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Abstract: After the first release of synthalin B (dodecamethylenbiguanide) in 1928 and its later
retraction in the 1940s in Germany, the retraction of phenformin (N-Phenethylbiguanide) and of
Buformin in the USA (but not outside), because of the lethal complication of acidosis seemed to have
put an end to the era of the biguanides as oral antidiabetics. The strongly hygroscopic metformin (1-
1-dimethylbiguanide), first synthesized 1922,resuscitated as an oral antidiabetic (type 2 of the
elderly) compound first released in 1959 in France and in other European countries, was used in the
first large multicenter prospective long-term trial in England in the UKPDS (1977-1997), released in
the USA after a short-term prospective trial in healthy overweight “young” type 2 diabetics (mean
age 53 years) in 1995 for oral treatment of diabetes type 2,however,mostly to multimorbid older
patients (above 65 years of age) and is now the most used drug worldwide. While intravenous
administration of biguanides does not have any glucose-lowering effect, their oral administration
leads to enormous increase of their {metferminy intestinal concentration (up to 300-fold compared to
that measured in the blood), to reduced absorption of glucose from the diet and to decrease of insulin
serum level through increased hepatic uptake and decreased production. Furthermore, these
compounds have also a diuretic effect (loss of sodium and water in the urine) Acute gastrointestinal
side effects accompanied by fluid loss often led to dose-reduction of the drugs and strongly limit
adherence to therapy. Main long-term consequences are, ,chronic “dehydration, deficiency of
vitamin B12 and of iron and, as observed for all the biguanides, to “chronic “increase of fasting and
postprandial lactate plasma level and—alse—to—a as a laboratory marker of a clinical condition
characterized by hypotension, oliguria, adynamia, and evident lactic acidosis. Intravenously injected
F18-labelled glucose in metformin-treated type 2 diabetics accumulates in the small and even more
in the large intestine. The densitometry picture observed in metformin-treated overweight diabetics
is similar to that observed in patients after bowel-cleansing or chronically taking different types of
laxatives where the accumulated radioactivity can even reach values observed in colon cancer. The
glucose-lowering mechanism of action of metformin is therefore not only due to inhibition of glucose
uptake in the small intestine but also to ,,attraction “of glucose from the hepatocyte into the intestine,
possibly through the insulin-mediated uptake in the hepatocyte and its secretion into the bile.
Metformin is not different from the other biguanides, synthalin B, buformin and phenformin. The
mechanism of action of the biguanides as antihyperglycemic substances, and their side effects are
comparable if not even stronger (abdominal pain and fluid loss) to those of laxatives.

Keywords: guanidine; biguanides; metformin; diabetes mellitus type 2; vomitus; diarrhea; lactic
acidosis; loss of body weight; laxatives; malabsorption; anemia; dehydration; kidney injury; shock;
death
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Introduction: Development of Industrial Food Production, Hypercaloric
Nutrition, Overweight/Obesity, Type 2 Diabetes and Increasing Popularity of
Biguanides

Beginning with the middle of the 20th century the so-called developed countries, Germany, Italy,
Japan, United States of America but also the United Kingdom, France, Finland, Sweden, Norway
experienced a steady growth (3-5-fold) of the population size [1]. those countries mainly contributed
to the worldwide pandemic increase of Obesity and Overweight. Obesity is increasing also in the
formerly called developing world (emerging countries, low income countries), inducing a change of
the definition of malnutrition as it now comprises not only undernourishment but also overfeeding
especially in children [2-5]].Japan represents an exception among the western world countries as the
overweight and obesity numbers are relatively lower[6] as agriculture and livestock production is
limited by the scarcity of land which can be used for agriculture and by the state control of import of
food products from abroad [7,8].

Nevertheless we are still talking about several hundred million people worldwide suffering of
hunger [9].The global overfeeding can be explained with the epochal change and enormous increase
of food production, which began in the middle of the 19th century when the soil fertilization , the
industrialization of agriculture [10-12] and the livestock sector started to grow [13,14] first in the
western world, but then expanded into the rest of the world along with the globalization, especially
after the second world war [15,16].In the middle of the 20th century it became obvious that cigarette
smoke was the first cause of coronary heart disease and of lung cancer in the United Kingdom and in
the United States of America [17-23].It became apparent that consumption of alcoholic beverages
would increase mortality(24).

Immediately after these publications an alternative explanation for development of
arteriosclerosis also inducible by starvation[25] was offered by the biologist Ancel Kyes [26], namely
hypercholesterolemia attributed to the different composition of animal fat in the food of men in
north Karelia, south-east of Finland on the Russian border although with a much lower BMI than that
found in American men [27,28] .Finnish women from the same area with the same
hypercholesterolemia were not as much affected as men [29,30].

It has to be mentioned that the true risk factors, namely cigarette smoke and consumption of
alcoholic beverages were not discussed as it was not emphasized that these men had a normal body
mass index [31-36].

The meat industry favored more the hypothesis of exaggerated consumption of carbohydrates
and sugar being the cause of overweight and of the co-morbidities induced by hypercaloric nutrition,
including alcoholic beverages [37—40].This hypothesis was denied in scientific contributions
published in the world literature while in the meantime, however, the explosion of the overweight
pandemic [41-44] can be attributed to the development of a ,“food addiction” [45]. It has to be
pointed out that being overweight changes the ,,normal“physiology. In fact, fat accumulates in the
liver in the abdominal cavity but also around of the intrathoracic organs, heart and lungs [46—
48].0Overweight also is accompanied by increase of blood volume, which is however not proportional
to the increase of body weight [49-51].This may have serious consequences for the kidney [49] if one
considers that blood volume physiologically decreases with increasing age [52-55] mostly due to
dehydration [53] and hypoalbuminemia[56] accompanied by increased lactate production [57,58]
leading to subclinical , chronic” acidosis especially in obese type 2 diabetics[59-62].

Increase of blood volume without a corresponding increase of the vascular bed may explain the
development of hypertension in obese patients [63]. In addition, increased body weight is
accompanied by changes in the largest organ of the body, the skin. Increased dryness of the skin is a
physiological change in obese persons (inadequate hydration) which is accompanied by increased
blood flow in the capillaries, increased transdermal fluid loss and increased sweat gland activity [64].
The latent peripheral tissue hypoxia [65] could explain the increased plasma D-Dimer found in
patients with hypertension and overweight [66].
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As increase of endocrine pancreas function is timely limited, many obese patients develop
hyperglycemia mostly in the presence of increased insulin level (compared to lean persons) which
becomes however not sufficient to keep glucose serum level under the prediabetic limit of 125 mg/dl
[67]. While the overweight-pandemic expands, the use of different drugs to contrast the
,comorbidities” has also expanded, as it is, the number of persons suffering from different side effects
from the single drugs. As those drugs considered adequate for appetite reduction are considered life
-style drugs [68) and diffusion of statin-use (69,70]only distract the attention from the causes of the
obesity pandemic, a surgical subspecialty, bariatric surgery [71], appears to be the only measure to
reduce food uptake ,as the therapeutic escape solution for diabetes type 2.Preventive nutritional
suggestions (reduction of calorie-uptake especially by reducing uptake of sweets, fat [72,73] and of
alcoholic beverages remain mainly unsuccessful [73].The treatment of ,, comorbidities” caused by the
diffusion of this lifestyle continues to be dealt with the increasing number of prescriptions of statins
(,,statinisation”,oral antidiabetics and diuretics [74]aggravating maybe the most serious obesity-
associated ,,comorbidity”, namely the ,,chronic kidney disease” [75,76].

Metformin (1,1-dimethylbiguanide), a water-soluble, strong basic compound [77] belonging to
the group of the biguanides, the compound, which is mostly used as antidiabetic drug for obese
patients. It has a molecular weight of 129,16,while metformin hydrochloride (Glucophage) has a m.w.
of 165,62. Since 1957, when the first successful use of this biguanide in overweight diabetics was
published in France [77] to reach nowadays about 200 million doses/day worldwide for treatment of
multimorbide,older,overweight persons with diabetes type II alone or in combination with other
orally administered antidiabetic compounds or with insulin [78,79].The review of the literature of the
last 100 years strongly suggests that biguanides can be hardly considered as classical drugs as they
do not bind to proteins and do not undergo any biotransformation. They not only induce loss of water
and of nutrients (especially glucose) into the stool but also increase water loss through the urine
creating a constant danger of kidney failure because of dehydration in elderly overweight/obese
diabetics.

1. History of Biguanides: From the First Animal Experiments to the Production
of the First Synthetic Compounds to Their First Oral Use as Substitute of Insulin
or in Addition to Insulin in Overweight Type 2 Diabetics

Although some characteristic symptoms and the sweet urine have been reported long before
Christ was born it was around the 5th century B.C that the Indian doctor Samhita mentioned that
those symptoms were more frequent in rich castes and it was related to excessive food consumption
.1776 Dobson (found that glucose concentration in urine and in the blood of a diabetic was increased
[80].In the middle of the 19th century Claude Barnard measured glucose in the portal vein
immediately after feeding a carbohydrate-rich diet to dogs. He also found glucose in the portal and
in the hepatic vein of dogs fed with meat only. Moving to tissue analysis of glucose he found lage
amounts of sugar in the liver but not in other organs. He named the starchy, water-insoluble form of
hepatic glucose-storing, glycogen, which is then converted into glucose and secreted into the
circulation [81]. From this observation he drew the conclusion that an excess of glucose production
by the liver of diabetics would be responsible for hyperglycemia. Claude Bernard could not imagine
that the storing capacity of the liver for glucose and fat could be overpowered after a meal and that
insulin and glucose from the portal blood could bypass the liver and reach the systemic circulation
[81-83].

After the histological observations of Langerhans [84] and after Minkowski in 1889[85] presented
his observation that the pancreas is the source of a substance which regulates the glucose serum level
,1910 Sharpey-Schifer called insulin the possibly deficient factor produced in the cells described by
Langerhans [84]. At the time when Banting and coworkers [86] first successfully treated patients with
deficient insulin production with pancreatic extract, most of those diabetics were young persons who
died within months because of hyperglycemia, while the second increasing group of hyperglycemic
patients were the overweight elderly, clinically less apparent diabetics. While the first group was
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affected by an irreversible change of normal physiology, the acquired end of a physiological function,
namely insulin production, the second group was affected by a reversible change induced by a
protracted overstimulation of insulin production [82] due to overweight. The increase of the number
in this group of diabetics was the first sign of industrialization of agricultural and livestock
production initiated by the German chemist Justus Liebig [10]

Falkenberg in 1891 reported his observation on thyroidectomized dogs. Of 16 dogs, which died
because of the operation, 11 presented glycosuria and two of the long-term survivors (several
months) were diagnosed by Falkenberg [87] to suffer from what he called diabetes (in both cases
parathyroid glands were found in place at autopsy). Glycosuria under such conditions was confirmed
by Hirsch 1906 [88].

While looking for the substance responsible for tetanic symptoms observed in
parathyreodectomized animals, Fithner H [89] found that the substance guanidine, a product of
protein metabolism, eliminated in the urine [90,91], causes muscle contraction by directly acting on
the neural plate. On the other hand, it was also found that a thyreoparathyreoidectomy in dogs also
causes hypoglycemia and depletion of glycogen deposits in the liver and no glycosuria [92].
Extirpation of three parathyroid glands caused a reduction of absorption of dextrose given by mouth
or subcutaneously. Normalizations of calcium serum level by administration of calcium lactate
resulted in normalization of blood sugar content[93],while it had been shown that ammonia
elimination into the urine was increased[94].At the same time Burns and Sharpe demonstrated a
marked increase of guanidine in the urine and blood of parathyreidectomized dogs and in the urine
of children with idiopathic tetany [95].On the basis of the assumption that parathyroids are involved
in glucose metabolism, Watanabe first studied the effect of subcutaneous guanidine administration
on rabbit blood sugar levels and on urinary excretion of glucose and of ammonia [96-99].He
administered guanidine hydrochloride subcutaneously into rabbits which were kept without food
and water after administration, and several blood glucose tests were performed after the start of the
experiments. A decrease of glucose serum level was observed, which was paralleled by a
deterioration of general conditions until death ensued. He also observed the development of marked
acidosis which took place after subcutaneous injection of guanidine hydrochloride into rabbits which
then refused food uptake [100].

Frank, Northemann and Wagner in 1926 [101] first studied the hypoglycemic effect of guanidine
on rabbits and realized that it worked like a poison after subcutaneous administration and that,
before their death, the animals developed hyperglycemia. Authors then tested herring-sperm
extracted- and then synthetically produced- guanidine. They called it Agmatin
(aminobuthylenguanidine, derived from the amino acid arginine). In the attempt to dissociate the
toxic from the hypoglycemic effect, they found that a non-toxic dose of this compound was able to
induce a decrease in glycemia. A further modification to aminopenthylguanidine was able to induce
a decrease in blood glucose like that observed after insulin administration. To increase the glucose-
lowering effect, structural modifications were performed and synthalin A and B were generated.
Subcutaneous injection of the substances in pancreatectomized dogs was able to reduce blood sugar
concentration in a dose-dependent manner before toxicity symptoms became evident. The speed of
the hypoglycemic effect was slower than that observed after insulin injection. A small increase in the
dose given orally was sufficient to achieve an effect like that observed after subcutaneous
administration

personswereready—to-be-tried. The ared to that of

subcutaneously administered insulin, namely on the effect of peripheral glucose consumption and

effect of orally administered synthalin was comp

on glucose storage as glycogen [101].
To demonstrate the first effect, insulin was injected into the arteria femoralis of a
pancreatectomized dog and a decrease of venous blood glucose level compared to the arterial level

was determined. A-similareffectwasreportedafterintraarterialinjecHon-of synthalin- While a hiche
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The animal experiments performed with the intra-arterially injected guanidine were considered

successful and concluded. First diabetes patients were then treated with orally administered
synthalin. Therapy started with different dosages in insulin-dependent patients. Insulin dosages
could be reduced, and glycosuria disappeared. After two or three days however, therapy had to be
temporarily interrupted (24-36 hours) because of gastrointestinal side effects: nausea, vomiting,
diarrhea, gastric pain. Therapy was more successful if accompanied by a diet [101].

Under these conditions, authors calculated that 1 mg synthalin administered orally generated
the same effect as one unit insulin [101,102] in the reduction of the amount of glucose eliminated in
the urine. Furthermore, authors found that synthalin was able to reduce the serum glucose level
below the glycosuria concentration, to abolish acidotic episodes and to reduce the symptoms of the
disease, namely polyuria and polydipsia. Comparable results were obtained by oral and
subcutaneous application of the substance.

In a comment to the presentation of his coworkers, professor Minkowski [103] eertified-that-the

Headded-to-hisjudgment stated that it was too early to decide about the grade of efficacy of the
drug for the treatment of mild diabetes and for the possibility of developing substances with less side

effects. He-alsoprophetically supposed-thatin-ashe me-there-wotiabe-many-experence Sies

After the first supporting experiences were published [104-108], Frank, Northman and Wagner

published their next experience with the ,, new “biguanide, synthalin B (dodecamethylendiguanidin)
[108]. This was a further molecular development of the drug in the attempt to reduce the
gastrointestinal side effects observed with synthalin [109]. Initially, the substance induced diarrhea,
which was more frequent than under synthalin but less strong and more temporary. Indication for
this therapy was diabetes of the older patient normally reluctant to take the prescribed diet, while
treatment of choice for the young diabetic patient remained insulin administration [108]. Synthalin B
was approved in Germany and made available for further studies in England [109] and in the United
States of America [110]. These experiences, especially those performed with synthalin A
(diguanidinodecamethylene) delivered some support but also confirmed the high frequency of
gastrointestinal side effects [109,110].

Bischoff and coworkers [110] and Batherwick and coworkers [111] reported about a special
observation concerning the “poison” synthalin administered parenterally to rabbits. The fasting
animals developed hypoglycemia accompanied by an increase of serum urea concentration just
before dying. Authors called the damage of the tubular epithelium (while the glomeruli were intact)
“nephritis”

Short-term results obtained with oral administration were unsuccessful.

The data were summarized and also critically commented in an article in the scientific journal

Nature in January 1928 [112] H-was-underlined-thatsynthalin-in-spite-of the-advantages-of-the-oral
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author repeated the judgment of the late Minkowski 1926 that synthalin was not ,, a substitute for
insulin” but the first results obtained with that substance would encourage the continuation of the
search for better compounds with insulin-like effects [112].While the recently synthesized [113,114]
strong hyerenemie hygroscopic 1-1-dimethylguanidine hydrochloride was also synthesized and
tested in the same Institute in Breslau by the chemists who also first synthesized synthalin and tested
for comparison by the pharmacologists Hesse and Taubmann [115]confirmed that biguanide
derivatives, like synthalin were able to reduce the glucose serum level up to cramp level and that
glucose administration was able to reduce the cramps but not to ameliorate the general conditions of
the animals (rabbit).Compared to the insulin effect, biguanides were not able to induce glycogen
synthesis in the liver. On the contrary, compound-induced hepatic glycogen depletion was
observable. All the authors underlined the finding of Watanabe [99] that the substances, synthalin

and the biguanides caused lactic acidosis [100]. Hyperalaninemia—induced—(poisoned)—by

administration-to-dogs-of biguanide(suanidine hydrochloride)-Minot and coworkers thoroughly

studied the lactic acidosis production induced by guanidine intoxication [116].

Authors found that vomiting and diarrhea in addition to the tendency to hypoglycemia were
even aggravated by administration of bicarbonate. They also mentioned that in some cases retention
of nitrogen could be due to “nephritis” (see Blatherwick et al.). Authors stated that “fluid
administration to improve kidney function is an important feature whenever the specific means
employed to combat the acidosis are unsuccessful. “The removal of guanidine through increased
kidney function maybe an important feature in the adjustment of acid-base equilibrium by
continuous venoclysis with glucose or Ringer solution” [116]. Because of the unsatisfactory safety the
search for new guanidine-compounds continued [115] and synthalin remained as an oral antidiabetic
drug on the German market until 1940.

Then retraction from the market was effectuated because of the seldom- occurring but fatal
acidosis, attributed to anaerobic glycolysis, [117] and because of the possible also fatal hepatotoxicity
[118].At the beginning of the fifties, however, Synthalin received interest again because of reports
about its specific toxic effect on pancreatic alpha-cells [119,120].At the same time several other
(,new”) biguanides were synthesized and tested in comparison also with synthalin but the side
effects especially the tendency to lactate production due to anaerobic glycolysis were quite similar to
those of the other biguanides [121].

Buformin and phenformin [122-129] were developed and used for treatment of obese type 2
diabetics (until today).

It was shown that phenformin administered orally for three days to hyperinsulin responders,
obese non-diabetics before oral but not intravenous administration of glucose were able to reduce
both glucose and insulin serum levels to the level of normal subjects. A similar effect was also
observed in obese diabetics [128]. These results strongly suggested a reduction of glucose absorption
and also a lack of induction of intestinal hormones by phenformin, which would have on the contrary
stimulated the beta cells to synthesize more insulin (according to a still current hypothesis).

Walker and Linton during the two years of use of phenformin in at least 100 patients observed
»a worrying and indeed dangerous complication“ketonuria and acidosis in the presence of
normoglycemia or mild hyperglycemia [127].

Ketonuria with or without acidosis was observed in about one third of all cases, always without
a significant rise of blood sugar levels. The suggested measures to combat ketosis (“metabolic
starvation”) were increased dietary carbohydrate, reduction of the dose of phenformin and
supplementary use of insulin. These measures with additional alkali administration were not
successful in a patient who died a few hours after admission and autopsy failed to find lesions
possibly responsible for his death [127]. Walker RS, however, mentioned its efforts to clarify the
mechanisms of acidosis development under phenformin therapy and reported that the patients
controlled under phenformin had increased basal blood lactate levels exaggerated by the
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administered compound and by exercise accompanied by a marked fall of the alkali reserve of a
magnitude many times greater than that observed in normal people.

Dehydration, as the cause of hypotension and kidney injury, was not discussed neither at the
clinical nor at autopsy level.

At that time Beaser in his report [129] about the short-term- treatment of 10 overweight diabetic
patients with a combination of phenformin, sulfonylurea and insulin did not find toxic side-effects
but mentioned that ,the potential usefulness of phenethylguanidine is circumscribed by
gastrointestinal intolerance, which supervenes in many patients before the most effective dosage
levels are reached” . As it will happen in the following decades the focus was put on the glucose serum
level [130] and less on the systemic consequences of the gastrointestinal fluid loss due, on the one end
to the reduced fluid uptake as a consequence of nausea and loss of appetite and the increased loss
through the intestine and, on the other hand to an increased loss of water through the kidney
[131,132].

In a study performed in Japan [133] on 13 overweight diabetics in Osaka randomly divided into
two groups, buformin was given in a daily dose of 150 mg (50 mg after breakfast, lunch and dinner)
for two weeks, while the other group was administered a hypocaloric diet (20 kcal/kg b.w.) along
with physiotherapy for two weeks. Buformin treatment not only significantly lowered fasting plasma
glucose and plasma insulin-levels, but it also increased hepatic but not peripheral glucose uptake
when compared to the diet alone group [133]. While phenformin had definitively been withdrawn
from the market in the USA because of lactic acidosis development [135], buformin was partially
taken from the market. Both are still used in many countries outside of the United States of America
[129,130,134].

The use of metformin(dimethylbiguanide of Wagner and Bell),as a ,,new” biguanide was first
described by Mehnert H and Seitz W [136] and by Sterne 1957[137] and first approved in France
1959.1t was used in the UK where the lowering effect on body weight was described when compared
to the opposite result obtained with chlorpropamide after twelve months (but not after further six
months) of treatment in obese diabetics [138].By that time ,some non-tissue-forming catabolic
process” should be hypothesized if reduction in food intake was not the explanation for the tendency
of weight loss in obese diabetics [138] as also observed with phenformin .

Bratusch-Marrain and coworkers [130] studied the effect of buformin on carbohydrate
metabolism in healthy men. Authors found important results as they found that buformin altered the
lactate-balance and net lactate output occurred under buformin treatment. In fact, splanchnic lactate
output was increased after glucose ingestion, while hepatic glucose output was not increased. The
arterial blood glucose concentration after ingestion of glucose was significantly reduced by buformin
pretreatment. Buformin treatment induced a marked rise of splanchnic lactate production and of an
increase of c-peptide level as measured by the hepatic venous catheter technique [130].

Despite of some critical case reports about the occurrence of fatal acidosis [139] and of the long-
term low efficacy (mostly justified by improvement of microvascular changes) on a subgroup of
overweight type II diabetics [140] and mainly based on the short- term (29 weeks) effect on glucose
serum level, as surrogate marker [141] the trial results published [Table 1] were considered to favor
introduction of metformin as an oral antihyperglycemic drug.

The findings were considered to be sufficient for approval of metformin as one more oral
antidiabetic drug [142] in the United States in august 1995 while the first cases of lactic acidosis which
were reported were mostly attributed to ,comorbidities [143] which were then listed as
contraindications [144] for metformin therapy. A confirmatory long-term prospective trial under
similar conditions of the short-term was not requested by the FDA [143,144].

Metformin was defined as the , cousin “of phenformin by Campbell and colleagues [142] and
not much different from buformin [128,145] and from the other biguanides as described in the
previous decades (see above).
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Table 1. Metformin-therapy in diabetes type 2, prospective trials:inclusion criteria.UKPDS 1996* DeFRONZO

N

Age (mean years)
BMI

Fasting
Hyperglycemia:
HbAlc

Fasting lactate --
(<1.30 mmol/L)
Max doses
(mg/day)
Duration
UKPDS
-symptomatic diabetes (e.g. polyuria)

dehydration, ketonuria)

-history of myocardial infarction, angina

or sign of heart failure

-more than one major vascular episode

-serum creatinine higher than 1.98 mg/ml

-malignant hypertension, severe retinopathy

et al.1995%*,
342 352%**
53 53
27-31 29
7 8

1.41-/1.46 (p=0,08)

1.47/1.54
2.550 2.550
15y 29 weeks

De Fronzo et al.

-symptomatic hyperglycemia (e.g polyuria,

dehydration, ketonuria)

-symptomatic cardiovascular disease

-concurrent medical illness

-3 or more alcoholic drinks (>3 oz/day)

-use of chlortalidone or thiazide allowed

-smoking not mentioned

d0i:10.20944/preprints202412.1089.v2

-severe concurrent illness
-smoking allowed

Table 1 Comparison of the essential characteristics of the two prospective trials, which lead to the approval of
metformin by the FDA as an oral compound to treat hyperglycemia in adult obese patients with type 2

diabetes. *most of the exclusion criteria were then listed as contraindication for metformin therapy.

2. Pharmacokinetic and Pharmacodynamic of Biguanides

., To Produce Its Characteristic Effects a Drug Must Be Present in Appropriate Concentration at Its Site of
Action” [146 See Also Table 1-2 of This Article]

After oral administration of metformin[147,148] like the other biguanide hydrochloride
[149,150], about 30- 60% of the compound [149] is absorbed-as— while the largest part accumulates
in the small intestine to reach a 300-fold larger concentration than it has been measured in the blood
[151] in the first part of the small intestine ( into the venous blood of the portal vein, released from
the fenestrated[152] hepatic sinusoidal endothelium of the liver. It was first supposed to be
transported through the OCT1-hepatocyte membrane transporter [153,154] and genetic variations of
this transporter were supposed to be the basis for the different efficacy of the drug .However this
could not be confirmed in fasting healthy individuals with reduced-function OCT1-diplotypes
[155]. Treatment of those individuals with 2000 mg metformin daily for a week did not modify plasma
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glucose-, insulin and C-peptide-concentration. While plasma glucose appeared to be lower during
the first 2-3 hours the mean plasma lactate value increased significantly during metformin treatment,
remaining within the normal range.

The absorbed part of the orally administered metformin is released from the liver into the
systemic circulation and eliminated unchanged (up to 5 times faster than creatinine) through the
kidney by glomerular filtration (but also by tubular secretion?) and can be found to almost 100% in
the urine. After intravenous administration, Pentikdinen found some C14-labelled metformin in the
saliva but not in the feces [151].

After oral administration of C14-metformin the bioavailability in three healthy volunteers was
61% and 51% of the administered dose 48 hours later. The recovery in the feces of one volunteer from
whom the stool was collected for one week was 29.4% and 90.5 %, together with the activity recovered
in the urine. Metformin was not bound to proteins neither in vivo nor in vitro [151] (Table 2).

Table 2. Main “metabolic” effects of metformin in the gut after oral introduction.

Metformin in the small and large bowel after oral administration

-reaches a local -concentration up to 300-fold higher than that in the serum
-induces local(intestine) lactate production, abdominal discomfort and pain
-induces water loss from the systemic circulation into the intestine
-induces nausea, vomit and diarrhea
-induces glucose loss from the blood into the intestinal lumen and
--increases elimination of glucose from both the blood and the ingested food
-induces reduction of protein digestion
-Trace amounts remain attached to the mucosa of the large bowel for longer than 72 hours

after oral ingestion of a single dose

Cl1-metformin (9.5 microSv/MBg=ca.1.1 micrograms), first injected intravenously, allowed to
study its biodistribution in humans, by the PET-scan technique [153]. Most of the activity was found
in the liver, the kidney and the urinary bladder. Activity peaked immediately after injection and most
of the compound was cleared from the blood 20 minutes after injection. In the kidney there was quick
intense activity (80% of the injected activity) with an equally rapid decrease with a reversibility
velocity like that of the liver but faster. In the liver the peak of the activity was of course lower (15%
of that in the kidney) because of the much larger volume of the cellular distribution (Figure 1 upper
panel).

After rapid ingestion of the strong basic compound C11-metformin (18.1micro Sv/MBgq, half-
life= 20.4 minutes) dissolved in water containing 100mM (NH4)2-HPO4 [pH=5], consecutive whole-
body scans were performed. Dosimetry calculations were performed for the stomach content, small
intestine, liver, kidney and bladder content. It was demonstrated that hepatic metformin uptake is
very rapid and fully reversible, but the accumulation of the activity is higher than after intravenous
administration, as, although slower, the tracer delivery comes from the portal blood through the liver
first. Two hours after the oral ingestion of the tracer the bulk of the radioactivity is still to be found
in the intestine (Figure 1 lower panel) and no further observation of the fate of the radioactive
metformin was possible.
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Figure 1. Scans of Cl1-metformin administered to humans intravenously and orally (lower and lower panel

respectively) taken at different time after administration. Gormensen LC et al. (153, with permission).

It is understandable that the study performed by Pentikdinen and colleagues [150] with 14C-
labelled metformin could only be repeated by the addition of ,,cold “metformin to the 14C-labelled
compound. This would most probably accelerate the intestinal passage as most of the conventional
drug- containing tablets also contain polyethylenglycol (3-6.000) as an additive, which is also a
laxative.

Although an active transport of metformin through the membrane of the hepatocyte has been
extensively discussed by Gromensen et al [153],it has to be mentioned that hepatic densitometry
pictures similar to those observed after intravenous and oral administration of C11-metformin can be
observed also after the injection of Cll-nicotine [156] or even of Cl1-Donepezil,a high-affinity
antagonist of acetylcholinesterase normally used as drug in the treatment of patients with Parkinson's
disease [157,158]. It cannot be ruled out that there is a diffusion into the space of Disse through the
fenestrae of the sinusoidal endothelial cells [152] and that the compound is then washed out from the
interstitium back into the hepatic vein. It may be therefore more appropriate to speak about hepatic
metformin ,extraction “[159] than about uptake.

The kidney to blood activity ratio was identical independently of the administration route of the
radioactive metformin. Some discrete uptake of the tracer was found in the salivary glands and
discrete uptake was found also in the intestine. No activity was found in the gallbladder. Significant
amounts of the tracer passed to the small intestine 10 minutes after ingestion.

Despite the increasing popularity, the mechanism of action of metformin (gluco-phage of Sterne)
has been elusive until nowadays.

Especially after the report of Bonora et al. [160] and of Sum et al [161] on the lack of metabolic
changes after intravenous administration of metformin hydrochloride, attention concentrated mostly
on pharmacokinetic studies performed after oral administration of immediate- or retarded release-
metformin formulations and of different dosages at different time of the day.

Bonora and colleagues [160] found no significant change in fasting plasma level of glucose,
insulin, C-peptide, glucagon and growth hormone after intravenous injection of 1g of metformin as
a bolus in 15 non-diabetic subjects (4 males and 11 females) after a 12-hours overnight fast. Blood was
drawn 15 minutes and up to 30 minutes after injection of metformin hydrochloride dissolved in 10
ml of distilled water. The finding ended with the discussion about a possible direct effect of
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metformin on insulin production in the pancreas. Sum et al. [161] performed a double-blind
randomized crossover study in nine type 2 diabetic patients (6 female and 3 male, HbAlc 8,8 vs 8,6
on oral metformin therapy (Glucophage, Lypha).

After a 10-hour fasting period and having omitted the morning metformin dose, D-glucose, [3-
H3]-glucose and metformin/NaCl were injected intravenously. Metformin was continuously infused
to achieve a serum concentration at a lower therapeutic level and then (after the first 120 minutes)
increased to reach a high therapeutic range of 5-7 mg/L. Glucose was infused to reach and then
maintain a concentration of 5 mmol/Blood samples were collected at 10-minute intervals. Urine
samples were also collected. After the first increase of metformin serum level from 1.64 to 6.57 at the
end of the second step a continuous decrease of metformin level was measured under NaCl infusion.

The study was repeated between 10 and 20 days after the first study and no difference was
found, between the two study days, in fasting glucose-, insulin-plasma-levels and in metformin
concentration. No difference was found between control and metformin studies in hepatic glucose
disposal, peripheral glucose disposal, glucose oxidation. Although the authors did not underline this
important finding they observed no change in blood lactate concentrations. These results
demonstrated that there was no acute effect of increasing metformin serum concentration in type 2
diabetics on hepatic glucose production or peripheral glucose disposal and, contrary to the previous
observation, after oral administration, no influence of intravenously administered metformin on
lactate production was found [161].

Sombol and coworkers found that the pharmacokinetic parameters after a single dose of 850
mg of metformin hydrochloride in healthy NIDDM-patients (6 males and 3 females of the original
12) with a creatinine clearance of >85 mL/min, were not statistically significant different compared to
those measured in healthy subjects (5 males and 4 females) [147].

Three diabetics, however, withdrew during the single-dose phase. One had a hypotensive
episode with nausea and vomiting and one other had several headache episodes, a third patient
withdrew for personal reasons. In the healthy people’s group, only one withdrew for personal
reasons.

A single dose (850-2.550 mg) of metformin did not significantly decrease the postprandial
glucose serum concentration. When the single dose was augmented the clearance/bioavailability ratio
increased in both participant groups, mainly due to a decrease of bioavailability than to an increased
clearance which was lower when 1.700 or 2550 mg than 850 mg were administered in NIDDM and
was significantly lower in healthy persons. It was confirmed that bioavailability decreased with an
increase of the administered dose. In fact, it was previously reported that bioavailability decreased
from 86% to 42% when the dose was increased from 250 mg to 2.5 gm .As an explanation for this
phenomenon it was hypothesized that metformin permeability is limited as a non-lipophilic
compound, this is confirmed by the 30-60% bioavailability in absence of hepatic extraction and by the
fact that bioavailability of metformin of intermediate release formulations is lower than that of
immediate release formulations.

In addition, it was found that intake of food decreases the absorption of metformin by about
25%. While, in diabetic participants, multiple doses of metformin decreased fasting glucose serum
concentration and also postprandial glucose levels, no effect on glucose serum level was detected in
healthy subjects. This is not due to different pharmacokinetics of metformin in each group and can
only be observed also in non-diabetics if the serum glucose level has been artificially raised.

Furthermore, the glucose-lowering effect of metformin in NIDDM was correlated to the level of
severity of fasting hyperglycemia and significant reduction of pre-prandial insulin plasma level was
observable after multiple doses of metformin hydrochloride. Interestingly a statistically significant
decrease of postprandial (0-2 hours post meals) insulin concentrations was observable in healthy
subjects after metformin administration (4-6 hours) both of different single doses (850-2550 mg) and
multiple doses.
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It was justified to conclude that the pre-prandial glucose-lowering effect of metformin in
NIDDM-subjects and the early postprandial effect in healthy subjects is not dependent on stimulation
of insulin production.

This pivotal study, supported by Lipha Pharmaceuticals Inc..the same company ,which
performed the short-term tria(AM Goodman), which led to the FDA-release 1995,141) was
performed in young diabetics (47 years mean age otherweise healthy and in young (46 years mean
age) healthy controls had the potential to analyze the effect of metformin on creatinine clearance, as
authors mentioned that urine was collected to measure metformin concentration and urine volumes
were measured to calculate total metformin clearance. In the results section there is no data about
creatinine clearance possible changes and eventually also lactate concentration. Both are not
mentioned in the discussion as there is no mention of the possible changes in body weight.

This is surprising as it was stressed that the diabetics, participating in the study, had normal
creatinine clearance.

In fact, one of the most interesting findings of this complicated study was that the serum
concentration of metformin measured on day 4 and 5 was significantly higher than that measured at
day 1 of study begin. The explanation for this surprising finding could have been that there was an
accumulation of the compound in the blood due to reduced renal clearance. Authors introduced the
“new” definition of “steady state” blood concentration as their explanation, possibly distracting from
fluid loss because of adverse events (not reported).

On the other hand, some sentences in the introduction:1) “Although the chemical structure of
metformin is similar to that of phenformin, it has much less propensity for causing lactic acidosis. 2)”
The pharmacologic action of metformin primarily involves an increase in cellular glucose uptake,
gluconeogenesis, glucose oxidation and lactate production;” suggest a certain influence of the
supporting pharmacological company as that company was working together with the FDA in
preparing the release of the compound into the North American market. In fact, the conclusion of the
discussion section of the publication was “This finding, together with the fact that the magnitude of
the glucose-lowering effect of metformin appears to depend on the level of hyperglycemia, makes
metformin an attractive alternative for treating NIDDM”.

Unfortunately, authors did not discuss the results of this study (also supported by Lipha
Pharmaceuticals Inc.) taking into consideration their own previously published results obtained in
persons of different ages, e.g. healthy young (27 years) healthy elderly (71 years), healthy middle age
(47 years) with creatinine clearance varying between 111 and 89 ml/min where metformin clearance
was investigated. In that study, patients with a different degree of chronic renal insufficiency with
creatinine clearance between 73 and 22 ml/min

were also included. The study clearly showed that creatinine clearance physiologically decreases
with increasing age and that clearance of the absorbed metformin, administered orally (850 mg)
decreases as a function of creatinine clearance. Both, creatinine and metformin-clearance could have
been negatively influenced also by the consequence of “the most frequently observed adverse events”
including diarrhea, abdominal cramps, nausea, headache and dizziness on loss of fluids [148]. The
urine volumes were not given in the result section.

Besides the previously hypothesized fact that a clear effect of metformin on lowering glucose
can only be found when administered orally by reducing glucose absorption [147] in the intestine,
additional effects like inhibition of hepatic glucose production, improved glucose uptake and
utilization were mentioned together with weight reduction reduction, of plasma lipid levels and
prevention of some vascular complications.

McCright and coworkers [158] performed a pharmacokinetics study in obese patients with type
2 diabetes who were intolerant to metformin and compared the numbers obtained in 19 obese
diabetics who tolerated oral metformin. Under fasting conditions 500 mg metformin were orally
administered. Peak serum concentration of metformin was reached at 2.5 hours (2.1/2.0 mg/L
respectively) in both groups and the continuous decrease for 24 hours follow-up was also comparable
{162]. Lactate serum concentration increased to 2.4 mmol/L one hour after the peak of metformin
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serum concentration in both groups. The curve of the decrease of the serum lactate concentration
during the following hours was even more flat than that of metformin. The peak of lactate measured
early after metformin ingestion is of course higher than that measured 24 hours after administration
of higher doses of metformin to their patients with a lower BMI as reported by De Fronzo 1995 [141].

Somoyi and coworkers had already published a significant increase of serum lactate at four and
twelve hours after oral administration of 250 mg of metformin (131). Authors supposed a correlation
between plasma concentration and pharmacodynamic response, which would become more evident
in patients increasing metformin doses as previously observed by Phillips and coworkers in patients
with declining kidney function (132).

3. Mechanisms of Action (Lowering Effect of Serum Glucose) of Metformin- and
the Other Biguanides- Therapy

An attempt to explain the mechanism of action of biguanides in lowering glucose serum level
has been again discussed by Sterne [163]. After eight years of personal research, it was clear for him
that.1) in the diabetic patient the biguanides do not act by metabolic effect,2)There is an absence of
hypoglycemic effect in the non-diabetic man under biguanides treatment (dimethyl in France n-butyl
in Germany and phenethyl in USA,78) the biguanides do not stimulate insulin production,4)the
development of lactic acidosis so far observed may be due to many other reasons, especially to the
coexisting comorbidities,5)there was not enough support for the hypothesis of biguanide-induced
deviation of glycolysis toward the anaerobic pathway.

Despite the many additional publications, however, the mechanism of action of metformin (and
of the biguanides) has been a matter of discussion for now one hundred years since its synthesis and
administration to animals and since its introduction as a therapeutic option in overweight/obese
elderly type 2 diabetics [78,164-169] Heontinues-to-be under discussionasreportedinthe mostrecent
publications{200,201].1t is however important to underline the following established certainties:

1)about 40-60% of the orally administered compounds are excreted with the stool,2)the absorbed
compounds are completely excreted unchanged through the kidney,3) no damage is observed in tissues like liver,
kidney, muscle after administration of the compounds and only a trascurable amount of the biguanide is
detectable in those tissues,4) increase of serum lactate can be detected especially when administered orally after
a meal and in obese persons but not after intravenous administration,5)although an increase of lactate level can
be measured in the portal blood after oral administration, lactate concentration in arterial blood is higher than
that in the hepatic vein after oral administration explained,at least in part, by the use of lactate in the
hepatocellular gluconeogenesis,6)in most of the cases of hospitalization reported under biguanide therapy
because-of symptoms—of-lactate acidosis dehydration and hypotension combined with acute kidney failure (or
acute on chronic) dominate the clinical picture,lactate acidosis being the marker of anaerobic glycolysis in the
hypoxic tissues and reduced renal clearance as it maybe an increased serum biguanide concentration. Taken

bicnanide presentin-bloodeirerlation 7) Injection of lactate in healthy animals does not have any pathological
consequence (Table-6 3).

In experiments performed in metformin treated fa/fa rats, Penicaud et al. [164] demonstrated
that there was no glucose utilization in insulin-dependent organs and it was even decreased in
skeletal muscle. Authors found an increased glucose utilization in the stomach and small intestine of
the metformin-treated rats as confirmed by Ikeda et al.(172), by Abdul-Ghani (173) and recently also
by experimentsin in the mouse (174). The experiments demonstrated that metformin does not exert
its hypoglycemic action through an increased insulin secretion, but it rather causes reduced intestinal
absorption of glucose and therefore an increased glucose elimination [164,167] and most probably
also of glucose reaching the intestine through the bile [169].

After having observed a clinical case of lactic acidosis araised in a 65 year-old patient who
presented with a massive metformin serum concentration but with only a mild increase in serum
creatinine in the presence of an acute intestinal occlusion,the clinical picture resolved soon after the
abdominal operation(175).This experience stimulated Lalau and cowowrkers to reproduce this
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clinical situation in an animal experiment,where authors could show that obstructiuon of the terminal
ileum may induce a short-term increase of metformin serum concentration without a concomitant
increase of serum creatinine and serum lactate. Among other possibilities authors propose
hypovolemia as possible cause of metformin serum retention (176).Authors called the increase of
serum metformin “retention” intended as reduced renal elimination.

The elevated metformin serum concentration without an increase of serum creatinene
concenttration could be the consequence of a reduced urine production persisting not long enough
(duration of the experiment 4 days) confirming the 5-fold faster metformin renal clearance.

Additionally,the intestinal retention due to the jejunal obstruction could have allowed a further
absorption of the administered compound into the systemic circulation.The retained compound
could also have caused water loss into the intestine.

Table 3. metformin biguanides and glucose metabolism 100 years after-its their synthesis.

-after intravenous administration elimination through the kidney unchanged and with no metabolic effect

-after oral administration concentration in the small bowel 300-fold higher than in systemic circulation

-after oral administration 40-60% eliminated with the stool

-no damage induced by the drug in the studied organs (intestine not studied)

-lactate serum level in portal blood and in systemic circulation increase only after oral administration, when

-lactate in arterial blood is higher than in the liver veins

-metfermin biguanides do not increase insulin-synthesis nor insulin-activity,

-possible increase of glucose elimination through the bile into the intestine

-biguanides increase intestinal glucose-elimination through its strong hygroscopic effect and water loss into the lumen
-metformin decreases protein metabolism in the intestine, albuminemia, blood volume and blood pressure

-biguanides increase urinary sodium (and water) elimination in the urine similar to diuretics

Bailey also underlined glucose utilization in the intestine even in the fasting state using glucose
from the vascular compartment [177].

Besides the inhibitory effect of glucose absorption in the small intestine, a reduction of the
glucose production in the liver is still under discussion. This is however difficult to understand as
intravenously injected metformin does not have any effect on glycemia [160,161]. Furthermore, there
is no established therapeutic-, nor “toxic” concentration of metformin reported in the literature,
which could be used for therapy monitoring or diagnostic purposes in diabetics under biguanide
therapy, as recently assessed by Lalau et al. [178] given also the enormous variability of the serum
level especially in obese persons [151], possibly due to a different compliance and/or hydration status,
which can change suddenly through symptoms like vomiting,diarrhea,fever and leading to
emergency clinical conditions. As stated by Lalau and coworkers, caution should be u sed when
attributing a causative role for lactate acidosis to metformin therapy (178).

A further indirect mechanism of the glucose -lowering effect of orally administered metformin
has been postulated, namely through the increase of the incretin GLP-1- production in the small
intestine [173] eventually mediated by bile salts [179].0On the other hand it has been demonstrated
ex vivo in the perfused rat ileum that only carbohydrate luminal perfusion increases the release of
glucagon-like peptide-1 into the mesenteric vein [180]through the uptake of glucose into the epithelial
cells . In fact, an increase of GLP-1 production could be detected in the portal blood of diabetic and
non-diabetic cirrhotic patients after the introduction of a study meal (69 grams of carbohydrates) into
the small intestine, but no significant difference in the peripheral insulin serum level was found [181]
between diabetic and non-diabetic patients. As GLP-1 should reduce glycemia by stimulating insulin
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production in the pancreas only in the presence of hyperglycemia, an increased insulin serum level
under metformin therapy should be the precondition for the indirect hypoglycemic effect. Insulin
serum concentration under metformin (as is the case for buformin and for phenformin) therapy,
however, does not increase, either. Instead, it remains unchanged, or it is decreased as it has been
repeatedly demonstrated. The administration of GLP-1 RA exenatide in type 2 diabetics seems, on
the contrary, to function by a mechanism like that of metformin by inducing a significant reduction
of body weight in a short-term treatment [182].

Recently a further attempt has been made to explain the early loss of body weight after starting
oral metformin therapy. It has been found that the blood of diabetic overweight patients treated with
metformin contained increased amounts of GDF15 [183,184] a hormone considered to act as an
appetite suppressor by directly interacting with specific receptors in the brain. On the other hand,
however, a decrease in the release of ghrelin (the classical appetite stimulus) into the blood but also
the increase of an appetite-suppressing metabolite (185) has been reported.

It was hypothesized that increased production of the hormone would take place possibly due to
a metformin-induced change of the intestinal microbiota [184]. It cannot be excluded, however, that
metformin acts as stressor for intestinal cells and that the local GDF15-production together with
increased lactate and also serotonin (186) production may represent a sign of local hypoxia. A similar
explanation could be the basis for the recently published induction of other possible appetite
inhibitors [185]

In a retrospective analysis, Kim and coworkers [187] described an accumulation of injected F18-
FDG in the lumen of patients suffering of non-inflammatory diarrhea or constipation, and, for the
first time intravenously injected, radioactive glucose in the stool. Gontier and colleagues [188]
retrospectively studied the localization of F18-FDG injected in diabetics type 2 and found a significant
increase of the radioactively-labelled glucose in the wall, but also in the lumen of the small bowel and
of the colon in patients treated with metformin compared to that of non-metformin treated diabetics,
which was not different from that of non-diabetics controls [188].The authors stated that ,the
digestive tract is the only tissue responsible for a large glucose utilization enhancement”.

Morita and coworkers [189] by using positron emission tomography (PET)-MRI, recently found
that the maximum standardized uptake value (SUVmax) of F18-FDG in the intestine (jejunum, ileum
and right or left hemicolon) of metformin- treated diabetics was higher than that of the control group.
More importantly, the study permitted to differentiate the SUVmax of the intestinal wall from that of
the intestinal lumen. The SUVmax of the intraluminal space in metformin-treated diabetics was
greater than that of controls (Figure 2).On the contrary the SUVmanx of the intestinal wall was similar
in both groups [189].A temporarily increased accumulation of the injected tracer seems to be observed
(Figure 3) also in the liver of metformin-treated diabetics up to 48 hours after interruption of the oral
uptake of the drug [189-191] suggesting a persisting uptake of the radioactive glucose mediated by
circulating insulin as consequence of the “metabolic starvation”(?) induced by the biguanide.

In a pivotal animal study Massollo and coworkers found a significantly increased intestinal
uptake of intravenously injected radioactive glucose in mice that have been fed metformin for 4
weeks. At the same time serum glucose concentration decreased as was the whole-body radioactivity.
The latter finding does not support the assumption of an insulin-mediated glucose uptake in the
muscle but could indicate a reduction of peripheral blood volume. Authors also stated that , the data
indicates that the metabolic action of metformin cannot be directly attributed to the presence of
therapeutic drug concentrations; they reflect rather phenotypic modification in the gut cells that occur
after a relatively long time and persist at least 2 days after drug disappearance” [192 page 263]

Accumulation of F18-FDG in the large intestine (Figure 4) has been found also in persons who
regularly use laxatives [193,194]. SUVmax can even reach levels which simulate those of colorectal
neoplasms (Figure 5) in patients with chronic constipation [195].

It seems justified to conclude that biguanides such as phenformin [196] and metformin [197] not
only induce glucose ,, malabsorption “after oral administration, they also may , attract “glucose from
the intestinal vasculature into the lumen of the small bowel which is then transported and
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concentrated as stool of the large intestine together with the remaining compound (198). Under the
influence of intestinal metformin, the reduced glucose uptake from the intestine into the portal blood
could also be compensated by an increase of an insulin-mediated uptake [199,200] of glucose from
the systemic circulation into the liver, from there into the bile [174,201] and into the small bowel.
Through the effect of metformin, radioactive glucose then reaches the large intestine, there achieving
the concentration necessary to be captured by the dosimetry scan (whole-body PET-scan).

The reduction of intestinal absorption of glucose [170] of other nutrients [202] and of some life-
saving drugs [203] by metformin resembles that of ,irritant laxatives” [204,205] which produce
peristalsis and not only reduce absorption of glucose and other food components [206,207],an
increase of serum level of homocysteine [208] but it also induces a reduction of protein digestion
[209] and also and even more importantly loss of water [210].The latter, together with increased loss
of sodium and water with the biguanide may explain dehydration and increase of creatinine serum
level as described in metformin-treated overweight type 2 diabetics. It may even worsen the latent
4hypoperfusion of peripheral tissues, eventually explaining excess of production of lactate,
hyperferritinemia, increase of hepcidin serum level and hyposideremic anemia as an acute-phase-
response to tissue damage [211,212].

A

Figure 2. PET-images taken 60 minutes after intravenous administration of F18-FDG in a diabetic patient treated
with metformin (A) and in a control patient(B).In A radioactivity has accumulated in the last portion of the ileum
and in the colon (right hemicolon stronger than left hemicolon).The indication for the study was gall bladder

cancer as confirmed by the accumulation of the tracer in the gallbladder(arrow).From Morita Y et al.(189).
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Figure 3. PET-scan was performed in diabetics at different times after interruption of metformin therapy. In

patient 4 interruption time was shorter than 48 hours and showed strong accumulation of the tracer in the colon.

From Schreuder N et al. (191).
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Figure 4. PET-pictures of early scans (upper row) and of late FDG-scans(lower raw) after oral administration of
laxatives. The arrows in the upper row of PET-scans show the different patterns of accumulation of the tracers

in the large intestine. From Chen Y-K et al. (194, with permission).

from a mild diabetes (HbA1c=6.8%) and from chronic constipation treated with
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Figure 5. Accumulation olaxativesfter intravenous administration) in the coecum and ascending colon (upper
panel, long arrow) of a patient suffering anthraquinone laxatives as demonstrated by the presence of melanosis

coli at colonoscopy performed to exclude colon cancer (lower panel, short arrow). From Katsumata R (195).

4. Short- and Long-Term Side Effects of Metformin and of the Other Biguanides

Ceontraindications-and-Adherence to MetforminTherapy

a) Short-Term Side Effects of Metformin Therapy with Biguanides

As described by Frank and colleagues [101] at the first administration, synthalin causes
»hausea, loss of appetite, increased intestinal movements, gastric pain, vomiting and also diarrhea “.
For this reason, they developed a therapeutic procedure consisting of increasing the dose for the first
3-4 days followed by an interruption of drtte administration of the compound of 1-2 days. It is
therefore understandable that many diabetics, especially older ones, cannot tolerate the medication,
as those side effects may be accompanied by dizziness, tiredness abdominal cramps, asthenia,
myalgia and an altered metallic taste [213,214] as confirmed to be more frequent in patients treated
with metformin than in the placebo treated control diabetics. Although the side effects are like those
caused by cytotoxic anticancer drugs, (215) in the case of the biguanides they have been attributed in
part to the intestinal disturbance of the bile salt metabolism by-metformin [216-219]. The increase of
bile salt elimination in the stool has been observed also in patients with chronic constipation treated
with elobixibat, a laxative approved in Japan for treatment of chronic constipation [220], probably
like what has been discussed recently for other antihyperglycemic laxatives [221,222].

Biguanides can cause, besides the above-mentioned side effects, flatulence, abdominal bloating,
heartburn, headache, agitation, chills. It is therefore not surprising that aggravation of dehydration
may be the consequence especially in elderly overweight patients. Reduced blood volume could even
be the mechanism behind the observed effect of metformin on blood pressure when administered to
hypertensive non obese men [223,224] (Table 4) as the strong renal clearance of the compound and
sodium with water (225) resembles the action of diuretics.
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Table 4. Short-term side effects of biguanide treatment in elderly, obese type 2 diabetics.

-abdominal and gastric discomfort, flatulence, abdominal bloating, heartburn
-abdominal pain sometimes simulates intestinal ischemia

--vomiting, diarrhea, nausea, loss of appetite, metallic taste

-feeling cold(chills)

-agitation, headache

-dehydration, hypotension up to shock level, acute kidney failure (,,metabolic “acidosis)

As lactieaeidesis increase of lactate serum level under orally administered biguanides is a
continuum in the reporting from emergency and ICU-hospitalized overweight/obese diabetics (Table
5) and as biguanides are also used alere-ex in combination with other drugs for the purpose of weight
loss in non-diabetics, it is worth to mention here the study published 1978 by Czyzyk and coworkers
[226] who studied the effect of the three main biguanides, buformin, phenformin and metformin on
blood lactate levels in 56 healthy subjects(30 men and 26 women).Of special interest is the effect of
alcohol- and fructose-, a very popular sweetener, and of exercise during administration of the
biguanides. Authors found only minimal differences in the effect of the individual biguanides. The
highest increase in blood lactate was observed after intravenous fructose loading leading to an
increase of glucose serum level. The lactate increase under biguanide was also further increased after
oral ethanol, metformin showing the highest lactate increase 4-to 6 hours after ethanol administration
compared to phenformin and buformin. The effect of exercise (15 minutes duration) was studied
twice in 18 volunteers (7 men and 11 women, mean age 29 years). Before the second experiments
biguanides were administered orally. While biguanides did not cause a significant reduction of
glucose serum level, all the drugs caused a significant rise of blood lactate and a significant fall of
bicarbonate levels but no change of blood ph. This has to be taken into consideration when talking
about metformin-associated lactate acidosis (MALA,178)

In 1978 Luft and coworkers published [227] a review on cases of lactate acidosis after treatment
with biguanides (most of the patients reported were treated with buformin or phenformin but also
with metformin).

More than 50% of the patients died soon after hospitalization showing advanced renal

insufficiency and higher lactate acidosis [227]. Most common clinical signs reported were
dehydration and pallor. Patients were frequently treated with vasopressors and volume expanders,
but the cornerstone of the treatments reported were alkalinization with bicarbonate administration,
hemodialysis, insulin and glucose.

Table 5. Symptoms attributable to lactic acidosis under long-term biguanide-treatment.

-abdominal, stomach discomfort
-nausea, vomiting, diarrhea,
-weakness

-fast breathing

-fast and weak pulse
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-dry mouth and thirst
-muscle pain or cramping
-feeling of discomfort
-sleeplessness
-hypotension

-tachycardia

The suggestions based on the clinical examination of the published data failed to establish the
proper sequence of events after treatment with biguanides, considering that the hypoglycemic effect
of the drugs is due to their Intestinal accumulation, local fluid loss and elimination of water with the
nutrients and with the absorbed part of the compound cleared through the urine, leading to prerenal
insufficiency.

The eventual accumulation of different amounts of the biguanides in the blood, and the increase
of serum lactate concentration, can both be seen as signs of reduced kidney function due to
dehydration (Table.6).

Both symptoms could be improved by mere fluid administration.

It can therefore be concluded that measurement of metformin serum level is dispensable for the
determination of the therapeutic procedure and risk of death.

Development of increased serum lactate under biguanide treatment has been known since the
first administration of the compounds as oral therapeutics in elderly obese type II diabetics. For this
reason it was mentioned that “no clinically evident case of lactate acidosis was reported to the
authors” of the UKPDS-trial from the patients treated with metformin as stated by the authors in
their first long-term report [140].No statistically significant increase of lactate serum level was
reported in the short-term study of De Fronzo and colleagues [141], where determination of fasting
lactate was part of the monitoring during the 29 weeks of the trial. It has however to be pointed out
that only overweight, non-obese (mean BMI 29) and relatively young (not yet elderly, mean age 53
years) healthy type II diabetics were originally admitted to the trials (Tablel).

After the publication of the American study testifying safety of the metformin use [141] and the
approval of the compound for oral therapy in elderly overweight/obese diabetics type2, the first 10
cases of lactate acidosis with three cases of death were reported to the FDA [143] and the presence of
comorbidities ,which were an exclusion-criterion for the participation to the trials (see Table 1) was
found as possible contributory factors for the development of acidosis (congestive heart failure,
hypoxia, chronic lung disease, sepsis and impaired renal function).

Seven further deaths under metformin therapy were reported six months later by Innerfield
[228].The report was sharply criticized by the authors of the American study and a further study was
announced by the FDA [229].Additional cases reported to the FDA in the period from May 1995 to
June 1996 were described by the FDA 1998 [144].Twenty of the 47 hospitalized patients died; the
mean age of these patients was 77 years (compared to 53 years of the patients in the study of de
Fronzo) and 16 had a serum creatinine above 1.5 mg/dl while 8 had also furosemide, the most
effeetive aggressive diuretic drug. The body mass index was not reported. In that report it was stated
that the upper limit of lactate considered to be ,normal “(2.7 mmol/L) in those patients treated with
metformin in the first short-term study ([141] while seven had a lactate serum level between 2.7 and
4.9mmol/L therefore not meeting the criteria for lactate acidosis previously published by one of the
reporting authors. Blood pressure values and hydration status were not mentioned.

In that report it was suggested to restrict metformin therapy to healthy diabetics who are under
80 years old although, again, the age of the patients included in the trial (141) was 53 years.

Similar to the previously used guanidins [230-233],at time of release by the Food and Drug
Administration (FDA) such a life-threatening complication has been published only sporadically and
has been considered to happen significantly more seldom compared to tolbutamide .It has been
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described especially in diabetics with reduced kidney function [234-237] until recently[238] and in
emergency conditions such as severe COVID-19-infection [177,239-241]in hospitalized diabetics.

The above-mentioned intestinal effects and adverse events can not only be the cause of the
temporary dose-reduction or withdrawal of metformin intake but also the long-term complete lack
of adherence to the therapy [242—247].

On the contrary, the loss of body weight observed especially at the beginning (but not at later
time points) of metformin therapy [248,249], has been seen (not always,141) as an achievement as it
is known that overweight, obese elderly diabetics do not comply with diet restrictions.

It should however be seen as a possibly dangerous acute consequence of the gastrointestinal side
effects of the compound. In fact, there could not only be a negative effect of the metformin on food-
but also on fluid-intake with consequent dehydration, tissue hypoperfusion, hypoxia-induced tissue
damage and consequent increased lactate production, especially in type 2 diabetics performing
exercise [250].

The consequent kidney injury could account for lactate accumulation and lead to acute lactic
acidosis (just as marker of dehydration), the symptoms of which may be similar to the side effects of
metformin with the main distinctive characteristic of dehydration, namely hypotension, tissue
hypoxia with increase of anaerobic glycolysis, peripheral tissue injury and inflammation and
fibrinolysis [251].

It has to be kept in mind that oral metformin administration alone can induce, besides, decrease
of plasma insulin ,serum cholesterol and triglycerides, a significant decrease of blood pressure as it
has been found when metformin 850 mg twice a day was given for 6 weeks to nine non obese non
diabetic no smoking men suffering of mild non treated hypertension [225].A significant marked
decrease of both systolic and diastolic blood pressure was observed within the first three weeks of
therapy. The blood pressure increased again within two months after interruption of the metformin
administration and mildly decreased again during the next three years of follow-up under dietary
restrictions.

This phenomenon must be taken into consideration when interpreting the complication
observed in 5 patients with type 2 diabetes and hypertension treated with metformin and angiotensin
receptor blocker. The patients were admitted to the emergency room because of severe metabolic
acidosis (pH6,60-6,94) and high lactate 14-23 mmol/L) and elevated serum creatinine as signs of acute
kidney failure in patients previously having normal kidney function. The clinical conditions were
precipitated by severe dehydration with circulatory and respiratory collapse. Also, in these cases,
however, the importance of replenishment of the blood volume (sufficient fluid and eventually
albumin infusions) has not been emphasized enough [251] as it should be.

b) Long-Term Side Effects of Metformin Therapy

In their 10-year follow-up report, after the end of the UKPDS [252,253], Holman and coworkers
[254] describe that the metformin group-patients were followed for a period of 17.7 years with 8.8
years of post-trial follow-up. Overall mortality was 44% (51.5% cardiovascular and 24.2% cancer as
the cause of death). Baseline differences in surrogate marker glycated hemoglobin disappeared after
the first year of intensive therapy. Although there was no difference in blood pressure levels and
plasma creatinine was not significantly different within the two groups, the plasma creatinine levels
in the metformin group were 15% higher than those in the conventional therapy group. As about 10%
of the patients were treated with diuretics because of hypertension, both metformin and diuretics can
eventually increase dehydration, which also naturally develops with increasing age in elderly
persons.

Metformin treatment in type 2 diabetics is associated with early development of anemia, which
is most probably due, but not solely, to the inhibition of Vitamin B12 absorption [255-258. Vitamin
B12 absorption inhibition could also explain the development of peripheral neuropathy in elderly
diabetics treated with metformin [259].
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Anemia and iron deficiency under long-term metformin treatment (> 5 years) has been described
by Ahmed and colleagues [260] (Table 6).

Table 6. Long-term side effects of metformin-treatment in elderly type 2 obese diabetics.

-dehydration

-reduction of glomerular filtration rate (GFR)
-increase of fasting and postprandial plasma lactate
-increase of lactate elimination in the urine
-Vitamin B-12-deficiency

-Iron-deficiency

-hypoalbuminemia

5. Adherence to the Prescribed Dose of Metformin and Other Biguanides

After several reports claiming positive effects of orally administered drugs including metformin
alone or in combination with other oral substances but also with insulin were published, ,new
medications for attempting to nearly normalize blood glucose levels could not have arrived at a better
time” [261] the enthusiasm about metformin, the first drug that did not induce increase of body
weight, did not induce increase of insulin serum level, built up continuously although the true
mechanism of action of this compound, which was poorly absorbed (>30% eliminated with the stool)
and quickly eliminated unchanged via urine was only speculative. In addition, dose-dependent
gastrointestinal side effects caused the drug to be withdrawn in up to 50 % of the study patients
[142,262].

The results of the large UKPDS-trial, which started 1977 in England, contributed to the enormous
,popularity “of the substance [248,249]. The UKPDS-reported positive results in the reduction of
microvascular consequences of type 2 diabetes in the subgroup of overweight diabetics treated with
metformin. They represented, despite the several critical comments [252,253] especially about the
statistical significance of the obtained results, the definitive establishment of long-term oral therapy
alone and/or in combination with insulin and other oral antidiabetic drugs .In one of the first reports
of the UKPDS-trial, first data about adherence to protocol after 3 year follow-up was given [263] for
the 2741 (of the first 3000) were still attending the clinics (91%).While 83% of those patients allocated
to insulin-and 90% of those allocated to sulphonylurea were on the allocated therapy 30% of those
allocated to diet policy had to be reallocated as having secondary diet failure. The adherence to
protocol of the metformin (sub)group was not mentioned. Adherence to protocol of this group of
patients has not been mentioned in the 10-year follow-up report [254]. In this report, however, it was
found that the change in body weight was similar in the metformin and in the conventional control
(diet only) groups. Of the metformin group 82% of person-years (3035 of 3682) were still treated with
metformin alone (mean dose 2550 mg/day) or in combination. The most striking support to a good
compliance was however the number of deaths under those patients allocated to the combination
therapy metformin and sulphonylurea (median follow-up 6,6 years) with an adherence of 62%
person-years was increased with a diabetes-related mortality-risk -increase of 96% (p=0.039).It was
stated that after 3 years of monotherapy more than 50 of the patients needed an additional drug and
after 9 years most of the patients under combination therapy will need insulin
administration[263,264].In the short-term prospective trial (29 weeks) of DeFronzo and
coworkers[141] 78% of the patients allocated to metformin were taking 2550 mg/day of the drug after
the 5 week titration phase. Before end of the 29 weeks of the study duration 22% of the patients of
the metformin group withdrew from the study and 28% in the placebo group (12 % because of
treatment failure vs 1% in the metformin group, protocol 1). In protocol 2 25% of the patients in the
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metformin group withdrew before the end of the 29 weeks mainly because of gastrointestinal side
effects.

This was the first randomized, prospective trial showing that metformin can induce a change of
the lactate serum level even with the level remaining within a ,normal “range. Interestingly the study
showed no significant change of body weight in the metformin-compared with the placebo-group.

This means that adherence to the first and the only curative therapeutic intervention for diabetes
type 2 of the ,elderly “(young old?) with overweight/obesity, namely diet, (restriction of the caloric
intake) was negligible.

Adherence to dietetic prescription and to anti-diabetic, antihypertensive drug uptake was
judged by means of the information given by the patients and contained in the questionnaire filled at
the yearly visit when fasting glucose-, creatinine- and glycated hemoglobin- level together with blood
pressure were measured. In the year 6 to 10 of follow-up after the UKPDS-trial was closed 1997, visits
were continued every 3 years. Patients unable to attend the visits were sent the questionnaires as it
was done for their general doctors at the end of the study in September 2007 [254].0f the 2729 patients
assigned to receive intensive therapy 489 (17,5%) had died at the end of the trial 1997 and of the 2118
available for the post-trial follow-up,674(31,8%) died within the 10 years and 1010(37%) completed
the 10 year-monitoring. Of the 1118 patients allocated to the conventional therapy (diet only) 213
(19%) at the end of the trial 1997 and further 324 (36,8%) of the 880 available,324 died during the post-
trial follow-up study 379 completed the post-trial monitoring (33,3%).While 48% of the patients
allocated to the conventional therapy had died at the end of the post-trial monitoring the data
available from the group of those patients allocated to the diet and intensive therapy allows the
conclusion that 49,3% died within the 30 years of the two trials[254].0f the 342 patients allocated to
the intensive therapy with metformin, 50 died during the UKPDS-trial and 279 were available for the
10 year-follow-up trial. Of those 102 died (29,8%) and 136 (39,8%) completed the post-trial monitoring
when 44,4% of the originally allocated patients had died.

While the mean age did not differ between the two groups (conventional vs intensive therapy)
body weight and the fasting glucose and the glycated hemoglobin value were similar, more patients
allocated to the intensive therapy were receiving a combination of oral and insulin therapy (64%)
than those who had originally allocated to the conventional therapy (46%).In addition creatinine
serum level in those allocated to intensive therapy with metformin was 15% higher than that in the
conventional therapy group. Unfortunately, failure to adhere to the main curative intervention in
overweight patients, namely dietetic restriction, has not been discussed as the attention was
concentrated on drug administration.

The question of adherence to therapy in type 2 overweight/obese elderly patients has
concentrated more on the drug prescription and less on the curative dietetic therapy.

The aggressive approach for improvement of adherence has been justified by a calculation of a
possible reduction of expenses for additional drug costs and for management of comorbidities
attributed mainly to the glycemic control considered a chronic disease on itself [265,266].

Although the introduction of extended release (ER)-metformin may have improved tolerability
and adherence to the compound uptake, its superiority in glycemic control is not demonstrated [267].

It is however still the question of the costs of the long-term consequences of administration of a
compound which can be considered to act as a laxative (and a diuretic) by withdrawing water from
the intestine and from the systemic circulation in elderly obese dehydrated patients with an increased
basal lactate serum level (still within the normal range).

Furthermore, the question is justified if it is rational to try to increase adherence to metformin
therapy in the attempt to eliminate the , barriers “especially when the cause of non-adherence is the
large number of side effects especially when prescribed without paying attention to the numerous
contraindications [265]

6. Contraindications
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Every clinical decision nowadays is based on literature justification [268] called evidence-based
decision. This attempt to reduce healthcare costs was thought to be objective and led to the
development of guidelines, which could be followed worldwide. The basis for the development of
evidence has been (multiple) multicenter (possibly international) prospective randomized, double-
blind trials mostly financed by the pharmaceutical industry, whose results were published in
international journals. The results should have been acceptable for national and international state
release authorities, at first the American Food and Drug Administration (FDA) which regularly
discusses the structure of the trials in advance.

In the last decades it has become clear that clinical trial conditions are often different from the
,real world “application of the results obtained under study conditions [268] as it immediately
happened after the release of metformin 1995/1996 [228,229) when only healthy overweight relatively
young diabetics were included in the two prospective trials. Those results should be a guide for the
clinician who is asked to judge the advantages compared to the possible disadvantages of the drug
before prescribing it to his patient. To achieve this goal the clinician, however, must have knowledge
about literature and about the criteria which have led to choosing the recruitment of the study
patients at the beginning of the randomization process. It is, on the other hand, clear that it is almost
impossible to have the results of at least one prospective trial available for each clinical situation in
each single patient.

In fact, often results from retrospective analysis (especially those published after the release of
a drug), are used even for guideline purposes. Such studies are used to perform and publish meta-
analyses in the attempt to answer so far unaddressed questions, often extrapolating the answer to the
,,special question “from subgroup analysis with doubtful statistical significance.

Despite the long history of the use of synthetic biguanides as oral antidiabetic drugs in
overweight/obese diabetics and of the common side effects, the basis for the interpretation of these
side effects and for what is considered the real danger arising from administration, namely lactate
acidosis (as sign of anaerobic glycolysis and hypoxia caused by dehydration) is still considered to be
unclear [173].

It is still not yet clear how orally administered metformin (and other biguanides) cause the main
side effects, namely, abdominal discomfort, nausea, vomiting, loss of appetite, bad taste (paralleled
by intestinal lactate production!).

Although metformin is the most prescribed oral drug for diabetes type 2 in obese patients
worldwide, the other two biguanides buformin and phenformin are still available in many countries
outside of the USA such as Europe, South America, Asia [269], the controversy about the fundamental
question and the real reasons of avoiding metformin (and the other biguanides) therapy is still
ongoing.

L-lactate is a product of anaerobic glycolysis taking place mainly in the muscle even under
normal conditions [270],its clearance takes place mainly in the liver where it is converted into glucose
(under fasting conditions) with a potential increase of the capacity of the normal liver up to six fold
[178,235,271].Lactate however increases also after a meal [272] and the increase seems to be due to
increased release from the liver [273].

Serum lactate concentration is increased after exercise especially after meal in overweight type
2 diabetics [250].

A recent report underlined the importance of the hydration status when judging the effect of
exercise on the lactate serum concentration even in young non-obese people [275].

The clearance capacity of the liver can be temporarily impaired only by a strong reduction of the
blood flow into the liver (over 75%) by an acute-phase situation induced by endotoxemia [251] or
massive liver failure. On the other hand, about 30% of lactate is cleared by the kidney and every acute
condition reducing this capacity will induce an increase of serum concentration of lactate, which
however is not the cause of the clinical picture which is characterized by the massive reduction of the
blood volume resulting in hypotonia and diffuse peripheral tissue hypoxia.
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Chronically reduced kidney function will contribute to an increase of lactate blood concentration
only in the contemporary presence of a reduced clearance capacity of the liver. Normal liver function
could lead to an underestimation of the danger of incipient kidney failure.

Elderly (above 60 years of age) overweight/obese type 2 diabetics represent the largest group of
diabetics type 2 [275]. They suffer from potential dehydration [276] and subclinical hypoxia.

Doar and coworkers [277] after having shown that fasting blood lactate level is higher in obese
than in non-obese subjects independently of their glucose tolerance test-results, they demonstrated
that the level of lactate remains elevated in the diabetics (maturity onset with a mean age of 50 years)
after glucose administration up to the end of the test. Removal of infused lactate was impaired in
obese type 2 diabetics but not significantly impaired in obese nondiabetics (mean age 25.4 years)
although the fasting lactate levels were similar. Increasing dehydration has been found with
increasing age , weight and metabolic syndrome conditions which may serve as explanation for
fasting and postprandial increased lactate levels [277].1t is therefore understandable that conditions
leading to a worsening of peripheral oxygen delivery due to further reduction of blood volume may
precipitate the clinical picture of hypovolemia and shock outside of septicemia and sepsis, such as
therapy with diuretics like furosemide and/or with laxatives frequently used in depressed
constipated elderly diabetics[278-280].These conditions may all have in common the last
consequence of fluid withdrawal from the systemic circulation through the skin (e.g. heat) [281,282],
kidney (diuretics) or intestine ( chronic diarrhea induced by laxatives and other drugs e.g.
metformin)[283-285] even be responsible for clinical pictures like mesenteric ischemia [286-289].

Metabolic acidosis induced by increased production of lactate in the hypoxemic peripheral
tissues (subclinical dehydration of the obese elderly diabetic type 2) and/ or reduced clearance mainly
by decreased kidney function (mainly prerenal due to dehydration) may become a marker of acute
clinical worsening due to sudden fluid loss in case of an acute illness, like viral infections of the
respiratory tract as it may be the case for influenza- or Coronavirus-infections [290] or of the
gastrointestinal viruses like noroviruses. Hypovolemic shock may be the common clinical emergency
complicated by the so-called multiorgan failure such as acute kidney failure (AKI) and pulmonary
insufficiency (ARDS) [289290].

It is important to clearly identify the cause of the emergency in order to start with the proper
therapeutic approach intended first to gradually reestablish the normal hydration and blood volume
by administration of fluids and of albumin. It is not necessary to administer bicarbonate in the
assumption that acidosis is the cause of the clinical emergency condition [291].Under these
preconditions the use of  substances like biguanides represents an unjustified danger for the
diabetics when considering the long list of contraindications beginning with the age and the body
mass index higher than that of the two main prospective studies [140,142] which should be added to
the long list published by Sulkin et al 1997 (292) besides dehydration, obstipation, depression and
polypharmacy.

7. Conclusions

Metformin, the latest and most often prescribed biguanide to overweight/obese, mostly elderly
type 2 diabetics does not seem to differ from the previous biguanides used as oral antidiabetics. The
mechanisms of serum glucose-lowering effect and the acute-and long-term consequences are like
those of conventional laxatives apart from abdominal symptoms and the taste and appetite
disturbance frequently caused by biguanides. Dehydration, prerenal kidney injury and worsening of
lactate acidosis (as marker of hypoxia) are the most serious and, for older multimorbid patients, life-
threatening consequences of protracted metformin therapy (Figure 6). Rehydration is the first
mandatory therapeutic intervention.
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ORAL BIGUANIDES*:

(Synthalin ,Buformin,Phenformin,Metformin

/EDEPENDENT{D.SS g;fgm\

INHIBITION OF INTESTINAL ABSORPTION ACUTE SIDE EFFECTS:
OF GLUCOSE gastric/abdominal

=ELIMINATION OF GLUCOSE AND FAT FROM THE FOOD
-LO55 OF BLOOD-GLUCOSE THROUGH THE LIVER
INTO THE INTESTIMNAL LUMEM AND

-ELIMINATION OF METFORMIN AND
- LOS5 WATER SIMILAR TO LAXATIVES.
malaise, vomiting
diarrhea, loss of appetite,

loss of body weight,

dehydration, hypotension

pre-renal kidney ,injury”ischemic tissue

injury and lactate production (as sign).

Fluid-and Albumin-administration indicated

In cases of suicide attempt with biguanide-overdose:
gastric lavage and intestinal cleansing with e.g. lactulose

through naso-intestinal tube, abundant fluid- and albumin- administration

Figure 6. Graphical Abstract of the content of the review.

*Physicochemical characteristics of biguanides

-small molecules

-strongly basic and water-soluble

-strongly hygroscopic

-not protein-binding

-no metabolic change induced by the plasmatic biguanides

-complete elimination from the blood (through the kidney, faster (5x) than creatinine) by inducing

sodium and water loss into the urine
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and from the intestine (40-70%) accompanied by water loss

-compound in the urine and in the stool unchanged (no biotransformation-process)
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