual (P) versus untreated individual (H). Of note is that the 
increase in the CFUs in medium EMB was recorded even at time point 1 (1.2 logs) after oral administration of HAMLET, whereas at 
time point four, the increase was by 0.7 log with respect to untreated individual (H). Altogether, the data show a modulation in the 
composition and behavior of the gut microbiota in the treated (P) than untreated individual (H). We propose that the positive effect 
of the oral administration of HAMLET might be beneficial for patients before surgery and or radio/chemotherapeutic treatment.

DOI: 10.31080/ASMI.2024.08.1375

Running Title: Effect  in the gut microbiota after oral HAMLET administration 

Citation: Gloria G Guerrero M., et al. “Prophylactic Effect in the Gut Microbiota After Oral Administration of HAMLET: Results of a Case Control Study". 
Acta Scientific Microbiology 7.5 (2024): 12-26.

https://actascientific.com/ASMI/pdf/ASMI-07-1375.pdf


13

Prophylactic Effect in the Gut Microbiota After Oral Administration of HAMLET: Results of a Case Control Study

Introduction 

Cancer is one of the most common causes of death. Up to four-
teen millions worldwide [1]. cancer is a chronic disease character-
ized by unregulated cell division, leading to replicative immortality 
and resistance to cell death. Cancer cells grow into an abnormal 
cell mass, except in hematologic cancers, where cancer cells grow 
and spread through the blood, lymphatic systems and bone mar-
row. Cancer processes originate mainly from damage or mutation 
of proto-oncogenes that encode proteins involved in the induction 
of cell proliferation, differentiation, and tumor suppressor genes 
producing inhibitory signals of cell growth, stimulate apoptosis 
[2,3], angiogenesis involved in tumor growth and progression [4-
7].

To control and eliminate cancer cells has been the subject of in-
tense research for decades. Cancer patients undergoes chemother-
apy treatments, radiotherapy, toxic compounds that mainly inhibit 
the rapid proliferation of cancer cells. In other cases, depending on 
the cancerous tumor, surgery may even be performed first [8-10] 
Chemotherapy based on toxic compounds inhibit the rapid pro-
liferation of cancer cells. However, they can also inhibit the rapid 
growth of the cells necessary for the hair follicles, bone marrow, 
and gastrointestinal tract. This results in the undesirable side ef-
fects in cancer treatment [11,12]. Surgery and radiation therapy 
are the most effective and valuable treatments for local and non-
metastatic cancers, but they are ineffective when the cancer has 
spread throughout the body. Current therapies against cancer of 
different types are based mainly in chemotherapies and radiother-
apies which mainly inhibit the rapid proliferation of cancer cells 
[13-17]. In recent years, other alternatives based on natural prod-
ucts as Cannabinoids [11,12,18] are being reported. These natural 
chemical compounds can modulate proliferation, death of differ-
ent cancer cells and angiogenesis [1,19], The Secondary effects of 
chemotherapy includes mucositis, anemia, long-term neutropenia, 
mutagenic changes, neuropathy or chronic heart failure [2,14,19].

Alpha-lactalbumin (α), a small (Mr 14,200), acidic (pI 4–5) 
Ca2+-binding protein, which mainly serves as the substrate of the 
lactate synthase, a component of lactose synthase enzyme system. 
α--LA is very important in infant nutrition since it constitutes a 
large part of the whey and total protein in human milk. Among 

other biological activities of alpha LA is in addition to its binding 
to fatty acids, such as oleic acid (C18:1) favoring a molten unfolded 
state, which endowed with antimicrobial and antiviral properties 
[20,21]. Moreover, the complexes of partially unfolded α--LA with 
oleic acid showed significant cytotoxicity to various tumor and 
bacterial cells [22-24]. As aforementioned above, alpha-LA plays a 
role as a delivery carrier of the cytotoxic fatty acid molecules (Oleic 
acid) onto the cell membrane of the tumor cells [22,25]. The oleic 
acid and the protein form a common core-shell structure, called 
lipoproteins (lipids and partially denatured proteins) considered 
as molten globular containers filled with the toxic oil which action 
initiates by stabilizing the unfolded protein in the complex protein: 
fatty acid followed by insertion and integration in the membrane 
[24,26] resulting in membrane disruption, internalization of (Hu-
man alpha-lactalbumin Made Lethal to Tumor cells) (HAMLET) and 
targeting cellular components and finally activation of different sig-
nalization pathways such as Apoptosis, Caspase, Ras, c-Myc path-
ways, and cell death [22,26-28]. In addition, of relevance is that in 
animal models, the therapeutic effect of HAMLET effect is defined 
by the expression of the oncogenes. The potential effect of HAM-
LET as anticancerigen is well documented in the literature [29-35] 
either in animal models with different types of cancer as well as 
in vitro studies, using cancer cell lines of different tissues [29-35]. 
Recent studies with peptides from alpha-LA [36,37] represent a 
hope and encourage for bladder cancer cells which usually thera-
peutic treatments has been failure or high rate of recurrence.. Tak-
ing advantage and the knowledge of the fact that partially unfolded 
alpha-LA, what is called the molten globular state, forms the oleic 
acid complex or HAMLET, with potent tumoricidal activity [36,37]. 
On referring to a clinical studies recently reported, a designed pep-
tide of 39 amino acid residues of alpha helical conformation from 
alpha lactalbumin, complexed with oleic acid (alpha-1-oleate). 
This complex in the placebo controlled, double blinded Phase I/II 
interventional clinical trial of non-muscle invasive bladder cancer 
reached safety and efficacy. Furthermore, the treated tumors show 
evidence of apoptosis and the expression of cancer-related genes 
is inhibited [37]. 

By another hand, the diversity and the abundance of the gut 
microbiota imply a role in the human health [38] in the homeo-
stasis of nutrients metabolism, and gut immunity [39;40]. The gut 
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Figure 1A: The gut microbiota composition under normal conditions. Microbial diversity plays of utmost a role in the health and disease. 
Any disbalance in the composition can alter either the function of the microbiota. The composition can be influenced by intrinsic or ex-
trinsic environmental factors, and therefore alter the function of the microbiota resulting in dysbiosis or another intestinal or neuronal 
disorder. B- Scheme of the protocol designed to analyze the effect of the oral intake of HAMLET in a period of two weeks. As depicted, 
Microbial growth, Gram staining, antibiotic resistance and unit forming colonies (CFUs) were recorded in each time point after oral intake 

administration of HAMLET (V= 30 ml).

is inhabited by thousands of microorganism estimated in 1014, a 
mixed population of bacteria, archaea, fungi, and protozoa referred 
as gut microbiota. The role and contribution of the gut microbiota 
to the human health [40,41], because the diversity and abundance. 
The gut microbiome is composed utmost of ninety percent (90%) 
of Bacteroidetes and Firm cutes [42,43] (Figure 1 A). Ten percent 
(10%) includes to the Proteobacteria, Actinobacteria (Bifidobacte-
rium), Fusobacteria, and Verrucomicrobia. Firm cutes are mainly 
Gram-positive bacteria, and mostly Clostridium (95%) and 5% 
are conformed by Lactobacillus, Bacillus, Eritrococcus and Rumi-
nococcus. While the Bacteroidetes usually are Gram negative bac-
teria, such as Bacteroidetes and Prevotella [38]. Any disbalance 
onto the gut microbiota composition leads to disease in dysbiosis, 
which has been associated to inflammatory diseases such as, in-
flammatory diseases (IBD), inflammatory syndrome (IBS), as well 
as other chronic and autoimmune diseases (i.e. obesity, diabetes, 
asthma psoriasis, cancer, and neurological disorders [43,44]. The 
role and the contribution of the gut microbiota in the health axis, 

brain, gut microbiota is pointed to the fact that gut microbiota is 
endowed with the ability to synthesize a number of different nu-
trients elements that participate in the human metabolism. Among 
the vitamins (K,B, biotin, Cobalalimn, folate, nicotinic acid, panto-
thenic acid, pyridoxine, riboflavin, and thiamin) [49,50]. Secondly, 
Furthermore, gut microbiota produces neurotransmitters causing 
good mood and cognition [44,45]. Besides, gut microbiota partici-
pate in promoting nutrient adsorption and metabolism through the 
degradation and fermentation of fibers, and the biotransformation 
of bile acids produced by the liver) [45-47]. Taking in account this 
knowledge and the secondary effects of the radio therapy/Chemo-
therapy side effects, in the present work we aimed to evaluate the 
effect of the oral intake of HAMLET, specifically on gut microbiota. 
To this end, microbiological analysis of the fecal microbiota was 
performed. The results obtained suggest that there is a probiotic 
like effect at the intestinal flora that could have a role to recover 
patient’s mood and appetite. 
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Material and Methods
Study design and approval

The study and all the procedures for medical research involving 
human subjects, including research on identifiable human material 
and data were approved by the Ethic Committee in Research of the 
Zacatecas, General Hospital “Luz Gonzalez Cosio” CONBIOETICA-
32-CEI-001-20180807. Healthy untreated individual and an Indi-
vidual with affection and treated with HAMLET written informed 
consent. Adverse events and reactions were monitored systemati-
cally throughout the study. 

Study procedures and timing of samples
The participant were instructed to take one dose of 30 milli-

liters of prepared HAMLET early in the morning every four days 
(Figure 1A) for two weeks. At each time point, feces and urine were 
taken for further clinical analysis. The participants were advised 
not take food before oral administration of HAMLET. Similarly, par-
ticipants were instructed not to drink any probiotics during the 
study period. 

HAMLET preparation
The complex of α-lactalbumine (LA):oleic acid (C18:1)(AO) was 

obtained from donors mother’s milk. Thereafter was storage and 
frozen. During this time, human milk is acidified to reach a 15 Dor-
nic (°D). The acidification process can be accomplished by adding 
ethylene diamine tetra acetic acid (EDTA).

Culture mediums

40 gr of Agar Middlebrook trypticasein (TCB Lab, Cat No. 7171) 
dissolved in 1000 ml of distilled water, with vigorous stirring, and 
boiling for 1 minute. Thereafter Bacteriologic Agar (MCD Lab Cat 
No 9011) was added at a concentration of 1.2 to 1.5%, w/w). The 
medium is sterilized at 121ªC (15 lbs.)/15 minutes and after me-
dium reached a temperature of 451C, petri dishes were prepared. 
The medium, Agar Eosins and methylene blue (EMB)(MCD Lab, Cat 
No 7051)(35 g/ lt); (MacConkey (MCD LAB, Cat No 7111)(50/1t 
) and the medium Base Blood Agar (MCD LAB, Cat No 7241)(40 
gr/1 Lt). 

Microbial growth, and composition

A sample of feces were resuspended in 1 ml of sterile water, and 
vortexed for homogenization. An aliquot of 100 microliters were 

spread into solid medium of Agar eosin and methylene blue (EMB)
(MCD Lab, cat no 7051), MacConkey (MCD LAB, cat no. 7111); 
trypticasein broth (TCB, MCD Lab, cat no 7171); Bacteriologic agar 
(no de cat 9011), and Base Blood Agar (MCD LAB, cat no. 7241). 
The plates were incubated at 37ªC for 48 h. Growth was record-
ed in each medium, by plate counting of the serial dilutions. The 
counting was expressed as the log of colony forming units (CFUs). 
A general identification of the microbial growth was assessed by 
Gram Staining KIT (HYCEL GRAM DYES, cat no.541), following the 
manufacturer’s instructions. Antibiotic susceptibility/resistance 
assessed with sensidiscs (DT-35 Multibarc LD, cat no; 6P1 DT-34, 
cat no. 6P1). 

Statistical analyses
Statistical analyses were performed using Graph Pad Prism 6.0 

(CA, US) using a non-parametric analysis of variance (ANOVA). A p 
≤ 0.05 was considered significant

Results
Prophylactic effect of the oral intake of HAMLET.in a case con-
trol study

The effect of the oral intake of HAMLET (Dorninc of 11 to 12) 
was analyzed in a case control study. To this end a protocol was 
designed (Figure 1B). As depicted in the scheme, a period of two 
weeks with intervals of four days were accomplished. In each time 
point starting from zero (written consent informed signed). Next 
day, the stools were recollected before the first dose (time= 1) of 
HAMLET (V= 30 ml). After four days’ time = 2), the second dose 
of HAMLET, stools were collected. The third dose of HAMLET after 
four days (time= 3). The fourth dose after four days (time = 4) - 
Stools collected before the fourth dose [38,41-47].

The microbiological analysis of the fecal microbiota were di-
vided in four aspects: microbial growth in different and selective 
media cultures (Mat and Methods). Secondly, Gram staining for 
identification of Gram Negative and Gram Positive. The third point 
was to evaluate the sensibility and resistance to antibiotics. The 
fourth point was to count the colony units forming (CFUs) in the 
different media. 

Fecal Microbiota growth

For the characterization of the microbial growth in different se-
lective media, stools were homogenized as described in Materials 
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and Methods. From the Figure 2, healthy untreated individual (A) 
and treated individual (B), it is observed that bacteria grew at the 
different time points and in the different media cultures, with a 
diverse morphology. In MacConkey (MC) media the colonies were 
rose dark colored, while in Eosin Methylene Blue Agar (EMB) the 
colonies for one side green brilliant and other were dark blue (A). 
In (B), the colonies were also of similar color in MC but the col-

or of the medium were changed in all time points (1-4) while in 
EMB the colonies were mostly dark blue and in others looks like 
drops of Bougainville color (time point 3). In addition the fecal mi-
crobiota growth in B changed also the color of the medium. While 
the colonies of the fecal microbiota seeded in trypticasein soy agar 
and Blood gar (BA) utmost are cream colored colonies at each time 
point in A and in B. 

Figure 1B: Microbial growth of fecal microbiota in selective medium. Stools from the healthy individual (A) and the individual under the 
treatment of HAMLET at each time point (1-4) were homogenized in sterile water and seeded in selective medium [MacConkey, Trypti-
caseine soya agar, Blood Agar (AS) and Eosin Methylene Blue Agar (EMB)] as described in material and Methods. In MacConkey (Mc) and 
Eosin Blue methylene agar (EMB) medium different colorful colonies than the colonies that grows in Trypticaseine soya agar (Trypt) and 
Blood Agar (AS) where usually cream colored colonies grew. A change of the medium culture (EMB and Mc) induced by the individual 

treated with HAMLET (B) was more evident than in healthy individual (A). 

Fecal Microbiota growth are mostly Gram negative Bacteria

The gut microbiota is predominantly Firm cutes and Bacterio-
detes (90%) mostly Gram positive bacteria while the rest of the 
bacteria are Gram negative, between them the phylum of Proteo-
bacteria, the gamma group comprised by the Enterobacteriaceae 
[38-47] (Figure 1A). From the stool samples (Mat and methods), 
at each time point (1-4). From Figure 3, on the right hand (A) un-
treated individual and the left hand (B) treated individual. Thus, 
in A, it is observed that fecal microbiota seeded in MC analyzed 
at 100X, times 1 and 3, a mixed population of Gram negative and 
Gram positive while in times 2 and time 4, mostly are Gram nega-

tive. In Trypt, a mixed population of Gram negative and Gram posi-
tive at times 1, 3, and 4 while at time 2 mostly are Gram negative. 
Moreover, fecal microbiota seeded in BA, and EMB, mostly of were 
Gram-negative at all time points, except that at time point 4, it is 
observed a mixed population of Gram negative and Gram positive. 
In treated individual con HAMLET (B), the fecal microbiota seeded 
in MC, at time 1 and 3 a mixed population of Gram positive and 
Gram negative while at times 2 and 4 predominantly Gram nega-
tive were observed. In Trypt, the fecal microbiota that grew were 
mostly Gram negative bacteria in all the time points, (1-4). In BS, at 
time 1 and 2 a mixed population of Gram negative and positive. At 
times 3 and 4 predominantly grew Gram positive. In EMB, at times 
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1,3 and 4 mostly Gram negative while at time 2 a mixed population 
of Gram negative and Gram positive bacteria. 

Susceptibility and Resistance of the fecal microbiota after oral 
ingestion of HAMLET

To evaluate the effect of the oral ingestion in the susceptibility 
or resistance to antibiotics of the Gram negative and Gram positive 
identified above, fecal microbiota was seeded in each of the me-
dium cultures at each time points. From Table 1A (Gram-positive) 
and Table 1B(Gram-negative), the growth (resistance) and the 
inhibition of this (susceptibility) in the presence of the different 
antibiotics outlined at the right side indicated respectively as low 
(+) or medium (++) or high (+++) respectively from untreated (H) 
or treated individual (P). 

Of relevance is that the expression of the sensibility and the re-
sistance is influenced by the selective medium culture. The Gram 

Figure 2: Gram staining of the fecal microbiota. The analysis of the effect of the oral intake of HAMLET in the gut microbiota at each time 
point (1-4) microbial growth in each of the medium were processed for Gram staining. It was found that mostly are Gram negative, co-
incident with the Entero bacteria presence. The fecal microbiota of the individual under the HAMLET treatment after the first intake of 
HAMLET a mix of Gram negative and Gram positive was observed, however after the fourth dose, utmost Gram negative were observed. 
While in the healthy individual a mix of Gram negative and Gram-positive bacteria (mixed staining between dark blue and pink). A repre-

sentative image at 100X of at least five fields in the optical microscopy. 

positive bacteria of untreated individual (Table 1A) showed in MC 
showed at times 1 and 3 a susceptibility to the different antibiot-
ics, At time 2 a mixed S/R trait. At time 4 mostly a resistance to the 
different antibiotics. In treated individual, at time 1 a susceptibil-
ity to the antibiotics, while at time 2 resistance, at time 3 a mixed 
S/R and at time 4 mostly a resistance to the different antibiotics. In 
Trypt, untreated individual showed a resistance to the antibiotics 
at all time points while Gram positive bacteria of treated individual 
showed at time 1and 4 resistance, and at time 2 and 3 a mixed a 
mixed S/R to the different antibiotics. In medium BS, Gram positive 
bacteria of untreated individual at times 1, 3 and 4 resistance to 
the different antibiotics. At time 2 a mixed S/R to the antibiotics. 
Gram positive bacteria from treated individual showed at times 1 
a mixed S/R to the different antibiotics. At time 2 resistance to the 
antibiotics and at times 3 and 4 mostly susceptibility to the differ-
ent antibiotics. Finally, Gram positive grew in EMB of untreated in-
dividual at time 1 and 3 showed a susceptibility to the antibiotics, 

A B
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while at times 2 and 4 a resistance to the different antibiotics. The 
Gram positive bacteria of the treated individual at all times showed 
mostly a susceptibility to the different antibiotics (Table 1Aa). 

-Gram negative from untreated individual (H) in MC at time 1, 
3 and 4 showed mostly susceptibility while at time 2 a mixed trait 
of susceptibility and resistance. In Trypt, Gram negative bacteria 
showed mostly susceptibility trait at time points of 1-3 while at 
time 4 mostly a resistance trait (Tables 1Aa). In BS, untreated in-
dividual, at time 1 and 3 a mixed trait S/R, while at times 2 and 4 
mostly a susceptibility trait. In EMB medium, the Gram negative 
bacteria of untreated individual showed susceptibility to the dif-
ferent antibiotics at all time points (1-4). In contrast, Gram nega-
tive bacteria from treated individual showed mostly resistance to 
the different antibiotics at times 1 and 2, while at time 3 a mixed 
trait S/R and at time 4, mostly the Gram negative bacteria showed 
susceptibility to the different antibiotics (Table 1B, 1Bb) Moreover, 
treated individual (P) the Gram negative bacteria in MC showed 
at time points 1 to 3 a mostly susceptibility trait, however at time 
point 4 showed mostly a resistance trait (Table 1B). In Trypt, Gram 
negative bacteria from treated individual (P) showed a similar trait 
than untreated individual (H) except that at time 4 mostly showed 
a susceptibility trait. In BS, at time 1 mostly Gram negative were 
susceptible than resistance, at times 2 and 3 mostly Gram nega-
tive showed resistance to the different antibiotics. At time 4, Gram 
negative showed mostly susceptibility to the different antibiotics. 
Gram negative bacteria in EMB from treated individual showed 
mostly resistance to the different antibiotics at times 1 and 2, while 
at time 3 a mixed trait S/R and at time 4, mostly the Gram negative 
bacteria showed susceptibility to the different antibiotics (Table 
1B, 1Bb). 

Increase in the colony forming units (CFUs) after oral intake 
of HAMLET

To evaluate the effect of the oral administration of HAMLET in 
intestinal flora (decrease or increase), counting of the colony form-
ing units (CFUs) were recorded at the different medium, and at 
each time points in untreated (H) and treated individual (P) (Table 
2). CFUs recording of the different types colonies: Large colonies, 

creamy colonies (I), and Small colonies (Bouganville and metallic 
blue) (II) in each of the mediums, Trypticaseine (Trypt), MacConk-
ey (Mc),  Blood Agar (BA), and Eosin methylene Blue (EMB). Briefly, 
from the data, the number of CFUs I or II, in the medium Trypt, 
not effect of the oral administration of HAMLET in the treated indi-
vidual (P) at any point time points while in the untreated individual 
(H), at time point three, an increase in the CFUs (type I) (7.14 ± 
0.03) with respect to the treated individual (P) (6.31 ± 0.86)(P< 
0.05), Similarly, an increase in the CFUs (type II) (7.46 ± 0.44) with 
respect to the treated individual (6.80 ± 1.32) (Table 2).

In the medium MacConkey (MC), an effect of the oral adminis-
tration of HAMLET in the treated individual (P) at time point four 
was observed in the type I colonies, 7.45 ± 0.07, versus untreated 
individual (H) (6.80 ± 0.28). An increase of the CFUs, type II were 
also recorded at time point four in the treated individual (P) (7.40 ± 
0.14) versus untreated individual (H)(6.58 ± 0.59)(P< 0.05). In the 
medium Blood agar (BA), an increase in the number of CFUs type 
II were recorded at time point four from the treated individual (P) 
(6.6 ± 0.63) versus untreated individual (H)(6.0 ±  1.41)(P< 0.05)
(Table 2). While in the medium Eosin methylene blue (EMB), an 
increase in the number of CFUs type I and type II were recorded at 
time point four of the treated individual (P) versus untreated indi-
vidual (H). respectively (Table 2).   

Discussion
The aim of the present study is to evaluate the potential positive 

effect of the oral administration of HAMLET (Human alpha-lactal-
bumin Made Lethal to Tumor cells) in an individual with a chronic 
affection. The results obtained suggest that oral administration of 
HAMLET might have a positive effect in the composition and func-
tion of the gut microbiota causing improvement in the appetite and 
in the mood of the patient(s). 

Alpha-lactalbumin (α) (alpha-LA)a small (Mr 14,200), acidic (pI 
4–5) Ca2+-binding protein, which mainly serves as the substrate 
of the lactate synthase, a component of lactose synthase enzyme 
system [20]. Remarkable, several reports have highlighted that 
the complexes of partially unfolded α--LA with oleic acid showed 
significant cytotoxicity to various tumor and bacterial cells [22,25]. 
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Figure 3: Colony Units Forming (CFUs). The analysis of the CFUs in each of the medium at each time point (1-4) at dilution of 10-5 ren-
dered a pattern of grow similar between the healthy individual and the individual (A) under the treatment with HAMLET (B). However, 
the balance between the small colonies (orange) and the big colonies (blue) were more consistent in B in all the medium tested (I-IV) 
(Mc, Trypt, BA, EMB). In addition, in EMB (IV) the purple and the bougainvillea colonies were more predominant at 10-5 than in healthy 
individual. At P < 0.05 between time points of each medium as well as between big (blue) and small colonies (orange) were considered 

significant.

The oleic acid and the protein form a common core-shell structure, 
called lipoproteins (lipids and partially denatured proteins) con-
sidered as molten globular containers filled with the toxic oil which 
action initiates by stabilizing the unfolded protein in the complex 
protein: fatty acid followed by insertion and integration in the 
membrane, resulting in membrane disruption, internalization of 
HAMLET and targeting cellular components and finally activation 
of different signalization pathways such as Apoptosis, Caspase, 
Ras, c-Myc pathways, and cell death [22,26-35]. Furthermore, the 
bactericidal and antiviral properties of alpha-LA and its fragments 
are documented in the literature. Interestingly trypsin and chy-
motrypsin digestion yields peptides with bactericidal properties 
[48]. Fragments of alpha-LA obtained after endopeptidase diges-
tion (pepsin and trypsin) are capable to lower the blood pressure 
in hypertensive adult rats [49]. In another study, a long peptide of 
35 amino acid residues cleaved by endopeptidases in the residues 
59-93 induces the growth of human fetal lung fibroblast cells [50]. 

Moreover, in addition to the above biological activities of the alpha 
LA, this molecule possesses remarkable immunomodulation activ-
ities, either in a native and hydrolyzed state. In the murine models 
it has been shown that alpha-LA enhance the antibody response to 
systematic antigen stimulation [51] and have a direct effect on the 
cellular immune response, specifically on B lymphocytes function 
and it is able to suppress T cell dependent and T cell independent 
cellular responses [52]. Of utmost importance are the studies in 
animal models where oral administration of alpha-LA has been 
evaluated. The observed effects goes from; (i) inhibition of writh-
ing induced by acetic acid (mice); in (ii) suppression of nociception 
and inflammation in rat footpads, and (iii) a therapeutic effect on 
the development of adjuvant-induced pain and inflammation in rat 
[64]. iv) The administration of alpha-LA 1 h before carrageenan 
injection inhibited the increased formation of interleukin-6 (IL-6), 
and prostaglandin 2 in paw exudates. v) alpha-LA inhibited cyclo-
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oxygenase and phospholipase A2 activities in vitro, and vi) alpha 
-LA has a marked suppressive effect on hepatic fibroses through 
a nitric oxide-mediated mechanism in rats [53]. In addition, treat-
ment of RAW 264.7 cells with a high concentration alpha-LA (100 
g/mL) results in their time and dose-dependent decrease in either 
growth activity, morphological changes, increase in hypo diploid 
DNA population, and DNA fragmentation [54]. In fact, a high dose 
of this protein induces cellular apoptosis and necrosis. It activates 
several signalization pathways, such as the cytochrome c, active 
caspase 3, active caspase 8, extracellular signal-regulated kinase 
(ERK1/2) and c-Jun N-terminal kinase (JNK) activation however 
suppresses the protein level of Bcl-2. Indeed it has been suggested 
that long term consumption of alpha-LA reduce the risk of colon 
cancer [55], possible through a inhibition of cyclooxygenase-2 
[55]. Of relevance it the finding that even a single exposure to the 
culture medium containing alpha-LA of an active lot for a period as 
short as 30 min is enough to provoke cell death, possibly through 
apoptosis [55,56]. In fact the potential mechanism could involve a 
direct effect at the nuclear level [22]. Interestingly, HAMLET in tu-
mor cells co-localizes with histones H3, H4, and H2B [56-59], and 
perturbs the chromatin structure, impairing their deposition on 
DNA. The interaction of HAMLET with histones and chromatin in 
tumor cell nuclei locks the cells into the death pathway by irrevers-
ibly disrupting chromatin organization. Alpha-LA internalizes into 
the cells and enters even the nucleus only when it is complexed 
with oleic acid [55,56]. 

By another hand, on referring to the role of the gut microbi-
ota in health and disease. Specifically referring to mental health 
(brain) and in chronic diseases such as cancer. In mice, it has been 
studied that even a short exposure to psychological stressors, is 
possible to modify the gut microbiota resulting in a reduction of 
Lactobacillus [38-47]. The presence of this bacteria has been asso-
ciated with health benefits, immunomodulation and reduction of 
inflammation [60]. Moreover, some neuropeptides produced in the 
gut have displayed antimicrobial activity. In addition, hormones 
such as adrenaline, noradrenaline, and cortisol produced through 
activation of the hypothalamic–pituitary–adrenal axis have been 
correlated with bacterial pathogen’s growth [61]. Furthermore, it 
has been found that colonization of ice with microbes could have 
a role in the regulation of emotions, could even increase anxiety 
[62]. This can be likely attributed to the e bi-directional interac-
tion between the central nervous system and the enteric nervous 

system via the vagal nerve, commonly known as the gut-brain axis. 
However, it has been suggested that it could be also due to the neu-
ropeptides generated by endocrine cells and the neurotransmitters 
potentially produced by gut bacteria [61,63]. Thus, Gut microbiota 
could also have an influence in the central nervous system thor-
ough the production of short chain fatty acids (SCFAs) which has 
been shown influence epigenetic regulation linked, in turn, to the 
development of brain and behavior [62,63]. Besides, it is also be-
lieved that these SCFAs may affect the permeability of the gut epi-
thelium, and reach the brain through the bloodstream, affecting it 
directly [61-64]. In another study on mice it was found that highly 
caloric diets rich in fat and sugar could be linked to changes in mi-
crobial composition that adversely affect mood [61-64]. From our 
microbiological analysis of the fecal microbiota, we have found that 
the oral administration of HAMLET have an effect in the modula-
tion in the susceptibility and resistance to the different antibiotics 
(Table 1A, 1Aa), Moreover the Gram negative bacteria that grew in 
MC and in EMB there is a change from Resistance to Susceptibility 
trait to the different antibiotics (Table 1B, 1Bb). Not difference with 
respect to untreated individuals at any time points in BS and in 
Trypt (Table 1Bb). Of relevance is that the effect of the oral admin-
istration of HAMLET was observed in the increase in the number of 
CFUs recorded especially at time point four (Table 2) of the type I; 
an type II colonies that grew in the mediums MacConkey and EMB, 
while in the medium BA an increase in the number of CFUs was re-
corded only for type II colonies. Of note is that in the medium Trypt 
no effect of the oral administration of HAMLET in the treated indi-
vidual (P) was recorded in either type I or type II CFUs (Table 2). 
We did not perform any further characterization(s) of the bacterial 
specie(s), subspecie increased in the medium MC or EMB, However, 
is an  issue that is currently on going. 

In summary, overall, the data reported in the present case re-
port study, could suggest a role and in an effect in the increase 
in the gut microbiota after the oral administration of HAMLET in 
an individual with a chronic disease (e.g., cancer). This indirectly 
could support recents studies on the role of the microbiota in the 
in the improvement of the appetite and the mood. Finally, HAMLET 
remains as a potential anti-cancerigen and as a candidate for pro-
phylactic cancer therapies, An issue that deserve clinic evaluations 
under different experimental settings. 
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Table 1Aa: Antibiogram of Gram-positive bacteria.

Table 1A: Antibiotic susceptibility and resistance screening in Gram-positive bacteria isolated from 
stools of treated individual with HAMLET

Note. H: Healthy individual. P: Problem. S: Susceptibility. R. Resistance, indicated as +/`+; ++/++; +++/+++ from low to higher growth or 
not growth. 

Note. H: Healthy individual. P: Problem. S: Susceptibility. R; Resistance. MC. Maconkey; Trypt, trypticaseine; BA, Blood Agar; EMB, Eosin-
Methylene Blue. Summary of data from table 1A.
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Table 1B: Antibiotic susceptibility and resistance screening in Gram-negative bacteria isolated from stools of treated individual with 
HAMLET.

Table 1Ba: Antibiogram of Gram-negative bacteria.

Note. H: Healthy individual. P: Problem. S: Susceptibility. R. Resistance, indicated as +/`+; ++/++; +++/+++ from low to higher growth or 
not growth

Note. H: Healthy individual. P: Problem. S: Susceptibility. R; Resistance. MC. Maconkey; Trypt, trypticaseine; BA, Blood Agar; EMB, Eosin-
Methylene Blue. Summary of data from table 1A.

Citation: Gloria G Guerrero M., et al. “Prophylactic Effect in the Gut Microbiota After Oral Administration of HAMLET: Results of a Case Control Study". 
Acta Scientific Microbiology 7.5 (2024): 12-26.



23

Prophylactic Effect in the Gut Microbiota After Oral Administration of HAMLET: Results of a Case Control Study

Acknowledgements
We are in debt with the donor participants. 

Declarations Statement
The authors declare no conflict of interest. 

Ethics Approval and Consent to Participate
The study and all the procedures for medical research involving 

human subjects, including research on identifiable human materi-
al and data were performed under the principles of the Declaration 
of Helsinki, and approved by the Ethic Committee in Research of 
the Zacatecas, General Hospital “Luz Gonzalez Cosio” CONBIOETI-
CA-32-CEI-001-20180807. 

Consent for Publication
Written informed consent was obtained from the patient for 

publication of this case report and any accompanying images. A 
copy of the written consent is available for review. 

Competing Interests
The authors declare no competing of interests.

Availability of Data and Material
Data will be shared following institutional guidelines. The re-

view of the literature was based on search and data from PubMed 
database without limitation to 2024. 

Bibliography

Table 2: Effect of the oral administration of Hamlet in the intestinal flora of treated (P) and untreated individual (H).

Note: Stools of untreated (H) and treated (P) individual were grew in different media growth culture (Mat and Methods)
Colony forming units (CFUs) were counted by plating serial doublé dilutions plating . The values are expressed in log10 of independent 
determinations by duplicate.a. *P < 0.05 are considered significant. I,. big colonies, creamy (Trypt) or bougainvilleas (MacCnnkey);  II, are 
small colonies, pink colonies (BA) and/or metallin navy blue (EMB).

Funding
The study did not receive funding from any dependence nor a 

grant. G.G.G.M. and A.A. C. received a fellowship by the National Sys-
tem of Researchers (SNI-CONACYT, 2023-2027). Mexico. G.G.G.M. 
is PERFIL PRODEP (A Program of the National Secretary of Educa-
tion, SEP, 2022-2025). 

Author’s Contributions
G.G.G.M. and A.A.C. conceptualization, G..G.G.M. methodology, 

analysis. and writing. D.C.R.M. D.C.S. P.R.M. collaboration in pa-
tient’s contact, clinic lab samples analysis, discussion. A.E.T. meth-
odology. All authors have read and approved the manuscript. 

1.	 World Health Organization (WHO). “World health statistics 
2022: monitoring health for the SDGs, sustainable develop-
ment goals” (2022).

2.	 Hanahan D and Weinberg RA. “Hallmarks of cancer: the next 
generation”. Cell 144 (2011): 646-674.

3.	 Brucher BLDM and Jamall IS. “Somatic mutation theory: Why 
it’s wrong for most cancers”. Cell Cellular Physiology and Bio-
chemistry 38 (2016): 1663-1680. 

4.	 Hull D 3d., et al. “Multiple estrogen receptor assays in human 
breast cancer”. Cancer Research 42 (1983): 413-416.

Citation: Gloria G Guerrero M., et al. “Prophylactic Effect in the Gut Microbiota After Oral Administration of HAMLET: Results of a Case Control Study". 
Acta Scientific Microbiology 7.5 (2024): 12-26.

https://www.who.int/publications/i/item/9789240051157
https://www.who.int/publications/i/item/9789240051157
https://www.who.int/publications/i/item/9789240051157
https://pubmed.ncbi.nlm.nih.gov/21376230/
https://pubmed.ncbi.nlm.nih.gov/21376230/
https://karger.com/cpb/article/38/5/1663/73704/Somatic-Mutation-Theory-Why-it-s-Wrong-for-Most
https://karger.com/cpb/article/38/5/1663/73704/Somatic-Mutation-Theory-Why-it-s-Wrong-for-Most
https://karger.com/cpb/article/38/5/1663/73704/Somatic-Mutation-Theory-Why-it-s-Wrong-for-Most
https://pubmed.ncbi.nlm.nih.gov/6847780/
https://pubmed.ncbi.nlm.nih.gov/6847780/


24

Prophylactic Effect in the Gut Microbiota After Oral Administration of HAMLET: Results of a Case Control Study

5.	 Djahansouzi S., et al. “The rate of estrogen receptor-conver-
sion associated with tumor progression in estrogen receptor-
positive breast cancer patients following adjuvant Tamoxifen 
administration”. Cancer Reports (Hoboken) 5 (2022): e1431.

6.	 Qiao M., et al. “Mst1 is an interacting protein that mediates 
PHLPPs’ induced apoptosis”. c Molecular Cell 38 (2010): 512-
523.

7.	 Røsland GV and Engelsen AST. Novel points of attack for tar-
geted cancer therapy”. Basic and Clinical Pharmacology and 
Toxicology 116 (2015): 9-18.

8.	 De Palma M and Hanahan D. “The biology of personalized 
cancer medicine: facing individual”. Molecular Oncology 6 
(2012): 111-127.

9.	 DeVita VT and Chu E. “A history of cancer chemotherapy”. 
Cancer Research 68 (2008): 8643-8653.

10.	 Achilli P., et al. “Survival impact of adjuvant chemotherapy in 
patients with stage IIA colon cancer: Analysis of the national 
cancer database”. International Journal of Cancer 148 (2021): 
161-169.

11.	 Chabner BA and Roberts TG. “Timeline: chemotherapy and the 
war on cancer”. Nature Reviews Cancer 5 (2005): 65-72.

12.	 Duan S and Buxton ILO. “Evolution of Medical Approaches and 
Prominent Therapies in Breast Cancer”. Cancers (Basel) 14 
(2022): 2450.

13.	 Martin OA and Martin RF. “Cancer radiotherapy: understand-
ing the price of tumor eradication”. Frontiers in Cell and Devel-
opmental Biology 8 (2020): 261. 

14.	 Lee S and Margolin K. “Cytokines in cancer immunotherapy”. 
Cancers (Basel) 3 (2011): 3856-3893.

15.	 Rosenstock AS., et al. “Acute myeloid leukemia and myelodys-
plastic syndrome after adjuvant chemotherapy: A population-
based study among older breast cancer patients”. Cancer 124 
(2018): 899-906.

16.	 van Hagen P., et al. “CROSS Group. Preoperative chemoradio-
therapy for esophageal or junctional cancer”. The New England 
Journal of Medicine 366 (2012): 2074-2084.

17.	 Ndagi U., et al. “Metal complexes in cancer therapy - an update 
from drug design perspective”. Drug Design, Development and 
Therapy 11 (2017): 599-616. 

18.	 Fraguas-Sánchez AI and Torres-Suárez AI. “Medical use of can-
nabinoids”. Drugs 78 (2018): 1665-1703.

19.	 Rosenberg SA., et al. “A progress report on the treatment of 157 
patients with advanced cancer using lymphokine-activated 
killer cells and interleukin-2 or high-dose interleukin-2 alone”. 
The New England Journal of Medicine 316 (1987): 889-897.

20.	 Kataoka M., et al. “Structural characterization of the molten 
globule of α-lactalbumin by solution X-ray scattering”. Protein 
Science 6 (1997): 422-430.

21.	 Permyakov EA. “Alpha-lactalbumin, amazing calcium-binding 
protein”. Biomolecules 10 (2020): 1210-1260.

22.	 Hakansson A., et al. “Apoptosis induced by a human milk pro-
tein”. Proceedings of the National Academy of Sciences of the 
United States of America 92 (1995): 8064-8068.

23.	 Ho JC., et al. “Svanborg, Targeting of nucleotide-binding pro-
teins by HAMLET-a conserved tumor cell death mechanism”. 
Oncogene 35 (2016): 897-907.

24.	 Storm P., et al. “A unifying mechanism for cancer cell death 
through ion channel activation by Hamlet”. PLoS One 8 (2013): 
e58578.

25.	 Pettersson J., et al. “Alpha-lactalbumin species variation, Ham-
let formation, and tumor cell death”. Biochemical and Biophysi-
cal Research Communications 345 (2006): 260-270.

26.	 Frislev HS., et al. “Liprotides kill cancer cells by disrupting the 
plasma membrane”. Scientific Reports 7 (2017): 15129. 

27.	 Frislev HS., et al. “Liprotides made of alpha-LA and cis fatty ac-
ids form core-shell and multi-layer structures with a common 
membrane-targeting mechanism”. Biochimica et Biophysica 
Acta 1864 (2016): 847-859.

28.	 Hakansson A., et al. “Multimeric alpha-lactalbumin from hu-
man milk induces apoptosis through a direct effect on cell nu-
clei”. Experimental Cell Research 246 (1999): 451-460.

Citation: Gloria G Guerrero M., et al. “Prophylactic Effect in the Gut Microbiota After Oral Administration of HAMLET: Results of a Case Control Study". 
Acta Scientific Microbiology 7.5 (2024): 12-26.

https://pubmed.ncbi.nlm.nih.gov/20513427/
https://pubmed.ncbi.nlm.nih.gov/20513427/
https://pubmed.ncbi.nlm.nih.gov/20513427/
https://pubmed.ncbi.nlm.nih.gov/25154903/
https://pubmed.ncbi.nlm.nih.gov/25154903/
https://pubmed.ncbi.nlm.nih.gov/25154903/
https://pubmed.ncbi.nlm.nih.gov/22360993/
https://pubmed.ncbi.nlm.nih.gov/22360993/
https://pubmed.ncbi.nlm.nih.gov/22360993/
https://pubmed.ncbi.nlm.nih.gov/18974103/
https://pubmed.ncbi.nlm.nih.gov/18974103/
https://onlinelibrary.wiley.com/doi/abs/10.1002/ijc.33203
https://onlinelibrary.wiley.com/doi/abs/10.1002/ijc.33203
https://onlinelibrary.wiley.com/doi/abs/10.1002/ijc.33203
https://onlinelibrary.wiley.com/doi/abs/10.1002/ijc.33203
https://pubmed.ncbi.nlm.nih.gov/15630416/
https://pubmed.ncbi.nlm.nih.gov/15630416/
https://www.mdpi.com/2072-6694/14/10/2450
https://www.mdpi.com/2072-6694/14/10/2450
https://www.mdpi.com/2072-6694/14/10/2450
https://www.frontiersin.org/articles/10.3389/fcell.2020.00261/full
https://www.frontiersin.org/articles/10.3389/fcell.2020.00261/full
https://www.frontiersin.org/articles/10.3389/fcell.2020.00261/full
https://www.mdpi.com/2072-6694/3/4/3856
https://www.mdpi.com/2072-6694/3/4/3856
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.1002/cncr.31144
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.1002/cncr.31144
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.1002/cncr.31144
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.1002/cncr.31144
https://pubmed.ncbi.nlm.nih.gov/22646630/
https://pubmed.ncbi.nlm.nih.gov/22646630/
https://pubmed.ncbi.nlm.nih.gov/22646630/
https://pubmed.ncbi.nlm.nih.gov/22646630/
https://pubmed.ncbi.nlm.nih.gov/22646630/
https://pubmed.ncbi.nlm.nih.gov/22646630/
https://pubmed.ncbi.nlm.nih.gov/30374797/
https://pubmed.ncbi.nlm.nih.gov/30374797/
https://pubmed.ncbi.nlm.nih.gov/3493432/
https://pubmed.ncbi.nlm.nih.gov/3493432/
https://pubmed.ncbi.nlm.nih.gov/3493432/
https://pubmed.ncbi.nlm.nih.gov/3493432/
https://onlinelibrary.wiley.com/doi/abs/10.1002/pro.5560060219
https://onlinelibrary.wiley.com/doi/abs/10.1002/pro.5560060219
https://onlinelibrary.wiley.com/doi/abs/10.1002/pro.5560060219
https://www.mdpi.com/2218-273X/13/7/1099
https://www.mdpi.com/2218-273X/13/7/1099
https://pubmed.ncbi.nlm.nih.gov/7644538/
https://pubmed.ncbi.nlm.nih.gov/7644538/
https://pubmed.ncbi.nlm.nih.gov/7644538/
https://pubmed.ncbi.nlm.nih.gov/26028028/
https://pubmed.ncbi.nlm.nih.gov/26028028/
https://pubmed.ncbi.nlm.nih.gov/26028028/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0058578
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0058578
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0058578
https://pubmed.ncbi.nlm.nih.gov/16678133/
https://pubmed.ncbi.nlm.nih.gov/16678133/
https://pubmed.ncbi.nlm.nih.gov/16678133/
https://www.nature.com/articles/s41598-017-15003-6
https://www.nature.com/articles/s41598-017-15003-6
https://www.sciencedirect.com/science/article/abs/pii/S1570963916300723
https://www.sciencedirect.com/science/article/abs/pii/S1570963916300723
https://www.sciencedirect.com/science/article/abs/pii/S1570963916300723
https://www.sciencedirect.com/science/article/abs/pii/S1570963916300723
https://pubmed.ncbi.nlm.nih.gov/9925761/
https://pubmed.ncbi.nlm.nih.gov/9925761/
https://pubmed.ncbi.nlm.nih.gov/9925761/


25

Prophylactic Effect in the Gut Microbiota After Oral Administration of HAMLET: Results of a Case Control Study

29.	 Kohler C., et al. “Protease activation in apoptosis induced by 
MAL”. Experimental Cell Research 249 (1999): 260-268.v 

30.	 Nakamura T., et al. “Molecular mechanisms of the cytotoxic-
ity of human alpha-lactalbumin made lethal to tumor cells 
(HAMLET) and other protein-oleic acid complexes”. Journal of 
Biological Chemistry 288 (2013): 14408-14416.

31.	 Mossberg AK., et al. “Structure and function of human alpha-
lactalbumin made lethal to tumor cells (HAMLET)-type com-
plexes”. FEBS Journal 277 (2010): 4614-4625.

32.	 Min S., et al. “Alternatively folded proteins with unexpected 
beneficial functions”. Biochemical Society Transactions 40 
(2012): 746-751.

33.	 Fontana A., et al. “The biological activities of protein/oleic acid 
complexes reside in the fatty acid”. Biochimica et Biophysica 
Acta 1834 (2013): 1125-1143.

34.	 Ho JCS., et al. “HAMLET: Functional properties and therapeu-
tic potential”. Future Oncology 8 (2012): 1301-1313.

35.	 Ho JCS., et al. “HAMLET-A protein-lipid complex with broad 
tumoricidal activity”. Biochemical and Biophysical Research 
Communications 482 (2017): 454-458.

36.	 Brinkmann CR., et al. “Protein-fatty acid complexes: Biochem-
istry, biophysics and function”. FEBS Journal 280 (2013): 
1733-1749.

37.	 Lerksuthirat T., et al. “ALA-A2 Is a Novel Anticancer Peptide 
Inspired by Alpha-Lactalbumin: A Discovery from a Compu-
tational Peptide Library, In Silico Anticancer Peptide Screen-
ing and In Vitro Experimental Validation”. Global Challenges 7 
(2023): 2200213.

38.	 Brisuda A., et al. “Bladder cancer therapy using a conforma-
tionally fluid tumoricidal peptide complex”. Nature Communi-
cations 12 (2021): 3427-3443.

39.	 Pedroza MSH and Lyavoo S. “Exploring the gut microbiota: 
lifestyle choices, disease associations, and personal genom-
ics”. Frontiers in Nutrition 10 (2023): 1225120.

40.	 Ley RE., et al. “Ecological and evolutionary forces shaping 
microbial diversity in the human intestine”. Cells 124 (2006): 
837-848. 

41.	 Jandhyala SM., et al. “Role of the normal gut microbiota”. World 
Journal of Gastroenterology 21 (2015): 8787-803.

42.	 Rinninella E., et al. “What is the healthy gut microbiota com-
position? A changing ecosystem across age, environment, diet, 
and diseases”. Microorganisms 7 (2019): 14. 

43.	 LeBlanc JG., et al. “Bacteria as vitamin suppliers to their host: a 
gut microbiota perspective”. Current Opinion in Biotechnology 
24 (2013): 160-168.

44.	 Hills RD., et al. “Gut microbiome: profound implications for 
diet and disease”. Nutrients 11 (2019): 1613.

45.	 Galland L. “The gut microbiome and the brain”. Journal of Me-
dicinal Food 17 (2014): 1261-1272.

46.	 Liu J., et al. “Functions of gut microbiota metabolites, current 
status and future perspectives”. Aging and Disease 13 (2022): 
1106-1126.

47.	 Makki K., et al. “The impact of dietary fiber on gut microbiota 
in host health and disease”. Cell Host Microbe 23 (2018): 705-
715.

48.	 Ridlon JM., et al. “Bile acids and the gut microbiome”. Current 
Opinion in Gastroenterology 30 (2014): 332-338.

49.	 Pellegrini A. “Antimicrobial peptides from food proteins”. Cur-
rent Pharmaceutical Design 9 (2003): 1225-1238.

50.	 Sipola M., et al. “Nurminen ML.alpha-Lactorphin and _-lactor-
phin improve arterial function in spontaneously hypertensive 
rats”. Life Sciences 71 (2002): 1245-1253.

51.	 Kanda Y., et al. “Growth-active peptides are produced from al-
pha-lactalbumin and lysozyme”. Life Sciences 81 (2007): 449-
457.

52.	 Clare DA., et al. “Biodefense properties of milk: The role of 
antimicrobial proteins and peptides”. Current Pharmaceutical 
Design 9 (2003): 1239-1255.

53.	 Yamaguchi M., et al. “Novel functions of bovine milk-derived 
alpha-lactalbumin: Anti-nociceptive and anti-inflammatory 
activity caused by inhibiting cyclooxygenase-2 and phospho-
lipase A2”. Biological and Pharmaceutical Bulletin 32 (2009): 
366-371. 

Citation: Gloria G Guerrero M., et al. “Prophylactic Effect in the Gut Microbiota After Oral Administration of HAMLET: Results of a Case Control Study". 
Acta Scientific Microbiology 7.5 (2024): 12-26.

https://pubmed.ncbi.nlm.nih.gov/10366425/
https://pubmed.ncbi.nlm.nih.gov/10366425/
https://pubmed.ncbi.nlm.nih.gov/23580643/
https://pubmed.ncbi.nlm.nih.gov/23580643/
https://pubmed.ncbi.nlm.nih.gov/23580643/
https://pubmed.ncbi.nlm.nih.gov/23580643/
https://pubmed.ncbi.nlm.nih.gov/20977665/
https://pubmed.ncbi.nlm.nih.gov/20977665/
https://pubmed.ncbi.nlm.nih.gov/20977665/
https://www.research.ed.ac.uk/en/publications/alternatively-folded-proteins-with-unexpected-beneficial-function
https://www.research.ed.ac.uk/en/publications/alternatively-folded-proteins-with-unexpected-beneficial-function
https://www.research.ed.ac.uk/en/publications/alternatively-folded-proteins-with-unexpected-beneficial-function
https://pubmed.ncbi.nlm.nih.gov/23499846/
https://pubmed.ncbi.nlm.nih.gov/23499846/
https://pubmed.ncbi.nlm.nih.gov/23499846/
https://pubmed.ncbi.nlm.nih.gov/23130929/
https://pubmed.ncbi.nlm.nih.gov/23130929/
https://febs.onlinelibrary.wiley.com/doi/full/10.1111/febs.12204
https://febs.onlinelibrary.wiley.com/doi/full/10.1111/febs.12204
https://febs.onlinelibrary.wiley.com/doi/full/10.1111/febs.12204
https://onlinelibrary.wiley.com/doi/full/10.1002/gch2.202200213
https://onlinelibrary.wiley.com/doi/full/10.1002/gch2.202200213
https://onlinelibrary.wiley.com/doi/full/10.1002/gch2.202200213
https://onlinelibrary.wiley.com/doi/full/10.1002/gch2.202200213
https://onlinelibrary.wiley.com/doi/full/10.1002/gch2.202200213
https://www.nature.com/articles/s41467-021-23748-y
https://www.nature.com/articles/s41467-021-23748-y
https://www.nature.com/articles/s41467-021-23748-y
https://www.frontiersin.org/articles/10.3389/fnut.2023.1225120/full
https://www.frontiersin.org/articles/10.3389/fnut.2023.1225120/full
https://www.frontiersin.org/articles/10.3389/fnut.2023.1225120/full
https://pubmed.ncbi.nlm.nih.gov/16497592/
https://pubmed.ncbi.nlm.nih.gov/16497592/
https://pubmed.ncbi.nlm.nih.gov/16497592/
https://pubmed.ncbi.nlm.nih.gov/26269668/
https://pubmed.ncbi.nlm.nih.gov/26269668/
https://www.mdpi.com/2076-2607/7/1/14
https://www.mdpi.com/2076-2607/7/1/14
https://www.mdpi.com/2076-2607/7/1/14
https://pubmed.ncbi.nlm.nih.gov/22940212/
https://pubmed.ncbi.nlm.nih.gov/22940212/
https://pubmed.ncbi.nlm.nih.gov/22940212/
https://www.mdpi.com/2072-6643/11/7/1613
https://www.mdpi.com/2072-6643/11/7/1613
https://pubmed.ncbi.nlm.nih.gov/25402818/
https://pubmed.ncbi.nlm.nih.gov/25402818/
https://pubmed.ncbi.nlm.nih.gov/35855347/
https://pubmed.ncbi.nlm.nih.gov/35855347/
https://pubmed.ncbi.nlm.nih.gov/35855347/
https://pubmed.ncbi.nlm.nih.gov/29902436/
https://pubmed.ncbi.nlm.nih.gov/29902436/
https://pubmed.ncbi.nlm.nih.gov/29902436/
https://pubmed.ncbi.nlm.nih.gov/24625896/
https://pubmed.ncbi.nlm.nih.gov/24625896/
https://pubmed.ncbi.nlm.nih.gov/12769733/
https://pubmed.ncbi.nlm.nih.gov/12769733/
https://pubmed.ncbi.nlm.nih.gov/12106590/
https://pubmed.ncbi.nlm.nih.gov/12106590/
https://pubmed.ncbi.nlm.nih.gov/12106590/
https://pubmed.ncbi.nlm.nih.gov/17659306/
https://pubmed.ncbi.nlm.nih.gov/17659306/
https://pubmed.ncbi.nlm.nih.gov/17659306/
https://pubmed.ncbi.nlm.nih.gov/12769734/
https://pubmed.ncbi.nlm.nih.gov/12769734/
https://pubmed.ncbi.nlm.nih.gov/12769734/
https://pubmed.ncbi.nlm.nih.gov/19252279/
https://pubmed.ncbi.nlm.nih.gov/19252279/
https://pubmed.ncbi.nlm.nih.gov/19252279/
https://pubmed.ncbi.nlm.nih.gov/19252279/
https://pubmed.ncbi.nlm.nih.gov/19252279/


26

Prophylactic Effect in the Gut Microbiota After Oral Administration of HAMLET: Results of a Case Control Study

54.	 Fukawa A., et al. “Dietary alpha-lactalbumin protects against 
thioacetamide-induced liver cirrhosis by maintaining gut-
liver axis function in rats”. Bioscience, Biotechnology, and Bio-
chemistry 84 (2020): 171-177.

55.	 Lin IC., et al. “Induction of cell death in RAW 264.7 cells by 
_-lactalbumin”. Food and Chemical Toxicology 46 (2008): 842-
853.

56.	 Xu M., et al. “IEC-6 intestinal cell death induced by bovine mil-
kalpha-lactalbumin”. Bioscience, Biotechnology, and Biochem-
istry 69 (2005): 1082-1089. 

57.	 Yarramala DS., et al. “Cytotoxicity of apo bovine alpha-lactal-
bumin complexed with La”. Scientific Reports 9 (2019): 1780. 

58.	 Zhang M., et al. “Cytotoxic aggregates of alpha lactalbumin 
induced by unsaturated fatty acid induce apoptosis in tumor 
cells”. Chemico-Biological Interactions 180 (2009): 131-142.

59.	 Brest P., et al. “Histone deacetylase inhibitors promote the 
tumoricidal effect of HAMLET”. Cancer Research 67 (2007): 
11327-11334.

60.	 El Karim IA., et al. “Antimicrobial activity of neuropeptides 
against a range of micro-organisms from skin, oral, respira-
tory and gastrointestinal tract sites”. Journal of Neuroimmu-
nology 200 (2008): 11-16.

61.	 Panduro A., et al. “Genes, emotions and gut microbiota: the 
next frontier for the gastroenterologist”. World Journal of Gas-
troenterology 23 (2017): 3030-3042.

62.	 Neufeld KM., et al. “Effects of intestinal microbiota on anxi-
ety-like behavior”. Communicative and Integrative Biology 4 
(2011): 492-494.

63.	 Carabotti M., et al. “The gut-brain axis: interaction between 
enteric microbiota, central and enteric nervous systems”. An-
nals of Gastroenterology 28 (2015): 203-209.

64.	 Stilling RM., et al. “Microbial genes, brain & behaviour - epi-
genetic regulation of the gut-brain axis”. Genes, Brain and Be-
havior 13 (2014): 69-86.

65.	 O’Riordan KJ., et al. “Short chain fatty acids: microbial me-
tabolites for gut-brain axis signalling”. Molecular and Cellular 
Endocrinology 546 (2022): 111572. 

Citation: Gloria G Guerrero M., et al. “Prophylactic Effect in the Gut Microbiota After Oral Administration of HAMLET: Results of a Case Control Study". 
Acta Scientific Microbiology 7.5 (2024): 12-26.

https://academic.oup.com/bbb/article/84/1/171/5937614
https://academic.oup.com/bbb/article/84/1/171/5937614
https://academic.oup.com/bbb/article/84/1/171/5937614
https://academic.oup.com/bbb/article/84/1/171/5937614
file:///C:/Users/SnehaReddy/OneDrive%20-%20Acta%20Scientific%20Publications%20Private%20Limited/Desktop/07-02-2022/Acta%20PDF%2001-06-2023/ASMI/ASMI-24-RA-051/1.%09doi:%2010.1016/j.fct.2007.10.010.
file:///C:/Users/SnehaReddy/OneDrive%20-%20Acta%20Scientific%20Publications%20Private%20Limited/Desktop/07-02-2022/Acta%20PDF%2001-06-2023/ASMI/ASMI-24-RA-051/1.%09doi:%2010.1016/j.fct.2007.10.010.
file:///C:/Users/SnehaReddy/OneDrive%20-%20Acta%20Scientific%20Publications%20Private%20Limited/Desktop/07-02-2022/Acta%20PDF%2001-06-2023/ASMI/ASMI-24-RA-051/1.%09doi:%2010.1016/j.fct.2007.10.010.
https://academic.oup.com/bbb/article/69/6/1082/5953507
https://academic.oup.com/bbb/article/69/6/1082/5953507
https://academic.oup.com/bbb/article/69/6/1082/5953507
https://www.nature.com/articles/s41598-018-38024-1
https://www.nature.com/articles/s41598-018-38024-1
https://pubmed.ncbi.nlm.nih.gov/19497410/
https://pubmed.ncbi.nlm.nih.gov/19497410/
https://pubmed.ncbi.nlm.nih.gov/19497410/
https://pubmed.ncbi.nlm.nih.gov/18056459/
https://pubmed.ncbi.nlm.nih.gov/18056459/
https://pubmed.ncbi.nlm.nih.gov/18056459/
https://pubmed.ncbi.nlm.nih.gov/18603306/
https://pubmed.ncbi.nlm.nih.gov/18603306/
https://pubmed.ncbi.nlm.nih.gov/18603306/
https://pubmed.ncbi.nlm.nih.gov/18603306/
https://pubmed.ncbi.nlm.nih.gov/28533660/
https://pubmed.ncbi.nlm.nih.gov/28533660/
https://pubmed.ncbi.nlm.nih.gov/28533660/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3181531/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3181531/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3181531/
https://pubmed.ncbi.nlm.nih.gov/24286462/
https://pubmed.ncbi.nlm.nih.gov/24286462/
https://pubmed.ncbi.nlm.nih.gov/24286462/
https://pubmed.ncbi.nlm.nih.gov/35066114/
https://pubmed.ncbi.nlm.nih.gov/35066114/
https://pubmed.ncbi.nlm.nih.gov/35066114/

