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Loss: Activity of Physiological Modulators
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Abstract

Background: Heavy menstrual bleeding can lead to iron-deficiency 
anemia. The objective was to ascertain whether daily administration 
of a formula containing iron, essential amino acids, ascorbic acid and 
B-group vitamins for 28 days will increase hemoglobin levels by 0.5 
g/dL and reduce menstrual bleeding. The formula (F) was conceived 
according to the physiological modulation concept to increase Hb lev-
els and protect Hb from oxidation.

Methods: This is a single blind, placebo-controlled clinical trial on 
26 anemic women (Hb < 12 g/dL) with heavy menstruation. Hemo-
globin, iron balance, cell count and menstrual bleeding were meas-
ured after treatment with placebo and F.

Results: A much higher quantity of Hb was generated by treatment 
with F than expected (2.6 g/dL instead of 0.5 g/dL). The iron-related 
variables (iron, ferritin and transferrin), cell count (erythrocytes and 
platelets) and erythrocyte characteristics (mean corpuscular volume 
(MCV) and mean corpuscular hemoglobin (MCH)) improved. Men-
strual blood flow decreased significantly.

Conclusion: There is no clear explanation of the results unless the F stim-
ulates the mobilization of a “hidden” iron reserve, not detectable by ferri-
tin levels, and triggers Hb synthesis and a decrease in menstrual bleeding.
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Introduction

Heavy menstrual bleeding is a common problem among 

women of reproductive age, which has been reported in some 
national surveys [1-3] as affecting between 13% and 19% of 
women.

Heavy bleeding during menstruation is accompanied by 
other symptoms, particularly iron-deficiency anemia and pain 
that interferes greatly with daily life and leads to a substantial 
economic burden [2].

Median blood loss is estimated to be about 30 mL [4] and 
the 75th, 90th and 95th percentile values are 52.4, 83.9 and 
118.0 mL respectively. Values > 80 mL are usually considered 
as heavy bleeding or menorrhagia.

Excessive bleeding causes a decrease in iron stores in the 
body, and a negative iron balance is slowly induced, followed 
by insufficient iron supply to erythrocyte precursors. The final 
result is a decrease in Hb concentration.

An Hb concentration < 12 g/dL is considered the lowest 
normal value in women. Before the Hb decrease becomes evi-
dent, it is possible to measure the iron stores through ferritin 
levels and values between 12 and 15 ng/mL indicate iron store 
deficiency.

The data in the literature [4] indicate that the physiological 
iron requirements of adult women consist of the replacement 
of the iron contained in cells lost from the exterior and interior 
surfaces of the body (14 μg/day/kg ± 15%) plus the iron lost 
through menstruation. The total daily iron requirements for the 
95th percentile correspond to 2.84 mg/day. Higher values are 
calculated for teenagers: up to 3.21 mg/day.

These data are calculated considering a mean menstrual 
interval of 28 days and an Hb iron quantity of 3.34 g (our cal-
culation of hemoglobin iron content is 3.64 g, as we will ex-
plain below).

Some authors give figures for iron loss during menstrual 
bleeding of between 4 and 37 mg/period [5]. The highest value 
is consistent with the 90th percentile of the previous author [4].

Other authors calculate the loss of iron during menstrual 
bleeding as 2.32 mg/day [6] on average, and one author came 
up with different figures a few years earlier [7].

The differences between the figures are not surprising since 
median menstrual iron excretion is highly skewed. One rea-
son is that there are several single-nucleotide polymorphisms 
(SNPs), which may have different effects on serum transferrin 
levels, degree of saturation and number of transferrin receptors 
for a given population [8]. Some polymorphisms have been 
described as being the cause of iron-deficiency anemia [9].

Manuscript accepted for publication June 29, 2015

aLoyola University School of Medicine, Chicago, IL, USA
bPiazza Novelli, 5 20129 Milan, Italy
cIrvin Labs Spoltore, University of Chieti, Italy
dCorresponding Author: Umberto Cornelli, Department of Molecular Pharma-
cology and Therapeutics, Loyola University School of Medicine, Chicago, IL, 
USA. Email: umbertocornelli@cornelliconsulting.it

doi: http://dx.doi.org/10.14740/jh215w



Articles © The authors   |   Journal compilation © J Hematol and Elmer Press Inc™   |   www.jh.elmerpress.com 165

Cornelli et al J Hematol. 2015;4(2):164-170

The iron needed to balance the loss can derive from food 
and/or from supplements, and may have different degrees of 
absorption.

The iron bioavailability in normal subjects following a 
western diet is 15% of intake on average (ranging from 14% to 
17%). Therefore the diet should contain 18 mg of iron/day [3]. 
Different figures have been proposed by the FAO/WHO [10], 
ranging between 5% and 15%, according to the diets of differ-
ent countries, such as Latin America, where values between 
7.5% and 13.4% have been estimated on the basis of radio-iron 
absorption [11]. The impact of menstrual blood flow and diet 
on iron deficiency in women has been determined by many 
authors [12-14] and usually dietary iron intake is considered 
insufficient to prevent anemia.

Some authors have studied iron bioavailability in women 
according to diet [15, 16].

Differences of about six- to eight-fold have been measured 
between high iron-bioavailability diets (e.g. high vitamin C, 
low phytate, low calcium, rich in meat) and low iron-availa-
bility diets (e.g. low vitamin C, high phytate, high calcium, no 
meat) for periods of 12 weeks in the same women. Differences 
in iron absorption between lactoovo vegetarian and non-vege-
tarian diets given to the same women have also been shown [7].

Iron absorption increases when the iron reserve is deplet-
ed, as in anemia. Women with the lowest iron stores, even with 
normal Hb concentrations, absorb 30-35% of total dietary iron, 
whereas women with the highest iron stores absorb only 3% 
from the same high-bioavailability iron diet [6].

The treatment of anemia owing to menstrual bleeding is 
based on iron supplementation at variable dosages, ranging 
from 14 mg/day [17] to 60 mg/week or 60 mg/day only during 
menstruation [18].

Although the WHO recommends that all women of child-
bearing age take 120 mg iron pills once a week as prevention 
[19], for some authors the rule of thumb in the treatment of 
subjects who already have anemia is to administer 500 - 800 
mg of iron for 4 weeks. This dose increases Hb by 2 - 3 g/dL 
and further replenishes iron stores. Some authors recommend 
continuation of this regimen for several additional months 
[20].

Our belief is that the amount of iron commonly used to 
treat anemia is too high and an appropriate combination of 
iron/amino acids/vitamins should be used.

The aim of this trial was to treat anemia in women with 
heavy menstrual bleeding using the physiological modulator 
concepts [21]. This consists of administering a combination of 
natural (physiological) compounds capable of regulating bio-
logical functions (modulation), in the smallest amount needed 
[22, 23].

In practice, a new formula (F) was prepared using the fol-
lowing components: iron, the essential amino acids contained 
in Hb, ascorbic acid and B-group vitamins (B1, B2, B3, B6, 
B9 and B12). The iron dosage of essential amino acids was 
calculated to cover, theoretically, the synthesis of 20 g of Hb 
in a period of 28 days and lead to an expected 0.5 g/dL total 
increase in Hb. B-group vitamins were added to improve Hb 
synthesis and protect it from oxidation. The relevant dosages 
were tentatively fixed between 20% and 35% of the nutrient 
reference value (NRV).

Material and Methods

Quantity of essential amino acids and iron in Hb

A theoretical production of 20 g of Hb in 28 days corresponds 
to about 5 mL of blood with an Hb concentration of 14 g/dL. The 
total amount of iron contained in 20 g of Hb was calculated consid-
ering MWs of 223.4 D (4 atoms of iron) and 64,500 D for Hb. In 
other words, iron accounts for 0.3463% of the MW of Hb. Our ref-
erence values for 5 mL of blood were 0.71 g Hb and 2.5 mg of iron.

The essential amino acid content in 0.71 g of Hb [24, 25] 
is shown in Table 1.

The total amount of iron is very close to the daily loss, ac-
cording to the data reported in the literature [4, 6, 7].

Trial/subjects

Twenty-six women aged between 25 and 45 years and with 22 
< BMI < 25 (kg/m2) were admitted to our single blind placebo-
controlled trial. The main variables considered were the Hb 
concentration and the menstrual blood flow. Only women with 
very abundant or excessive menstrual bleeding and Hb levels 
between 8 and 12 g/dL were admitted (see below). Most of the 
women were nurse (21/26). Three menstrual periods were con-
sidered, the first and the second for enrolment and assessment 
of baseline variables, and the third to determine the product’s 
activity. During the second cycle, a placebo was given to the 
women, which could not be distinguished from the F (Table 2).

Exclusion criteria

Menstrual flow with different scores during the pre-selection 
period was shown below. Any treatment for anemia was con-
sidered as exclusion criteria, as well as any type of gastric, 
neurological, or psychiatric disease and any type of cancer. 
Concomitant diseases such as hypertension, dyslipidemia, and 
diabetes type II were not considered exclusion criteria, pro-
vided the corresponding treatment had been stable for at least 

Table 1.  Quantity of Essential Amino Acids and Iron in Hb

Essential amino 
acid and iron % in Hb Quantity (mg) 

in 0.71 g Hb
Histidine 7.1 51
Leucine 12.8 91
Lysine 8.2 58
Methionine 1.4 10
Phenylalanine 5.5 39
Threonine 6.4 45
Tryptophan 1.4 10
Valine 12.3 87
Fe 0.346 2.5
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2 months and did not change during the entire trial.

Product preparation

The dose of iron and essential amino acids was calculated to 
replace 2.5 mg of iron/day and cover the synthesis of 20 g of 
Hb in a period of 28 days, which was to lead to a total Hb in-
crease of 0.5 g/dL.

The amount of iron and essential amino acids contained in 
a dry sachet (to be administered once day) corresponded to the 
quantity of Hb lost with 5 mL of blood with an Hb concentra-
tion of 14 g/dL. Ascorbic acid was included in the F in a 2:1 
molar proportion to improve iron absorption [26].

The dosages of B-group vitamins were tentatively calcu-
lated between 20% and 30% of the NRV (EFSA UE document 
1169/2011) in the belief that low dosages are more efficiently 
absorbed than high dosages [27].

According to the physiological modulators theory, the 
amount of each component contained in any F should be with-
in the RDA range.

The F did not contain any calcium, magnesium or phos-
phate salts which may inhibit iron absorption. Furthermore, 
the lysine and histidine contained in the F also improve the 
iron bioavailability [28]. The composition is shown in Table 3.

Products administration

The placebo and F on trial were identical in taste and appear-
ance (dry sachets).

The treatment with placebo (gum arabic with the same fla-
voring as in the product) started after the first menstrual bleed-
ing and continued for 28 days in the form of dry sachets to be 
taken diluted with half a glass of water in the evening imme-
diately before going to bed, and at least 2 h after the evening 
meal.

Treatment with F started immediately after the second cy-
cle and followed the same modalities as for placebo.

The time of administrations was important and precise 
written instructions were given to avoid interference with the 
foods, and to take advantage of the peak of gastric acidity dur-
ing the night which allows a better iron absorption.

Each subject was given three boxes of 10 dry sachets of 
each product (placebo and F) and recommendation to maintain 
usual diet and physical activity. There was no limitation in the 
use of tea or coffee. Compliance was measured by counting of 
the remaining sachets at the final assessment.

Sampling and variables

Fifteen milliliter blood samples were taken by venipuncture 
twice: after placebo (baseline) and after treatment with F. The 
samples were divided into three test tubes (one for serum isola-
tion). The following variables were considered: Hb concentra-
tion (mg/dL), Ht (%) erythrocytes count (106), reticulocytes 
count (%), platelets count, ferritin (ng/mL), transferrin (mg/
dL), mean corpuscular volume (MCV) in fL, mean corpuscu-
lar hemoglobin (MCH) in pg, and Fe serum levels (μg/dL). 
Venous Hb and complete blood count were analyzed using an 
automated instrument (Cell-Dyn 4000 Abbott Laboratories). 
Serum iron was determined with a chemistry analyzer (LX 20 
Beckman-Coulter) as were ferritin and transferrin (Immunolite 
2500, Diagnostics Product Corporation).

Menstrual blood flow

The methods used to measure menstrual bleeding were based 

Table 2.  Timetable of the Single Blind Trial Conducted on Anemic Women With Very Abundant/Excessive 
Menstrual Flow

Menstrual cycle Treatments Measures
First No Flow
Second Placebo Flow Cell count Hb Iron variables
Third Formula Flow Cell count Hb Iron variables

Table 3.  Physiological Modulators Content in the Formula (F)

Product mg
Histidine 51
Leucine 91
Lysine 58
Methionine 10
Phenylalanine 39
Threonine 45
Tryptophan 10
Valine 87
Fea 2.5
Ascorbic acid 15
Vit B1b 0.35
Vit B2b 0.40
Nicotinamideb 4.5
Vit B6b 0.5
Folic acidb 0.05
Vit B12b 0.0005

aGiven as 21.6 mg of iron gluconate dehydrate. bCorresponding be-
tween 20% and 35% of NRV (nutritional reference value) by the Euro-
pean Food Safety Agency.
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on two variables that were measured using a score. The first 
variable was the menstrual bleeding which was scored from 1 
to 5 based on the number of tampons and/or pads as follows: 1 
= normal (< 22 tampons/pads); 2 = abundant (23 - 29 tampons/
pads); 3 = high (30 - 35 tampons/pads); 5 = very high (> 35 
tampons/pads) causing social/working problems.

The second variable was the duration of the menstruation 
which was scored from 1 to 3, where 1 means < 2 days, 2 
means 3 days, and 3 means > 4 days. The total score was the 
sum of the two scores that could be from 2 to 8.

Statistical analysis

Hb was considered as a primary variable. Twenty is a sufficient 
number to obtain a power 90% with an α value of 0.05 and 
1-β of 90 comparing two sets of interdependent data (Dun-
nett). Average values and SD were calculated for all data. The 
coefficient of correlations “r” between all the variables were 
calculated before and after the treatment taking α of 0.01 as 
limit of significance.

Results

All the women completed the study and there was no com-
plaint of side effect.

The data are shown in Table 4.
The differences between the data recorded after the treat-

ment with placebo and F are statistically significant (Dunnett) 
for all the variables. The cell count was improved for both 
erythrocytes and platelets.

Ht, MCV and MCH increased significantly but the aver-
ages were in the range of the normality even before the treat-
ment. Reticulocytes % was very low during the placebo treat-
ment and improved after F. The reticulocytes production index 

(RPI) was > 2 in one case with placebo. After F, this number 
increased to 6. Ferritin levels improved, indicating an increase 
of iron reserve for most of the women after the treatment with 
F.

Transferrin and serum iron levels increased of about 10% 
and 30% respectively. The menstrual bleeding reduction was 
also very consistent and was present in about 77% of the wom-
en. An inverse correlation (“r”) was found between the Hb data 
following placebo and the same data after F (-0.618; P < 0.01) 
with a more substantial effect in the women with the lowest 
Hb level.

No correlation was found after placebo and after F for the 
remaining variables with the exception of reticulocytes. The 
reticulocytes count before and after treatment showed a direct 
correlation (0.796; P < 0.01). As regards the RPI, it seems that 
F improves the bone marrow reaction.

Discussion

One limitation of the trial is the lack of control over iron, vita-
min B and essential amino acid intake with the diet. Another 
limitation is the semi-quantitative measurement of the men-
strual blood flow which can give only partial indications. Apart 
from these limitations, the results of the trial are very interest-
ing and raise some important questions.

The subjects were asked to do not alter the quantity and 
type of foods, but we have no knowledge about their compli-
ance. The only precise values were the intake of amino acids 
and iron needed to increase Hb by 0.5 g/dL in 28 days.

The total quantities were 70 mg of iron and 1.61 g of ly-
sine, 1.39 g of histidine, 1.26 g of threonine, 2.42 g of valine, 
0.28 g of methionine, 2.51 g of leucine, 1.08 g of phenylala-
nine and 0.27 g of tryptophan, respectively.

The data we observed after treatment with F were very 
surprising, since the improvement in Hb from 10.2 g/dL to 

Table 4.  List of the Variables Measured After 28 Days of Treatment With Placebo and After Treatment 
With F: average values ± SD

Variable Measure After placebo After F Dunnett
Age Years 34.9 ± 4.20
Body weight kg 53.8 ± 3.16
Hb g/dL 10.2 ± 1.29 12.6 ± 0.66 P < 0.01
Ht % 35.8 ± 3.05 39.8 ± 4.20 P < 0.01
Fe μg/dL 50 ± 8.9 65.3 ± 9.30 p < 0.01
Transferrin mg/dL 309 ± 33.0 338 ± 34.2 P < 0.01
Ferritin ng/mL 101 ± 22.0 124 ± 28.0 P < 0.01
RBC 106 3.96 ± 0.246 4.30 ± 2.73 P < 0.01
Reticulocytes % 1.3 ± 0.82 1.9 ± 0.65 P < 0.01
Platelets 103 126.7 ± 26.80 155.6 ± 26.82 P < 0.01
MCV fL 90 ± 8.6 93 ± 12.2 P < 0.01
MCH pg 26 ± 3.1 29 ± 2.7 P < 0.01
Menstrual flow Score 5.1 ± 1.31 3.1 ± 1.10 P < 0.01
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12.6 g/dL was much greater than expected.
The first finding to be considered is the increase in serum 

iron and transferrin that were obtained with a very low iron 
dosage. This is not surprising because iron absorption increas-
es dramatically when iron reserves are depleted [3] as was the 
case of the women treated with F.

Looking at the amount of iron in relation to Hb levels rises 
a question: the average increase in Hb (2.4 g/dL) is about five 
times the expected increase (0.5 g/dL) both for the adminis-
tered quantities of essential amino acids and iron.

Regarding the amino acids, the extra quantities might de-
rive from the plasma, which contains concentrations of essen-
tial amino acids [29, 30] that are more than enough to cover 
needs. Even though there are no data published on the amino 
acids content in anemic women, their expected concentrations 
are more than sufficient to afford the Hb synthesis increase 
measured.

Furthermore, the quantity of essential amino acids that 
was administered is unlikely to increase the plasma level to a 
great degree. Again in this case the amount was (as for iron), 
about one-fifth of the quantity necessary to cover the Hb in-
crease (two portions of any kind of meat can cover all the es-
sential amino acids needed).

However, the iron data need some other considerations. 
The quantity of iron needed for the observed average increase 
in Hb is 1,903 mg, whereas the average expected level, even 
considering 100% absorption of the 70 mg given during the 28 
days, was 1,573 mg. The difference is about 330 mg of iron; 
the question is “where does this high quantity of iron come 
from?” considering that this extra amount is equal to a theo-
retical complete iron reserve in a non-anemic women.

One hypothesis is that the F allows an iron reserve mobi-
lization that cannot be fully detected with the usual methods 
such as ferritin. This would mean that hemosiderin contained 
in liver, spleen and macrophages of anemic women is “hidden” 
and not re-converted from hemosiderin to ferritin and then into 
free iron of the cytoplasmic labile pool to be used for the heme 
synthesis.

The continuous exchange process between hemosiderin/
ferritin/labile iron pool flows in both directions and follows 
a density gradient [31]. The iron has to be used for the heme 
synthesis through a well coordinated mechanism. When Hb is 
needed the iron is mobilized by the stores (hemosiderin/ferri-
tin) and shuttles between cytoplasm and mitochondria, where 
the final steps of heme synthesis take place [32]. After heme 
synthesis, it is incorporated into α and β chains [33, 34].

However, there is a fundamental step for iron utilization: 
it has to be solubilized because the iron in the stores (ferritin/
hemosiderin) is in the form of ferrihydrite [5Fe2O3·9H2O]. In 
response to signals of iron deprivation, the cells move ferri-
tin into lysosomes for autophagy. Nanocrystals of ferrihydrite 
are made soluble in the lysosomes thanks to the reduction by 
ascorbate and glutathione [5].

This means that some reducing molecules are needed to 
mobilize the iron kept into the cellular stores.

In erythrocyte precursors, most of the reducing capacity is 
used to protect Hb from oxidation. The protection mechanism 
belongs to the pentose phosphate cycle, which regenerates glu-
tathione once it has lost its hydrogen to protect Hb [35]. The 

pentose phosphate cycle is regulated by some of the vitamin B 
group (B1) and allows NADH+ H+ (that needs vit B2 and B3 
for its synthesis) to transform the oxidized glutathione (GSSG) 
into reduced glutathione (GSH).

Furthermore all the vitamin B group is necessary for the 
hemoglobin synthesis.

The Hb synthesis seen in this trial seems to have no ex-
planation.

One possible hypothesis is that administering the F on an 
empty stomach (at least 2 h after the evening meal) means that 
it is not affected by the presence of the many food compo-
nents (e.g. lipids, carbohydrates, fiber, proteins, amino acids 
and minerals). In these “clean conditions”, the presence of iron 
and essential amino acids in the precise proportion contained 
in Hb could be interpreted by enterocytes as blood loss in the 
gut. This condition may stimulate the enterocytes to release 
factors (unknown) through the brain and/or the liver which aim 
to increase Hb synthesis. In other words, the F acts as a “trig-
ger” through a completely unknown mechanism.

Assuming this hypothesis is correct, what is important in 
the treatment of anemia is to maintain the ratio of iron to es-
sential amino acids.

The only experiment reported in literature describing the 
activity of a combination of iron and amino acids to treat ane-
mia was carried out in dogs made chronically anemic through 
phlebotomy [36].

Each iron/amino acid combination was studied separately. 
It is probable that these animals were completely iron deplet-
ed, and the iron remaining in the liver and other tissues appears 
to be essential to the cell life, and cannot be drawn upon to 
produce new Hb.

Most of the time the daily dosage of single amino acids 
was 1 g/day and the iron administered together with the amino 
acids was ranging between 5 to 40 mg/day. The ratio between 
amino acids and iron was from 2 to 30 times higher than in our 
trial. However, in few dogs treated with valine and methionine, 
the increase of Hb should have needed 3 - 4 times more iron 
than the quantity administered.

These data confirm that even in the controlled experimental 
anemia, the iron reserve behaves with unknown mechanisms, 
and amino acids administration may trigger some mechanism 
that improves the Hb synthesis.

In other words, the iron/amino acid ratio and kind of ami-
no acid seem to be important in improving Hb synthesis in 
iron-deficiency anemia.

The other quite unexpected finding was the decrease of 
menstrual blood flow. Despite a semi-quantitative assessment, 
most of the women were reporting a reduction of the flow 
(about 70% of the cases) and we do not think this finding can 
be fortuitous.

The increase in platelets count might be one of the causes 
of the decrease in menstrual bleeding, although it was not pos-
sible to calculate a proper correlation because of the different 
types of variables (parametric for platelets and non-parametric 
for bleeding). The increase in erythrocytes may have some 
effect and ascorbic acid may improve the microcirculation. 
However, again in this case, the finding has no a clear explana-
tion.

The number of reticulocytes improved following the treat-
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ment and the increase was more substantial in subjects with 
relatively higher percentages. One interpretation of this might 
be that the F was more substantial in women with relatively 
higher medullary reactivity. However, comparing the average 
reticulocytes data before and after the treatment, the differenc-
es are not very substantial (1.3 ± 0.82 vs. 1.9 ± 0.65).

The dose of vitamin B group was determined empirically 
between 20% and 30% of NRV. According to physiological 
modulation concepts, it is important to prevent daily dosages 
exceeding the RDA by much. It is safe to assume that the total 
daily quantity for most of the women was not exciding the 
RDA value, even with the supplements provided with the F, 
since overweight women (high intake of vitamins), or women 
suffering from gastrointestinal diseases (low intake of vita-
mins) were not admitted to the trial.

Conclusions

Anemic women with abundant menstrual bleeding can be 
treated daily with an F containing a limited amount of iron (2.5 
mg), ascorbic acid, essential amino acids in the same propor-
tion as in Hb, and some group B vitamins (B1, B2, B3, B6, B9, 
and B12). The doses of all the substances in the F were con-
sistent with the concept of physiological modulation, which is 
based on the use of small quantities of the different substances 
combined together.

The data regarding the increase in Hb level and decrease 
of menstrual bleeding were impressive.

The improvement in Hb synthesis was much more sub-
stantial than the expected (2.4 g/dL instead of 0.5 g/dL). Men-
strual bleeding also showed a substantial decrease. The results 
suggest that the improvement was not based on the quanti-
ties of substances administered, but is caused by an unknown 
mechanism that triggers the Hb synthesis and a decrease in 
menstrual blood flow.

The data need further confirmation and a larger number of 
cases treated for a longer period of time.
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