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Summary

The aim of the present undertaken was to analyze, by means
of the “pancreatogram”, the changes induced by estradiol in
a group of non-obese healthy women (n = 15) in the menopause stage (mean age 57) in comparison with a control
group (n = 18) of all ages (mean 46). This exam allows an
encompassing view of both the exocrine and endocrine pancreas and of their interactions.The main evaluation was done
with the 2hs cumulative values of glycemia, insulin, amylase,
isoamylase, lipase and calcium. The menopause group was
reevaluated after one month of estradiol treatment (estrogen
stage) at the dose of 0,625 mg/day. Unexpectedly 75% of
the menopause women revealed an impaired glucose tolerance test, this reflected by the glycemia/insulin index figures.
The estrogen stage and the one performed following a free
hormonal treatment period (post-treatment stage), disclosed
a progressive significant decline of the glycemia values associated to unmodified insulin ones. This finding reflects an
enhanced sensitivity response to the endocrine hormone. Coupled to the latter are associated the isolated respective values
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on the lipasemia fall and of calcemia rising. Coherent with
these results are those observed with the index figures of lipase/
insulin and lipase/calcium. Undoubtedly estradiol enhances
both insulin and calcium secretion. Suggestively, these effects
were more marked following a short arrest period of estradiol
administration. This fact seemingly allowing to infer that in
certain circumstances it would be advisable to choose an intermittent therapeutic option.
Key words. Menopause, estradiol, oral glucose tolerance test.

Páncreas exócrino-endócrino. Menopausia
y tratamiento con estradiol. Análisis
mediante el “Pancreatograma”
Resumen

El objetivo del presente emprendimiento fue el de analizar,
por medio del “Pancreatograma”, los cambios inducidos por
el estradiol en un grupo de mujeres no-obesas, sanas (n =
15) en estadío menopáusico (edad promedio 46 años). El
aquí propuesto examen faculta el lograr una visión global
abarcativa tanto de los componentes exocrino y endocrino del
páncreas y el de la interacción entre ambas. La valoración se
centró en los valores acumulativos de 2hs de todos los parámetros: glucosa, insulina, amilasa, isoamilasa, lipasa y calcio
(estadío pre-tratamiento). El grupo menopáusico fue reevaluado luego de un mes de tratamiento con estradiol en dosis
de 0,625 mg/día (estadío estrogénico). Inesperadamente el
75% de las mujeres menopáusicas revelaron una respuesta
intolerante de la glucosa, ello bien reflejado por el índice glucosa/insulina. Este estadío, y el desarrollado siguiendo a un
período libre de terapia hormonal (estadío post-tratamiento)
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pusieron de manifiesto una progresiva significativa declinación de los valores glucémicos asociados a niveles invariables
de la insulina, ello indicando una incrementada sensibilidad
de respuesta de la hormona endocrina. Esto acoplado a una
depresión de la lipasemia y a una elevación de la calcemia.
Coherente con estos resultados son los observados en los índices lipasa/insulina y lipasa/calcio. Indudablemente el estradiol estimula los valores secretorios de la insulina y del
calcio. Fue muy sugestivo que estos efectos fueran más ostensibles siguiendo a un corto periodo de arresto de la terapéutica
hormonal. Esto permite inferir que, en ciertas circunstancias,
sería aconsejable adoptar un tratamiento intermitente de la
hormona femenina.
Palabras claves. Menopausia, estradiol, prueba de tolerancia oral a la glucosa.
Abbreviations
CCK: cholecystokinin.
SHBG: serum-hormone-binding-globulin.
NIDDM: non-insulin-dependent diabetes mellitus.
BMI: body-mass index.
CV: cumulative Value.
Pr. Estr. St.: Pre Estradiol Stage.
Estr. St.: Estradiol Stage.
Post. Estr. St.: Post- Estradiol- Stage.
Lip: lipase.
Ca: calcium.
Ins: insulin.
Gly: glycemia.
Amy: amylase.
HISS: hepatic insulin sensitizing substance.
MISS: meal-induced-insulin-sensitization.
AMISS: absence of meal induced insulin sensitization.

Several decades of involvement in the evaluation of
the exocrine pancreas gradually convinced us that it could
constitute a practical advance in this field to design a
new, easy to perform, non-invasive test able to offer both
an encompassing view of the exocrine and endocrine pancreas and of their interactions.1-3
In order to fulfill the above purpose we considered that
the classical oral glucosetolerance test might be an appropiate
method to start with. It was also our conviction that this
exam could be perfected by adding to the classical determinations in blood of glucose and insulin those of total
amylase, pancreatic isoamylase, lipase and calcium. We
baptized the new procedure as the “Pancreatogram”.
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Previous data provided support to this approach. The
main ones being those pivoting on insulin, primarily on
its trophic and functional influences upon the “pancreon”
units that are exerted mainly paracrinically.
Concerning the latter, the changes worthy of emphasis are the divergent influences of stimulation and inhibition, respectively, upon the synthesis and secretion of
amylase and lipase.1-5
We have hypothesized that, by evaluating the base line
and the post “Pancretogram” parameters values, one might
be able to get a trustworthy assessment of both the exocrine
and endocrine pancreas and of their interrelationship.
Another background knowledge that was taken into
account, especially due to its linking to the present undertaking, is that both the “pancreon” units and the Langerhansislets, as well as the hepatocytes, possess estrogen receptors.6-10 Furthermore, that an intrapancreatic “estrogenic
tone” interact with the rest of the neuro-endocrine agents
that control the trophism and the secretory capacity of the
gland. In that sense, a series of findings of our group support this contention.11-13 One of them is observed analyzing the secretin-induced exocrine pancreatic secretion of
healthy men and women above and below the 45 year old
age. This study put in evidence that women over this time
limit secreted significantly less water and bicarbonate than
men. Another report, complementary of the preceding
one,12 showed that the above differences could be erased
by the administration of estradiol for a month.
In the same line of thought, we also reported, in male
rats, that a two-week estradiol treatment elicited a significant potentiation of all basal bile-pancreatic secretion
parameters.13 This exocrine secretory change associated,
histologically, to a hypertrophy of the Langerhans islets´
beta cells and a marked zymogene granules depletion of
the acinar pancreocytes.
Out of the above findings we inferred an estradiolevoked enhancement of the beta cell insulin secretion.
We speculated further that the histological and functional changes might result, on one hand, of a direct effect of
insulin, and, on the other, of an interrelationship of this
hormone with well known neuro-hormonal factors such
as acetylcholine and CCK.14
Linked to the above observations is the clinical-functional feature characterized by a marked secretin-evoked
exocrine pancreas hydrelatic hypersecretion. We have put
this in evidence in a group of diseases in which are associated, in the liver and pancreas, histological changes
of ductular hyperplasia. The entities were those of biliary and alcoholic cirrhosis and hemochromatosis.2 But
the fact to be emphasized, that keeps relation with the
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present report, is the finding of a relative hyperestrogenism resulting from an accentuated peripheral conversion
of plasma testosterone and androstenedione to estrogen,
phenomenon that is potentiated by chronic alcoholism.
In that sense it should be pointed out that ethanol is an
agent that increases the number of estrogen receptors in
both liver and pancreas.8, 14-16
In respect to the modifications of the estrogenic and
of the androgenic tone in different physiological conditions, one to be considered is that of the old men who
usually show a fourfold higher levels of estradiol than
older women. It should be recalled that in men testosterone is secreted almost exclusively by the testis. Other
androgens and some estrogens also come from adrenal
secretion and/or the peripheral conversion of precursors.
Undoubtedly testicular androgen secretion declines with
age. Concerning the increase of estradiol plasma concentration in ageing males this is due partly to its reduced
metabolic clearance rate and partly to an increase in peripheral aromatization of androgens.17
In the experimental field one cannot but to make reference to the contribution of the Houssay group in an effort to elucidate the involvement of the sex hormones in
the physiology of exocrine-endocrine pancreas.
Houssay18 was one that drew attention to the relation
of sex hormones to glucose tolerance. Indeed, in his 1951
review he noted that estrogen given to partially pancreatectomized rats reduced the 6-month incidence of diabetes. Subsequently, his group,19-25 making appeal to the
95 % pancreatectomized rat model, showed that the frecuency of diabetes was higher in males than in females.
Besides, that in male rats castration reduced the incidence
of diabetes, whereas, in females, inducement of diabetes
was substantially increased by ovariectomy. Also, that the
protective effect of estrogen was associated with hypertrophy and hyperplasia of both the “pancreon” units and of
the Langerhan islets. Furthermore, that the implantation
of estrogen pellets in the pancreas was associated with islet regeneration, particularly in the area of the implant.
All the above findings undoubtedly pointing to a direct
influence of estrogen upon the pancreatic gland.
An observation coherent with the preceding facts is
the demonstration that the islets cells coming from rats
receiving estradiol for 21 days secrete greater amounts of
insulin in respect to those coming from control animals.24
In the same line of the above results are those of Basabe et al.25 Indeed, they showed that long-term administration of estradiol (4 μg/day) for 7 months to ovariectomized rats reduced blood sugar levels by increasing blood
insulin values.
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The reports above commented and the results of this
presentation leave no doubt that estradiol plays a significant role in the physiology of both the “pancreon” units
and the Langerhan islets.
Before entering into the details of the present undertaking we have considered appropriated to underscore
the contrasting evidences, in respect to the preceding
ones that result when androgen tone predominates. Thus,
when women show a low level of serum-hormone-bindingglobulin (SHBG) which in fact reflects an increase of free
testosterone, they usually show signs of insulin resistance
and with it visceral obesity and tendency to develop NIDDM, hypertension and cardiovascular disease.26-33
A feature to point out is that, in the hyperandrogenic
women the insulin sensitivity in the liver is preserved but
reduced in the periphery. An interesting fact, that is pertinent to the findings of the present report, is that the
above changes are alleviated by the estrogen administration. Besides that, the female sex hormone improves the
glucose metabolism through a depression of the hepatic
glucose output. 26-33
Another dilemma to be resolved is that of the estradiol-induced enhancement of the insulin responses and, by
contrast, those of depression associated by a rising of the
testosterone level.26-33
Subjects and methods

Fifteen apparently healthy women, all of them, except
two, in spontaneous menopause, were selected from the
Clinical Hospital Menopause Clinic. The average age of
this Menopause Group was 57.46-56 Their mean body-mass
index (BMI) was 23. They were non-smokers and nonalcoholics. None was taking medications known to affect
lipid metabolism, nor did they receive sex steroids within
the previous 3 months. Post-menopausal status was confirmed by measurements of gonadotropin levels (FSH >
50 IU/ml), (mean 79,1 IU/ml). The post-menopausal
women had amenorrhea for > 2 year and estradiol level
< 20 μg/ml. Each was free of medical illness, including
diabetes.
The study protocol conformed to the guidelines of
the World Medical Association Declaration of Helsinki,
and to those of the Ethics Committee of the Hospital de
Clínicas “José de San Martín”.
As in this report the analysis of the modifications observed in the “Pancreatogram” play a pivotal role, in the
Table 1 is pinpointed, taking essentially into account the
blood glucose and insulin values, what was the criteria
chosen to include a patient either in a normal, impaired
or definite diabetic group.
Acta Gastroenterol Latinoam 2016;46(4):291-299
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Table 1. Plasma Glucose Cutpoints Values (fasting and 2-h post
Pancreatogram) that define normal glucose metabolism, “impaired”
tolerance and diabetes mellitus.
Fasting

2-h Post-load

2-h Cumulative
value (CV)

Normal

< 110 mg/dl
(6.1 mmol/l)

< 140 mg/dl
(7.8 mmol/l)

< 500 mg

Impaired

≥ 110 mg/dl
(6.1 mmol/l) and
< 126 mg/dl
(7.0 mmol/l)

≥ 140 mg/dl
(7.8 mmol/l) and
< 200 mg/dl
(11.1 mmol/l)

> 500 mg and
< 800 mg

Diabetes
Mellitus

≥ 126 mg/dl
(7.0 mmol/l)

200 mg/dl
(11.1 mmol/l)

> 800 mg

Procedures: Subjects were attended at the “Pancreatic
Studies Program” following a 12 hours overnight fast.
Height and weight were measured and a general history
was obtained including dietary habits, alcohol consumption and family history of diabetes and heart disease.
With the patient semi recumbent a cannula was inserted into an antecubital vein. Blood was taken for basal
measurement of plasma glucose,34 insulin by an inmunoenzymatic method, total amylase35 and pancreatic isoamylase previous inhibition of salivary amylase with wheat
gluten; lipase by the Lehmann method36 and calcemia by
a standard laboratory method.
Subsequently, an oral glucolin solution (75 g diluted in
350 ml of tap water) was given by mouth. Blood samples at
30, 60 and 120 minutes were drawn and the same determinations above described were repeated. Other parameters
besides those that have been already stated were, i.e, the
“Cumulative Value”(CV) (adding fasting value plus those
of the post-glucose challenge samples) (Table 2).
In addtion, a series of indexes were analyzed, such as:
glucose/insulin, amylase/isoamylase, lipase/ insulin and lipase/calcium. The above quotients were calculated with the
respective parameters´ values of each sample, fasting and
post-glucose testing, including those of the respective “CV”.
In this group of 15 patients we evaluated the effects
of one month of estradiol treatment. Also, the eventual
modifications of the “pancreatogram”, following a twomonth free treatment period. Thus, in order to evaluate
the results, a “Pre.Estradiol Stage” (Pr.Estr.St.), an “Estradiol Stage” (Estr. St.) for one month and, following
a two-month free treatment period, a “Post- EstradiolStage” (Post. Estr. St.) were considered and evaluated
comparatively.
The findings of the “Menopause Group” were compared with those of a “Control Group” The latter was
294 Acta Gastroenterol Latinoam 2016;46(4):291-299
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constituted by eighteen healthy subjects of all ages (mean
46, range 37-64 yr.) 13 females and 5 men that were subjected to the same “Pancreatogram” above described.
The statistical analysis was performed essentially with
the Student “t” test. When appropiate, the non-parametric Mann-Whitney test was also applied. A p value of less
than 0.05 was considered as significant.
Table 2. Analysis of the Control Group of the “Pancreatogram” 2-h
Cumulative Values CV Indexes, upper and lower. Cutpoint values of
each parameter.
Parameters

× ± SEM

Upper

Lower

Glycemia

404 ± 9.7

500

300

Panc.
isoamylase

203 ± 9.9

350

60

Amylase

393 ± 9.9

650

150

Lipase

416 ± 43.9

800

60

Calcium

34.80 ± 0.85

40

27

Insulin

253 ± 26

450

50

Glyc/Ins

1.82 ± 0.18

3.22

0.42

Lip/Ins

2.11 ± 0.38

5.07

0.0

Lip/Ca

12.0 ± 1.26

22.34

1.60

Amyl/Ins

2.03 ± 0.19

3.85

0.0

Indexes

Results

The first finding to emphasize is that 75% of the
“Menopause Group” disclosed, unexpectedly, an “impaired glucose tolerance test” (Tables 1-4). The “Menopause
Group” showed in the three Stages analyzed significantly
higher glycemia values in respect to those of the “Control
Group”. Surprisingly the difference was ostensibly less
notorious in the Post. Estr. St. This is primarily reflected
in the significant fall of the CV of this stage in respect to
those of the Pr.Estr. St. (Table 3).
Concerning insulin (Table 3) its value in the three
stages of the “Menopause Group” do not differ from those
of the Control Group. It is worthy of emphasis that the
blood insulin values of the Control Group are similar to
those recently reported in Turkey.38
In respect to pancreatic isoamylase (Table 2), this enzyme shows a slight, non significant progressive rise going from the Pr. Estr. St. to the Post.Estr. St. When the
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analysis is restricted to the evaluation of the CV this is
put in evidence in the Post. Estr. St. a significant higher
level than in the Control Group.
A feature opposite to the above one is displayed by
lipase (Table 3). Indeed this parameter reveals in the CV
a significant lower value in the Post.Estr.St. in respect to
those of the Pr. Estr. St.
In respect to calcemia (Table 3) estradiol treatment
induces a significant rise. This is reflected by the CV level
which is significantly higher than those of the Pr.Estr. St.
and the Control Group.
Total amylase is in fact the only parameter that does
not reveal estradiol-induced changes (Table 3).
The analysis of the different isolated parameters (Table 3) and all their indexes (Table 4) allow confirmation
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Concerning the sex hormone-evoked modifications
of the calcemia and of its related indexes, mainly those
of Ins/Ca and of Lip/Ca might also be an expression of
an enhanced insulin receptor sensitivity and, as a result
of that, of an augmented hormone-evoked intracellular
calcium release.
In respect to the absence, as expected, of a definitive
augmented amylase response following estradiol administration, a finding that would be coherent with an increased sex hormone-induced pancreocytes insulin receptor sensitivity, this is probably well explained by the recent
observation that in isolated pancreatic acini estradiol
causes a doubling of the intracellular amount of amylase
and trypsin but does not affect the secretion of these digestive enzymes into the culture medium.39 Furthermore

Table 3. 2hs cumulative value (CV) of the "AOGTT" parameters in the different stages of the Experimental Series. Analysis of Estradiol treatment effects on Menopausal Women. Each subject analyzed as her own control and comparison with a control group.
Glycemia
Contr.
Pre
Estr.
St.
Estr. St.
Post.
Estr.
St.

Expo. Ser.

Amylasemia
Contr.

***
667 ± 27.06
404 ±
9.7

***
626 ± 31.89
†† ***
577 ± 21.99

Expo. Ser.

Iso-Amyl
Contr.

478 ± 50.40
393 ±
29.2

492 ± 49.06

483 ± 38.87

Expo. Ser.

Lipasemia
Contr.

220 ± 12.50
203 ±
17.10

235 ± 18.90
*
262 ±17.70

Expo. Ser.

Calcemia
Contr.

580 ± 58.10
472 ±
69.5

668 ± 185
†††
377 ± 35.20

Expo. Ser.

Insulinemia
Contr.

35.64 ± 1.04
34,80 ±
0.85

†† **
39.16 ± 0.71
37.06 ± 0.70

Expo. Ser.
257 ± 31

253 ±
26

255 ± 20.40

267 ± 24.50

Control (n=18). Experimental series (n=15). Values are mean ± SEM Statistical analysis by the "t" Student test. Indexes calculated with the 2 hs CV.
† Difference between either the Estr. St or the Post Estr St with the baseline (Pre. Est. St). * Difference with the control series. * p < 0.05;**† p < 0.01;*** p < 0.001 † p < 0.05; †† p < 0.01; ††† p < 0.001

of the above changes associated with estradiol treatment.
Thus, the Gly/Ins index shows a progressive value fall in
all the different samples during the Estr. St. and the Post.
Estr. St. in respect to those of the baseline. This change
being more ostensibly clear in the CV results (Table 3).
The same phenomenon is displayed by the Lip/Ca index
(Table 4). These findings putting in evidence a sex-hormone-induced improved sensitivity of the insulin receptor both in the peripheral tissues (muscle and adipose)
and in the exocrine pancreocytes.

in other studies in whole rats treated with supplementary
dosis of estradiol, their isolated acini showed an elevated
amylase content but a reduced secretion rate.39 The latter
is in fact in accord with the Blevins et al40, 41 findings in the
sense that estradiol treatment induces a decrease of CCK
receptors on the cell surface. From the above observations
one might infer that the lack of an expected rising of the
amylasemia values subsequent to estradiol administration
would be the result of an indirect phenomenon, essentially
of a decrease of the acinar cell reponsiveness to CCK.
Acta Gastroenterol Latinoam 2016;46(4):291-299
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Table 4. Different Indexes of the "Pancreatogram". Analysis of the Estradiol-Induced effects on
Menopausal Women (Experimental Series). Comparison with a control group.
Glyc/Ins
Contr.

Post.
Estr.
St.

Expo. Ser.

Contr.

***
3.10
(± 0.35)

Pre
Estr.
St.
Estr. St.

Lip/Ins

1.85
(± 0.19)

***
2.74
(± 0.27)

Lip/Ca

Expo. Ser.

Contr.

2.46
(± 0.26)

†
2.02
(± 0.21)
†††
1.44
(± 0.20)

Contr.

*
16.77
(± 1.95)

2.42
(± 0.24)
2.10
(± 0.38)

Expo. Ser.

Amyl/Isoamyl

12.09
(± 1.23)

16.53
(± 4.90)
†††
9.89
(± 1.05)

Expo. Ser.
2.26
(± 0.16)

2.07
(± 0.18)

2.20
(± 0.19)
1.81
(± 1.88)

Control (n=18). Experimental series (n=15). Values are mean ± SEM. Statistical analysis by the "t" Student test. Indexes calculated with
the 2 hs CV.
† Difference between either the Estr. St or the Post Estr St with the base line (Pre. Est. St). * Difference with the Control Series † p < 0.05;
†† p < 0.01; ††† p < 0.001 * p < 0.05; **† p < 0.01;*** p < 0.001

Discussion

The first fact to be emphasized resulting of the present undertaking is that the performing of the “Pancreatogram” here proposed discloses, rather unexpectedly, that
75% of a group of healthy non-obese menopause women
reveal an impaired glucose tolerance test. This finding associated to normal, except fasting, post-oral glucoseinduced blood insulin values. Interestingly, this group
during the Estr. St., and surprisingly even more notoriously in the Post. Estr. St., showed an improvement of
the “Pancreatogram” parameters. For example, the Gly/
Ins decreased to a level non-significant from that of the
control series.
The here observed association of events is well explained according to our view by the report of Spencer
et al.42 Indeed, they have pointed out, after analyzing a
group of subjects closely similar to the one of our series,
that this clinical –endocrinologic condition is associated
with a decline of insulin secretion and followed by a progressive increase in insulin resistance and hepatic insulin
throughput, i.e., less insulin is taken up by the liver. According to this group, the essential physiological action of
the estradiol replacement is that of an increase in both insulin sensitivity and secretion and hepatic insulin uptake.
A feature emphasized by Spencer et al.42 is that oral
estradiol therapy in post-menopausal women increases
hepatic but not peripheral sensitivity, and that the lower296 Acta Gastroenterol Latinoam 2016;46(4):291-299

ing of glycemia figures results from an estrogen-induced
reduction in glucagon secretion and sensitivity. In a few
words, that the estrogen effects are less counteracted by
glucagon, primarily at the liver. In addition, that the
improvement in insulin secretion in response to estrogen replacement is a relatively long-term effect resulting
from the islets´beta cells hypertrophy and hyperplasia.
In synthesis, that the lack of overall changes in the insulin concentration is consequence of the fact that, its
estradiol-induced pancreatic secretion is compensated by
a simultaneous enhancement of its hepatic uptake.
According to Spencer et al,42 the estradiol-evoked insulin secretion is primary and the increased insulin uptake
by the liver is a secondary effect.
In regard to the above observations, it is appropiate
to add those of Anderson et al.26 This group reported an
improvement of glucose metabolism and plasma lipids
in postmenopausal with NIDDIM after replacement
therapy with estradiol. What they emphasize is that, these
diabetic women were hyperandrogenic in comparison
with non-diabetic women and that after estradiol substitution, SHBG increased 4-fold, whereas free testosterone
decreased. According to these authors, hyperandrogenicity, as indicated by low SHBG values, is a powerful independent risk factor for the development of NIDDM,
hypertension, and cardiovascular disease. Furthermore,
that a low SHBG is associated closely with visceral obe-
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sity. Indeed, women with central body fat distribution
have low levels of SHBG and increased free testosterone
in parallel with insulin resistance. Visceral obesity is a risk
factor for cardiovascular disease, stroke and NIDDM.
Low SHBG concentration and visceral obesity may have
additive effects on insulin resistance. Thus, increased androgenicity in women may cause insulin resistance. On
the other hand, there are several pieces of evidence that
insulin resistance, or rather hyperinsulinemia, may lead
to hyperandrogenism. In effect, it has been shown that
hyperinsulinemia increases androgen output from the
ovary and may suppress SHBG production in the liver.
That hyperandrogenicity induces insulin resistance and
glucose intolerance is in agreement with the results of Anderson et al,26 because elevated SHBG levels induced by
estrogen administration, alleviating hyperandrogenicity,
were followed, at least partly, by an improved glucose tolerance. It should be pointed out that, insulin sensitivity
is preserved in the liver but reduced in the periphery in
hyperandrogenic women. In addition to alleviating androgen effects on muscle, estrogen regulates insulin-induced
glucose transport via translocation of glucose transporter.
In the mechanism for the improvement of glucose homeostasis to the preceding effects should be added those of the
estradiol-induced depression of hepatic glucose output.
As a collateral digression it should be mentioned that
in a series of papers several interesting properties of estradiol and testosterone has been added. Thus, as the latter
causes immunosuppression, estrogen does enhance immune function. The above facts explains the philosophical elaboration that whereas males, on the one hand, are
less likely to have autoimmune diseases or reject organ
transplant, on the other might be less able to handle a
septic challenge after trauma or hemorrhage.
A series of reports, beside those already mentioned
in the introduction, provide useful complementary data.
One of them is that of Sutter-Dub.43 This author showed,
in the isolated perfused pancreas, that estradiol exerts a
direct stimulatory effect on the pancreatic islet cells.
Another finding coherent with the above is that reported by Kalkhoff and Kim44 in the sense that estrogens
reduce glucagon secretion from islets isolated from pregnant rats. Also that of Faure et al.45, 46 in which the increased glucagon concentration induced by ovariectomy
in rats was reversed by the administration of estradiol.
We are convinced that the findings of our report represent, in fact, the first stage of a metabolic disorder that
slowly and progressively leads to the insulin resistance
syndrome. Although it has been argued that this can be
seen in non-obese individuals, it is accepted that insulin
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resistance most commonly occurs as a result of increasing weight, lack of exercise, aging, diseases or drugs that
antagonize the actions of insulin.47
At this stage one cannot but make reference to the
original findings of the Canadian school of Lautt.48-51 Indeed, this group, in a series of “in-vivo” and “in-vitro”
studies, in the last 15 years have demonstrated that 55%
(~66% in humans) of the glucose disposal effect of an
I.V. injection of insulin in the fed state, is dependent on
the action of a second hormone: “hepatic insulin sensitizing substance” (HISS) which is released from the liver and
stimulates glucose uptake in muscle, heart and kidneys.
Sensitization of the insulin response by a meal through
release of HISS is called meal-induced-insulin-sensitization
(MISS). Absence of HISS action results in post-prandial hyperglycemia, hyperinsulinemia, hyperlipidemia,
adiposity, increased free radical stress and a cluster of
progressive metabolic and cardiovascular dysfunction
referred to AMISS (absence of meal induced insulin sensitization). Reduced HISS release accounts for the insulin
resistance that occurs with ageing, and is made worse by
physical inactivity and diets high in glucose and fat.
The Lautt group proved that HISS acts selectively in
skeletal muscle, heart and kidneys, but not liver or adipose tissue, to stimulate glucose uptake.
In order for insulin to cause the release of HISS, two
permissive signals are needed. One signal is delivered via
hepatic parasympathetic nerves acting on muscarinic receptors and subsequent activation of nitric oxide synthase
and elevated cGMP. The other is chemical signal seen as
an approximately 40% elevation in hepatic glutathione.
Both signals are needed, as either signal, alone is not sufficient to activate the HISS pathway. The feeding signals
decrease with the duration of fasting until by 24 hs HISS
release is minor or absent. The MISS process has now
been demonstrated in mice, rats, guinea pigs, cats, dogs
and humans by independent laboratories.
Essentially, then, glucose in the blood causes pulsatile
release of insulin, which reaches the liver where reflexively activated parasympathetic nerves and rapidly elevated hepatic glutathione serve as permissive regulators to
allow pulses of insulin to stimulate pulsatile releases of
HISS. This putative hormone enters the bloodstream and
stimulates glucose uptake, primarily into skeletal muscle,
doubling the disposal effect of a pulse of insulin. Absence
of HISS action results in a major shift in storage of nutrient energy from glycogen in muscle to fat. Absence of
HISS action is physiologically and appropriately produced in the fasting state when the hypoglycemic effect
of HISS would not be advantageous.
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In respect to the behavior of the exocrine pancreas
component of the “Pancreatogram”, i.e, pancreatic isoamylase and lipase, only the values of the latter give an indication of an estradiol-induced enhancement of the normal
influences exerted by the beta cell insulin upon the neighbouring pancreocytes. Indeed, the fall of isolated lipasemia
and of the enzyme-linked indexes (Lip/Ins, Lip/Ca) give
testimony of the inhibitory influence normally exerted by
insulin upon the synthesis and secretion of this exocrine
pancreas enzyme. When commenting the results we have
elaborated on the mechanism that could explain the lack
of influence of estradiol on the secretion of amylase.39-41
As we have pointed out an interesting possibility is that
the mechanism that could explain the lack of an expected
estradiol-evoked rising of the amylasemia values is the demostration that this sex hormone inhibits secretion of the
enzyme through a decrease of the acinar cell responsiveness
to ecbolic agents (acetylcholine, CCK , etc.).30, 41
We are convinced that through the repeated performing of our proposed “Pancreatogram” we will be able, in
some clinical circumstances, either to confirm or dismiss that a high lipasemia value, associated to coherent
changes of the corresponding indexes (Lip/Ins,Lip/Ca), is
a reflection of a definite pancreatic lesion or, by contrast,
only a result of a functional derangement of the normal
exocrine-endocrine interactions.
To the above inferences we feel that another one must
be added. This centered on our conviction that repeating
the proposed test through a long-term period will allow
to put in evidence, especially in those patients that have
followed an adequate treatment, the regeneration capacity of both the exocrine and endocrine components of the
pancreatic gland.53-56
Conclusion

The main basis that give support to the approach of
the “Pancreatogram” the “insulo-pancreon-axis” interaction, explain that, when confronting the results of a case,
in general just a rapid glimpse of its isolated parameters
values allow to conclude without hesitation that the test
is either normal or allow to infer a certain abnormality.
A feature that deserves to be stressed, well explicited
in this case, is the valuable diagnostic support of those
physiologic mechanisms of cellular sensitization, primarily involving three indexes, glyc/ins, lip/ins, lip/ca, that
are triggered within the “insulo-pancreon” axis.The evolution of the results through time, has shown, in many
patients, that the pancreatic gland. Undoubtedly possess
an undeniable regeneration capacity.
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