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Abstract: Background: The liver is the major metabolic clearance organ for chemical agents from
the human body.

Pregnancy is associated with several physiological changes that may affect one or more of these
factors, and also induces changes in the hepatic clearance of certain drugs. The aim of this paper
was to review some of the currently available information in the field to provide some insights
about the relevance of these changes on the clearance of some drugs.

Methods: A comprehensive literature search was carried out to identify eligible studies from
MEDLINE/PubMed, EMBASE and SCIELO databases through 1970 first semester.

Results: Gestational Diabetes Mellitus (GDM) is a frequent disease commonly associated with
other entities as obesity, hypertension, dyslipidemia, non-alcoholic fatty liver disease, pro-
thrombotic conditions, changes in intestinal microbiome. These entities, together with the glycemic
fluctuations associated with GDM might affect the determinants of the hepatic clearance (hepatic
blood flow, the unbound fraction of drugs, and the hepatic intrinsic clearance).

GDM is frequently associated with multi-drug treatments. While many of these drugs are cleared
by the liver, little is known about the clinical relevance of these GDM associated pharmacokinetic
changes.

Conclusion: Considering the frequency of the disease and the effects that these pharmacokinetic
changes might have on the mother and child, the need for further research seems advisable. In the
meantime, cautious clinical judgment in the management of drug administration in women affected

by this disease is recommended.
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1. INTRODUCTION

The liver is the major metabolic clearance organ for
many endogenous and exogenous chemical agents from the
human body. Many drugs are extensively metabolized (bio-
transformed) within the liver, generating more polar or Ay-
drophilic compounds that can be more easily eliminated
from the organism. These metabolites may be completely
inactive, less equally, or more active than the parent com-
pound. The liver’s ability to effectively eliminate drugs from
the organism can be measured through the determination of
the hepatic clearance. The hepatic clearance of a pharmacol-
ogical agent is the volume of plasma from which a drug is
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completely removed during its passage through the liver per
unit of time [1, 2].

The hepatic clearance of a specific drug with first-order
elimination kinetic relies on three factors: 1) the hepatic
blood flow, 2) the fraction of drug in the blood that is not
bound to proteins, and 3) the ability of the hepatic enzymes
to metabolize or bio-transform the drug, which is commonly
defined as the hepatic “intrinsic clearance” (CLint) [1-3].

When a drug is to be removed by the liver, hepatocytes
only uptake the free (unbound) drug that circulates in the
hepatic bloodstream.The total hepatic blood flow results
from the sum of the portal plus the hepatic arterial blood
flow. Different enzymatic systems located within hepato-
cytes metabolize the agents with a determined drug-
metabolizing capacity. CLint is thus characterized as the
ability of the liver to remove an agent in the absence of flow
limitations or binding to cells or proteins in the blood [1-3].
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For some drugs (e.g., propranolol, morphine), hepatic elimi-
nation is mainly (or only) limited by the degree of hepatic
perfusion (high extraction rate drugs). In other cases (e.g.,
diazepam), the depuration rate is limited by the intrinsic ca-
pacity of the liver metabolizing enzymes and the unbound
fraction of the drug [1-3]. The extraction ratio (ER) refers to the
fraction of a substance taken up from the hepatic circulation
into hepatocytes, making it available for biotransformation.

Pregnancy is associated with several physiological
changes that may affect one or more of these factors, and
also induces changes in the hepatic clearance of certain drugs
[4]. These alterations may result in altered therapeutic or
toxic effects of some drugs and/or may necessitate dosing
modifications to achieve the desired therapeutic doses [4].

While normal pregnancy is associated with these phar-
macokinetic changes, pregnancy-associated diseases might
be linked to even more pronounced alterations that may re-
sult in damaging effects for the mother, the fetus, or even the
newborn [5]. Gestational diabetes mellitus (GDM) is a fre-
quent complication observed in pregnancy. It is usually de-
fined as a type of diabetes with onset or first recognition
during pregnancy. Its prevalence varies according to the di-
agnostic criteria applied, ethnicity, personal and family his-
tory, and other factors, and may result in relevant additional
changes in the hepatic clearance of several drugs. According
to data from the Center for Disease Control and Prevention
(CDC) of the United States, GDM might affect close to 10%
of all pregnancies [6], whereas other countries report preva-
lence rates of up to 15% [7]. GDM accounts for 85% to 90%
of all cases of diabetes in pregnancy [7]. Diabetes is per se
associated with some changes in the general pharmacokinetic
behavior of some drugs and their hepatic clearance. Several
mechanisms, such as the glycosylation of proteins (plasma
proteins, receptors, enzymes and other), oxidative stress, and
the effects of some cytokines and growth factors might ex-
plain some of these changes [8, 9]. Nevertheless, many ques-
tions related to diabetes-induced kinetic modifications re-
main unanswered.

Likewise, limited evidence is available regarding the
GDM-associated changes that can affect the hepatic clear-
ance of drugs, as well as its consequences in the clinical
arena. The aim of this paper is to review some of the cur-
rently available information in the field, as well as to provide
some insights about the potential importance of these GDM-
associated changes on the hepatic clearance of some relevant
drugs frequently used in clinical practice.

2. MATERIALS AND METHODS

A comprehensive literature search was carried out to
identify eligible studies from MEDLINE/PubMed, EMBASE
and SCIELO databases through 1970 first semester. Two
review authors independently selected studies and extracted
relevant data from included studies. The keywords used and
their combinations can be divided into two groups: disease
related section search (‘gestational diabetes’, ‘pregnancy and
diabetes’, ‘obesity and pregnancy’, ‘fatty liver disease and
pregnancy’, ‘hypertension and pregnancy’), and pharmacol-
ogy section search (‘pharmacokinetics and pregnancy’,
‘pharmacokinetics and diabetes’, ‘pharmacokinetics and
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obesity’, ‘pharmacokinetics and hypertension’, ‘drug me-
tabolism and diabetes’, drug metabolism and pregnancy’,
‘drug metabolism and obesity’, ‘drug metabolism and fatty
liver disease’).

3. PREGNANCY-ASSOCIATED FACTORS THAT
MODIFY HEPATIC CLEARANCE UNDER NORMAL
CONDITIONS

Normal pregnancy is associated with several physiologi-
cal changes that may affect the hepatic clearance of some
drugs. These changes can affect some of the key factors that
determine the hepatic clearance in a drug-dependent manner.

3.1. Changes in Hepatic Perfusion

Pregnancy is associated with an increase in total body
water, as well as extracellular fluid expansion [10]. As a re-
sult, the distribution volume of hydrosoluble drugs is en-
hanced (in addition, an increase in the fat mass may also
affect the distribution volume of lipophilic agents). The
plasma volume also increases by approximately 40%. In
parallel, an increase in cardiac output is commonly observed.
This increase in heart output reaches its steady state by the
16th week of gestation [11], persisting at nearly 7 liters until
the end of the pregnancy. The stroke volume starts to aug-
ment at the 20th week of gestation and the maternal heart
rate may reach a mean of 90 beats/min at rest in the third
trimester [12]. The hepatic blood flow also seems to be aug-
mented. This effect might result in an increased elimination
of perfusion-dependent drugs. Nakai et al. [13] found that
liver blood flow is increased during the third trimester of
pregnancy, mainly driven by an increased flow through the
portal vein (up to 150%), with smaller changes in flow
through the hepatic artery. Higher values of flow velocity
have been observed in the portal vein during pregnancy, with
a significant decrease postpartum [11]. Some factors may
explain these changes, including modifications in cardiac
output as well as a significantly decreased systemic vascular
resistance during pregnancy [11]. The hepatic artery resis-
tance indices seem to be decreased during the third trimester
of pregnancy. This finding may be the expression of a sys-
temic arterial vasodilatation occurring in normal pregnancy
[14]. Nevertheless, some other authors have failed to detect
any relevant changes in the hepatic blood flow [14].

3.2. Changes in the Unbound (Free) Fraction of Drugs

Pregnancy is associated with profound modifications in
plasma protein concentrations. It is widely recognized that
albumin and alpha-1 acid glycoprotein concentrations de-
crease during the pregnancy; especially from the second tri-
mester [10]. These decreased concentrations are also associ-
ated with a reduction in protein binding for highly bound
drugs. An increased concentration of unbound drug may be
registered for high ER agents. Under usual conditions, only
the unbound drug is active: this augmented free fraction may
result in an increased pharmacological effect for some of
these high ER drugs [10]. In the case of low ER drugs, the
total plasma concentrations may underestimate unbound or
free drug concentrations, as demonstrated for some anti-
epileptics, like phenytoin and valproic acid. As only the free
fraction is active, the monitoring of these drugs based on
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total plasma concentrations may misestimate their pharma-
cological effect [5, 15].

3.3. Variation in Enzyme Mass and Activity During
Pregnancy

As mentioned, pregnancy is associated with relevant
changes in plasma volume, glomerular filtration rate, body
water and fat mass (and fat mass distribution). All these fac-
tors induce modifications into the distribution volume of
drugs. As the total clearance of a pharmacological agent re-
sults from the product of the distribution volume and the
elimination constant of the drug, it is always difficult to at-
tribute any change in the clearance value to just one of these
individual factors. Then, the assessment of the contribution
of the pregnancy-induced changes on the hepatic CLint as-
sumes relevance, even when these modifications were of
difficult exploration and interpretation. Variations in the ex-
pression of hepatic metabolizing enzymes and in their re-
spective activities during pregnancy have been detected, al-
though their effect on pharmacokinetics and on clinical prac-
tice still requires further clarification [5, 10].

Changes in the cytochrome P450 (CYP) system in preg-
nancy have been reported by several authors [5, 15, 16].
CYP families and subfamilies constitute the predominant
oxidative enzyme system involved in the removal of xenobi-
otic compounds in humans. In mice, the activity of CYP3Al
(evaluated through changes in roxithromycin concentrations
over time) seems to be increased in pregnant mice on the
16th day of gestation. The level of CYP3A1l was signifi-
cantly lower in fetal liver compared with that in the maternal
liver [17]. In women, reduced CYP1A2 activity has been
reported during pregnancy compared to postpartum values
[16], with a reduction of 33% at the first trimester and reduc-
tions of 48% and 63% for the second and third trimesters,
respectively. An increase in CYP2D6 activity has been re-
ported compared to postpartum levels: an increase of 26%
between 14-18 weeks of pregnancy and increases of 35% at
24-28 weeks and 48%over the 36-40 week period [16]. Also
in women, CYP3A4 activity seems to consistently increase
by 35% to 38% overall trimesters. CYP3A4 is the most im-
portant enzyme isoform for drug metabolism in humans.
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CYP2D9 activity is also clearly incremented, which results
in reduced concentrations of several drugs, like phenytoin,
some anti-inflammatory agents, metoprolol, and antidepres-
sants, such as glipizide and glibenclamide [5, 16] (Table 1).
The salivary clearance of caffeine was used as a measure of
CYP1A2 activity and the dextromethorphan O- and N-
demethylations were used to document CYP2D6 and
CYP3A activity, respectively [16]. Enzyme induction by
estrogen and progesterone has been postulated as a basic and
general mechanism for the positive changes observed in
some of the CYP enzyme families. The glucocorticoid recep-
tor, the pregnane X receptor (PXR), and the constitutive an-
drostane receptor mediate CYP2C9 gene induction in hu-
mans; both dehydroepiandrosterone (DHEA) and dex-
amethasone have been demonstrated as active CYP2C9 in-
ducers [18]. Nevertheless, CYP2D6 seems to be resistant to
the inductive effect of many xenobiotics (e.g., rifampin, phe-
nobarbital, dexamethasone) and it is unclear whether the
hormonal environment during pregnancy may contribute at
least in part to this phenomenon. Similarly, the behavior of
CYP1A2 is difficult to explain based on the inducing effect
of steroidal hormones during pregnancy.

Although only 1.0% to 4.5% of the total hepatic CYP
content, the CYP2D6 isoform metabolizes over 160 drugs
[19]. In another study on pregnant women, a decreased area
under the plasma concentration-time curve and total expo-
sure to ondansetron across gestation was attributed to in-
creased activity of CYP3A4 and CYP2D6 during pregnancy
[20]. Other changes in CYP enzymatic activity have been
reported, for example CYP2A6 activity seems to be in-
creased in pregnancy, whereas there is a reduction in the
activity of CYP2C19 [5].

Pregnancy is also associated with changes in other he-
patic metabolizing systems. Uridinediphosphate-
glucuronosyltransferases (UGT) activity seems to be notably
altered during pregnancy. Changes in the pharmacokinetic
profile of lamotrigine suggest that an increase in the activity
of UGT1A4 favors an augmented formation rate of glucu-
ronide conjugates [5]. While the increment in UGT1A4 ac-
tivity seems to be consistent among different studies, vari-
able results have been reported with regard to changes in

Table 1. Modifications of CLint associated with pregnany and diabetes. Selected examples.
Changes in Enzymes Other Relevant Changes CLint Refs.
Glibenclamide 1 CYP2A9 1 Unbound Fraction (?) 1 [5,16,37,38,41,42]
Metoprolol 1 CYP2D6 1 Unbound fraction 1 [15]
Labetalol 1 UGT1A1 Deeper changes on one of the stereoisomers (?) 1 [31,32]
Nifedipine 1 CYP3A4 in pregnancy Unknown [34, 35]
| CYP3A4 in diabetes (?)
Phenytoin 1 CYP2C9 1 Unbound fraction 1 [15]
Lamotrigine 1 UGT1A4 1 [15]
Cortisol 1 CYP3A4 I [15]
Proguanil 1 CYP2C19 Unknown [15]
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UGT2B?7 activity, which is involved in the biotransformation
of morphine, zidovudine, and other agents during pregnancy
[5]. Very limited data are available for N-acetyltransferase
2(NAT?2) activity in pregnancy [5].

In summary, available data suggest that pregnancy is
associated with an increased enzymatic activity of CYP3A4,
CYP2D6, CYP2C9, CYP2A6, UGT1A4, and UGT2B7;
whereas, the activity of CYP1A2 and CYP2C19 seems to be
consistently reduced.

3.4. Pregnancy-induced Modifications of Concentration-
time Curves

In a systematic review of a total of 198 studies involving
121 different medications, pregnancy-associated changes in
different pharmacokinetic parameters and concentration-time
curve indicators were extensively explored [4]. Studies on
the following drug classes were included: antiretroviral
agents (54 studies), antiepileptic drugs (27 studies), antibiot-
ics (23 studies), antimalarial drugs (22 studies), and cardio-
vascular drugs (17 studies). An enhanced drug elimination
and decreased exposure to total drugs (bound and unbound
to plasma proteins) were the most relevant findings for many
of these studies, which is consistent, as expected, with the
changes due to altered distribution or elimination at a given
dose [4]. A very high variability in elimination rates was
noticed for most of the agents. In addition, the association of
these alterations with concentration/time curves and clinical
responses, effects, and outcomes remains unknown.

4. GESTATIONAL DIABETES-ASSOCIATED
CHANGES IN THE HEPATIC ELIMINATION OF
DRUGS

GDM and its comorbid conditions may intrinsically af-
fect the hepatic clearance of some pharmacological agents.
GMD is linked to overweight/obesity, non-alcoholic fatty
liver disease, an altered intestinal microbiome, systemic in-
flammation, pregnancy-associated hypertension, and glyce-
mic alterations (among other factors).

CYP pathways seem to be modulated by changes in gly-
cemia. In micro patterned co-cultures of primary human he-
patocytes, hypo- and hyperglycemic states were associated
with changes in expression and activity of some CYP iso-
forms [21]. After several days of exposure to hypoglycemic
culture medium, CYP1A2, CYP2B6, CYP2C19, and
CYP3A4 gene expression were increased by 2- to 4-fold as
compared to normoglycemic controls after a 10-day incuba-
tion period [21]. After 18 days, an increased expression of
CYP2D6 and CYP2E1 were also observed [21]. Accord-
ingly, CYP1A2, CYP2D6, CYP2EIL, and CYP3A4 activities
were increased by a factor of 1.3 to 1.6 under prolonged hy-
poglycemic-like conditions [21]. Instead, under hyperglyce-
mia-like conditions, an increase in CYP2A6 transcripts at
day 10 was observed, while at day 18, up-regulations of
CYP1A2 and CYP2D6gene expression were observed, with
a reduction in CYP21E expression when compared to con-
trols [21]. Nevertheless, CYP3A4 activity was reduced by 40
% after 4 days of hyperglycemic exposure [21]. An impor-
tant message from these experimental results is that chronic
hypoglycemic-like environments seem to be associated with
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increased CYP3A4 expression and activity, whereas condi-
tions mimicking hyperglycemia seem to be correlated with a
reduction in CYP3A4 activity. Gestational diabetes is fre-
quently associated with relevant variations in glycaemia that
could be linked to significant changes in the liver enzymatic
activity. Nevertheless, caution should be exercised in ex-
trapolating these in vitro results to human beings. Time-of-
exposure to hypo or hyperglycemic conditions in humans is
unknown, and the influence of other co-variates frequently
associated with gestational diabetes (for instance, inflamma-
tory microenvironment, hepatic lipid accumulation, preg-
nancy hormone effects,changes in hepatic blood flow) are
still to be elucidated.

The increase in expression of different CYP enzymes
under hypoglycemia might be explained by the up-regulation
of the expression of nuclear receptor subfamilies (NR), more
specifically, that of the constitutive androstane receptor, the
pregnane X receptor, and the aryl hydrocarbon receptor [21].
NRs are sensitive to the cellular energy status and their ac-
tivities might vary accordingly. In the above-mentioned ex-
perimental model, hyperglycemic conditions were associated
with a relevant accumulation of neutral lipids including
triglycerides and cholesterol esters. An increased expression
of FASN and SREBP1 genes may represent a potential ex-
planation underlying this phenomenon [21].

As mentioned before, hyper and hypoglycemic episodes
are frequent in GDM; nevertheless, the intensity and dura-
tion required to translate into CYP changes remain obscure.
Fluctuations on these effects on CYP might be also expected.

Obesity and non-alcoholic fatty liver disease are fre-
quently present in patients with GDM as pre-existing condi-
tions. In a guinea pig model, high fat diet plus high fructose
or glucose was associated with a reduction in CYP3A4 ex-
pression and mass [22]. Primary human hepatocyte cultures
from steatotic livers showed a 50% reduction in CYP1A2,
CYP2A6, CYP2B6, CYP2C9, CYP2EL, and CYP3A4 ac-
tivities [23]. In human steatotic liver samples, CYP3A4 re-
flected a similar reduction in activity [23]. In a more ad-
vanced stage of non-alcoholic fatty liver disease, the in-
flammatory component might play a relevant role. A possi-
ble inflammation-associated induction of the pregnane X
receptor has been suggested [23]. Nevertheless, this effect
seems to be minor and its relevance warrants further clarifi-
cation.

Overweight and obesity are associated with changes in
the intestinal microbiome. This altered microflora composi-
tion (“dysbiosis”) may result in mild inflammation, altera-
tions in the intestine-endocrine and gut-liver axes, energy
yield and utilization, immunity, efc. [24]. In obese and over-
weight pregnant women, insulin concentration was posi-
tively correlated with microbes of the Coriobacteriaceae
family (more specifically, the genus Collinsella) [25]. Simi-
lar positive correlations were found for C-peptide and the
insulin resistance index (HOMA-IR). The abundance of
Collinsella was also reported in non-pregnant diabetic sub-
jects [25]. Maternal triglycerides and very-low-density lipo-
protein (VLDL) cholesterol were positively correlated with
the presence of this genus [25]. In parallel, the presence of
excessive levels of members of the Ruminococcaceaetamily
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in early pregnancy might be also related to adverse metabolic
health [25]. These changes might promote a systemic pro-
inflammatory environment as well as several modifications
in the expression of CYP and other enzymatic systems at the
intestinal wall and in microsomes of hepatic cells [26].
CYP3A, CYP2C9, CYPI1A, and CYP2D6 are expressed in
the intestinal wall and microbial metabolites can either in-
duce or inhibit these enzymes, or act as substrates of these
metabolic systems [26]. The composition of the microbiome
has a clear influence on entero-hepatic cycling of many
molecules, as has been demonstrated for contraceptives.
Substances cleared by glucuronidation, sulfation, or conjuga-
tion to taurine or glycine (e.g., estrogens, digitoxin, mor-
phine) might see their elimination rates modified in correla-
tion with the microbiome composition [26].

Inflammation per se may be associated with modifica-
tions in hepatic clearance. Several changes have been identi-
fied in different models of steatohepatitis [23]. Pro-
inflammatory cytokines can alter transporter expression and
interfere with the access of drugs to hepatocytes and/or their
canalicular elimination [23]. Increased levels of the trans-
porter BCRP (Breast cancer resistance protein) were ob-
served in liver samples of patients with non-alcoholic steato-
hepatitis [23]. Organic cation transporter 1 (OCTI1,
SLC22A1) is a key transporter responsible for the hepatic
uptake of metformin, which is increased in high-fat diet
obese animal models [23]. Nevertheless, the clinical implica-
tions of these findings remain obscure. Numerous data indi-
cate that an increased expression of multiple efflux trans-
porters on hepatocytes and an altered cellular localization in
some individuals with steatohepatitis result in relevant al-
terations of hepatic elimination of some agents [23]. Chronic
inflammation may be associated with fibrosis. It has been
reported that the hepatic extraction and liver distribution
ratio of metoprolol and atenolol are both increased in animal
models of steatohepatitis [23]. Sinusoidal fibrosis may play a
role in at least part of these effects [23]. Moreover, epige-
netic changes may represent a mechanism involved in the
modifications observed in steatohepatitis. More specifically,
shifts in DNA methylation seem to be responsible, at least in
part, for these metabolic changes [27].

Alterations in the hepatic clearance of certain agents
might have implications for the correct dosing of drugs in
pregnant women with diabetes. The combined effects of
pregnancy diabetes and their co-morbidities on CLintare
complex (Table 1), may fluctuate along the disease and
might have clinical relevance. Nevertheless, limited data are
available regarding the potential pharmacokinetic modifica-
tions that might affect the behavior of most drugs frequently
used in women with gestational diabetes. In at least one
study in patients with steatohepatitis, midazolam concentra-
tions were increased by a factor of 2 when compared with
controls [28]. As midazolam is a CYP3A4 substrate, a reduc-
tion in CYP3A4 activity due to a proinflammatory environ-
ment might explain these changes in concentration.

Metoprolol is a beta-adrenergic blocker agent that is
mainly metabolized by CYP2D6. It exhibits a high ER and
hepatic blood flow and cytochrome activity affect its altered
hepatic clearance during pregnancy [15] (Table 1). An in-
creased clearance was observed after intravenous administra-
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tion, whereas peak concentrations of the drug were reduced
by a half or less when compared to postpartum values [29].
Hypothetically, the previously described changes in CLint
due to hepatic fat accumulation, inflammation and/or hyper-
or hypoglycemia might affect its pharmacokinetic profile.

The alpha- and beta-adrenergic blocker labetalol is used
to treat hypertension in pregnancy. It is glucuronidated by
the liver through the UGTIA1 system [15], which is up
regulated by progesterone, but not by estrogen. The oral
clearance of labetalol is increased by 30% during the third
and second trimesters of pregnancy, and the elimination half-
life after an intravenous administration of the drug seems to
be significantly reduced at the third trimester when com-
pared with non-pregnant values for adults [30]. This increase
in CLint was also observed in women with pregnancy-
induced hypertension [31]. Labetalol activity is determined
by the combined action of different stereoisomers [32], some
displaying more beta-blocking activity whereas others exert
more alpha-blocker effects. In patients with GDM, it has
been suggested that this augmented hepatic clearance might
have a greater influence on the beta-blocking stereoisomer of
the racemic mix, which might result in an imbalanced effect
on the sympathetic receptors compared to normal conditions
[32] (Table 1).The clinical implications of these changes
remain unknown. A study conducted on women with well-
controlled GDM showed an enantioselective kinetic disposi-
tion of metoprolol, with no difference when compared to
normal controls [33].

It has been suggested that increased CYP3A4 activity
may be responsible for the augmented first pass effect ob-
served for nifedipine, a calcium channel blocker, in pregnant
women after oral administration of the drug [34]. The clear-
ance of nifedipine seems to be up to 4-fold higher during
pregnancy and is associated with a markedly reduced termi-
nal half-life [34]. However, type 2 diabetes may be associ-
ated with a reduction in CYP3A4 activity, at least in some
patients. A recent study was conducted in 12 hypertensive
pregnant women (control group) and 10 hypertensive preg-
nant women with controlled type 2 diabetes taking slow-
release nifedipine. On the 34th week of gestation, this study
failed to demonstrate any relevant diabetes-induced altera-
tions in the pharmacokinetic profile of nifedipine [35]. This
neutral finding might be the net result of opposite effects.
Other calcium channel antagonists are metabolized by
CYP3A4 (diltiazem, isradipine), but the influence of preg-
nancy on the hepatic clearance of these drugs is unknown
[15].

Thirty to 50% of women with GDM require drug treat-
ment to keep their glycemic levels under control. Insulin is
considered the pharmacological treatment of choice for
women affected by GDM. Nevertheless, in recent years and
even under off-label indications, the use of oral agents likes
glyburide (or glibenclamide) for glycemic control in preg-
nant women has become more frequent. While it is effective
in treating hyperglycemia in GDM, some studies have raised
several safety concerns (such as hypoglycemia, higher rates
of macrosomia, pre-eclampsia, increased use of neonatal
intensive care, etc.) [36]. In addition, the pharmacokinetic
profile of glibenclamide in GDM is only partially under-
stood. In non-pregnant conditions, glibenclamide is charac-
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terized by high plasma protein binding (close to 99.5%) with
a total clearance of nearly 1.3 mL-min'l-Kg'l, being exten-
sively metabolized by the liver [37,38], and producing both
active and non-active metabolites [39]. The CLint of gliben-
clamide in maternal mice liver microsomes seems to increase
as gestation progresses [40]. The total clearance of this drug
is also significantly augmented in women with GDM [41,42]
(Table 1). An increased expression of the CYP3A/Cyp3a
gene appeared to explain this modification [41]. Glibencla-
mide crosses the placental barrier achieving fetal concentra-
tions at a term comparable with maternal levels. The fetal
hepatic metabolism of the drug seems to be mainly driven by
CYP3A7 towards the formation of the M5 metabolite [43].
This partial involvement of the fetus in the pharmacokinetics
of glibenclamide provides an indication of the complicated
drug metabolism to be expected in women with GDM. Im-
plications of this CLint increase on dosing in pregnant
women with GDM are unknown.

CONCLUSION

GDM is a frequent metabolic disease commonly associ-
ated with other diseases, such as obesity, hypertension,
dyslipidemia, non-alcoholic fatty liver disease, pro-
thrombotic conditions, as well as with some alterations of the
intestinal microbiome. All these entities, together with the
glycemic variations usually seen in these patients (both hy-
per- as well as hypoglycemic events) might affect the critical
determinants for the hepatic clearance of some drugs (he-
patic blood flow, the unbound fraction of drugs, and CLint).
Being a highly comorbid condition, GDM is frequently asso-
ciated with multi-drug treatments. While many of these
drugs are cleared by the liver, very little is known about the
intensity and clinical relevance of these GDM pharmacoki-
netic changes for most pharmacological agents. The effect of
interactions between the different co-morbidities usually
present in this complex condition (GDM) as well as drug-
drug (or even food-drug) interactions likely occuring in this
context remain unclear for most pharmacological agents. In
some cases, the effects on the hepatic clearance may result in
modifications of dose or treatment regimens. Taking into
account the frequency of the disease, as well as the effects
that these pharmacokinetic changes might have on the
mother and child, the need for further research seems crucial
and advisable. In the meantime, cautious clinical judgment in
the management of drug administration in women affected
by this multifactorial disease is highly recommended.
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