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Summary

This experimental study aimed to evaluate the safety of nelfinavir when administered in normal up to high doses during the entire
period of rat pregnancy. The renal and liver compartments of both mothers and fetuses were studied. For this purpose, three groups
of pregnant rats were treated with nelfinavir (E, = 40 mg/kg; E, = 120 mg/kg; E; = 360 mg/kg; no. = 10 in every group) from “zero”
up to the 20th day of gestation. These doses were divided into two daily administrations by gavage. Controls (no. = 10) received
distilled water in the same schedule. At term-pregnancy, the rats were deeply anesthesized and blood samples were collected for
alanine and aspartate aminotransferases, creatinine and urea determinations. Fragments of maternal and fetal livers and kidneys were
taken and processed for histopathological study. In all groups blood transaminases were within the normal limits, as were the levels
of creatinine and urea, thus indicating that the treatment with nelfinavir during the entire gestation was essentially devoid of liver
or kidney effects which could result in altered metabolic parameters. Morphological (light microscopy) studies revealed that no sig-
nificant effects of the drug could be detected regarding either maternal or fetal organs of the E, and E, groups. However, the mater-
nal hepatocytes in the E, group showed heterochromatic nuclei. In addition, there was some fatty infiltration, congested sinusoids
and portal dilatation. It is concluded that only doses of nelfinavir used during the entire gestation in doses well above the usual

human doses could be considered to be potentially hepatotoxic for the pregnant rat.
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Introduction

By December 2003 the World Health Organization esti-
mated that 40 million people were contaminated with
HIV - 37 million adults and 2.5 million subjects under 15
years of age. In the last 25 years acquired immunodefi-
ciency syndrome (AIDS) has become the main cause of
death in the age range of 15-59 years around the world.
In the early 1980s, the infection occurred in about 100
men per one woman. Later, this proportion was progres-
sively altered; currently a 3:1 and even a 1:1 man: woman
contamination rate in certain Brazilian cities can be
found. Among the 13-19 age group, however, that rela-
tionship may be inverted to be 1.2 females per 1 contam-
inated male [1]. When HIV infection occurs during the
reproductive years there is great concern about vertical
transmission, which may be responsible for as much as
80% of the HIV-positive cases in Brazil [2]. Thus, an
enormous effort has been directed towards finding effec-
tive antiviral agents; the importance of their safe use
during gestation should not be minimized [3].

By 1994 the results of the AIDS Clinical Trials Group
Protocol 076 pointed to a 67.5% reduction of HIV-verti-
cal transmission with the use of zidovudine during gesta-
tion and delivery [4]. The current consensus on this issue
is that the combined antiretroviral schedules must
contain, as much as possible, zidovudine and lamivudine
associated with nelfinavir or nevirapine. The choice for
each of these afore-mentioned drugs is based on gesta-
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tional age, degree of maternal immunodeficiency, viral
load, patient compliance and the use of other drugs. In
this context, nelfinavir has been proven to be effective as
an antiviral agent for gestational ages under 28 weeks and
for more severely immunodepressed women [5, 6].

Even if doses of nelfinavir as high as 1,000 mg/kg daily
from the 6th up the 17th day of rat gestation did not result
in embryo-fetal toxicity [7], the possibility of glucose
metabolism disturbances has been suggested [8, 9]. Thus,
the effects of nelfinavir when administered for the entire
gestation are a matter of concern. Accordingly, in the
present paper we evaluated the possible anatomo-func-
tional repercussions of nelfinavir administration during
the entire period of rat gestation on the livers and kidneys
of both maternal and conceptual compartments.

Material and Methods

Animals and treatments

The guidelines of the local Institution for the care and use of
animals were followed; these guidelines are similar to those of
the Canadian Council on Animal Care (CCAC) and the NIH’s
Institutional Animal Care and Use Committee Guidebook. The
experimental protocol was approved by the local Ethics Com-
mittee on animal experimentation. Female adult virgin EPM-1
Wistar rats were selected after three regular consecutive estrous
cycles and kept under specific pathogen-free conditions at a
constant day/night cycle (lights on 07:00-19:00). Animals were
fed Purina® pelleted rat food and tap water ad libitum. The
animals were mated in the proportion one healthy male to three
females overnight. The immediate 24-hr period after mating
was taken as day 0 of pregnancy if spermatozoids were detected
in vaginal smears [10]. Forty pregnant rats were then randomly
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divided into four groups with ten animals each, one control (C,
treated with the drug vehicle) and three experimental, drug-
treated groups: E,, E, and E; (treated daily with 40, 120 or 360
mg/kg of nelfinavir dissolved in destilled water, respectively).
Drug or vehicle were given in two daily divided administra-
tions. The treatment started on day O and continued until the
20th day of pregnancy.

Sampling

At term the animals were deeply anesthesized with ketamine
(100 mg/kg, IP) and xylazine (20 mg/kg, IP). At laparotomy, 4
ml of maternal blood was taken directly from the ventricular
chamber for further biochemical determinations: aspartate
(AST) and alanine (ALT) aminotransferases [11], creatinine
[12] and urea [13]. Maternal and fetal samples of livers and
kidneys were taken and fixed in buffered 10% formaldehyde for
further routine processing, hematoxylin-eosin staining and light
microscopy study.

Statistical analyses
The Kruskal-Wallis test for independent samples was used.

The statistically significant differences were further analyzed
by multiple comparisons (Dunn’s test) [14].

Results and discussion

With doses of nelfinavir similar to those used in
humans (40 mg/kg, group E,), the histological appear-
ance of maternal livers were indistinguishable from that
of the control group. In group E, some hepatocytes with
slight heterochromatic nuclei and low degree of fatty
infiltration were observed. In the group treated with the
highest dose (E,) signs of toxicity were evidenced by
many hepatocytes with heterochromatic nuclei and well-
established fatty infiltration (Figure 1); there was also
sinusoid congestion and dilatation of the portal spaces.
These findings indicate that nelfinavir displays a definite
dose-dependent hepatotoxicity as pointed out by Minkoff

Figure 1. — Photomicrograph of a typical histological section
of a rat liver from the group treated with nelfinavir (360 mg/kg
per day during the entire pregnancy) (group E;). Observe that a
large number of hepatocytes bear heterochromatic nuclei
(“Het”); also, a well-established fatty infiltration can be diag-
nosed in view of the high concentration of lipid vacuolization
(“Vac”). H&E staining (140 x).

& Hugenbraun [15]. Similar findings were described by
Sulkowiski et al. [16] in patients treated with that class of
drugs.

The histopathological pictures were only barely paral-
leled by the alterations of transaminases (Table 1). In
fact, group E; showed some, but not significant, increase
of hepatic ALT activity; in other words, it is presumable
that the hepatic alterations were maintained below the
levels needed to exceed the liver reserve capacity as it
occurs, for example, in hepatitis or hepatic cirrhosis [17].
On the other hand, since AST is highly represented in
extrahepatic tissues as well, the significantly raised levels
of blood AST activity (Table 1) — even in the group
treated with the lowest dose of nelfinavir (group E,) —
correlate well with the known adverse effects of this drug
at the muscle compartment level [18].

Table 1. — Transaminases (AST and ALT), urea and creatinine in
the blood at term (20th day) pregnant rats. Values are mean +
SEM of 10 determinations in duplicate.

Group AST ALT Urea Creatinine
u/L U/L mg/dL mg/dL

C 1757 +16.5 82.0+5.0 578+15 0.67+0.02

E, 2552+259* 77.8+28 599+25 0.80+0.03%*

E, 253.6+593* 89.1x98 583x21 0.69+0.03

E, 371.7+1437*% 101.3+123 53.1+1.5 0.62+0.02f

C (control) group animals were treated with drug vehicle (distilled water); the ex-
perimental groups (E,, E,, and E;) were rats treated throughout the entire gestation
with nelfinavir by gavage (40, 120 or 360 mg/kg per day, respectively, divided in
two daily administrations). In every group, no. = 10. * p < 0.05 for controls; ** p
<0.05forCand E;; ¥ p < 0.05 for E,.

AST = aspartate aminotransferase; ALT = alanine-aminotransferase.

Regarding the maternal kidneys, the absence of alter-
ations of cortical and medullary structures for all the
experimental groups is paralleled by unaltered renal func-
tion indices (Table 1). Blood creatinine values in the E,
group were slightly increased with regard to the other
groups, but the pharmacological meaning of this finding
is at present uncertain. It is conceivable that the relative
absence of nephrotoxicity may be due, at least in part, to
the low level of renal excretion of the drug. In fact, there
is no recommendation for dosing adjustments in patients
with renal insufficiency [19].

Although nelfinavir can cross the placental barrier, we
did not observe any architectonic alterations in fetal livers
or kidneys of the experimental groups. This can be
ascribed to the action of P-glycoprotein [20], a family of
transporter proteins with three members in rodents
(mdrl, mdr2 and mdr3) and two members in humans
(MDR1 and MDR?2). In rat placenta, P-glycoproteins are
expressed in the syncytial trophoblast [21], and act ot
exclude a series of chemically unrelated toxins and drugs,
including antineoplasic and protease inhibitors antiretro-
viral agents from the organism [22] by means of the ABC
family of transporters [23]. Expression of the protein is
proportional to duration of treatment and fall in intracel-
lular drug concentrations [24] in order to protect tissues
and systems from xenobiotics.

In conclusion, the administration of nelfinavir even in
high doses to rats during the entire pregnancy was
remarkably devoid of severe toxic effects on the blood,



Safety of nelfinavir use during pregnancy. An experimental approach in rats 165

liver or kidney compartments of both pregnant rats and
their concepts.

References

[1] Brasil. “Ministério da Satide. Programa Nacional de DST e Aids.
Consenso sobre terapia anti-retroviral em adultos”. Bol. Epi-
demiol. Aids., 1996. (http://www.aids.gov.br/udtv/combol.htm).

[2] Brasil. “Ministério da Satide. Programa Nacional de DST e Aids.

Dados de Aids”. Bol. Epidemiol. Aids., 2004. (http://www.aids.

gov.br/final/dados/BOLETIM2.pdf).

Watts D.H.: “Antiviral agents”. Obstet. Gynecol. Clin. North. Am.,

1992, 19, 563.

Connor E.M., Sperling R.S., Gelber R., Kiseley P., Scott G.,

O’Sullivan M.J. et al.: “Reduction of maternal-infant transmission

of human immunodeficiency virus type 1 with zidovudine treat-

ment”. N. Engl. J. Med., 1994, 331, 1173.

“Antiretroviral Pregnancy”. Registry International Interim Report.

1 January 1989 through 31 January, 2003 [online]

(http://www.apregistry.com/forms/exec_summary_07-03.pdf).

Brasil. “Ministério da Sadde. Guia de tratamento. Recomendacoes

para profilaxia da transmissdo vertical do HIV e terapia anti-retro-

viral em gestantes”. Brasilia; 2003 (Série Manuais no. 46 -

2002/2003).

[7] Burns-Naas L.A., Webber S., Stump D.G., Holson J.F., Masarjian

L., Zorbas M.: “Absence of embryo-fetal toxicity in rats or rabbits

following oral dosing with nelfinavir”. Regul. Toxicol. Pharma-

col., 2003, 38, 291.

Figueiré-Filho E.A., El Beitune P.,, Rudge M.C.V., Quintana S.M.,

Marcolin A.C., Duarte G.: “Efeitos das drogas anti-retrovirais sobre

o metabolismo glicidico e células de Langerhans de péancreas de

ratas Wistar prenhes”. Rev. Bras. Gin. Obst., 2004, 26, 369.

[9] Fan-Havard P., Lieb C., Cho E., Wylmer S.C., Monahan C.M.:

“Nelfinavir-induced glucose intolerance in pregnancy; placental

and fetal outcomes in rats” [abstract 134]. Am. Col. Clin. Pharm.,

2002, 1347.

Hamilton J.B., Wolfe J.M.: “The effect of male hormone substance

upon birth and prenatal development in the rat”. Anat. Rec., 1938,

70, 433.

[11] Tietz N.W.: “Clinical Guide of Laboratory Tests”. 3" edition,

Philadelphia: WB Saunders, 1995.
[12] Bartels H., Bohmer M., Heierli E.: “Serum creatinine determination
withouth protein precipitation”. Clin. Chim. Acta., 1972, 37, 193.

[3

—_—

[4

—

[5

—

[6

—

[8

[10

[13] Roch-Ramel E.: “An enzymic and fluorophotometric method for
estimating urea concentrations in nanoliter specimens”. Anal.
Biochem., 1967, 21, 372.

[14] Siegel S.: “Estadistica No-Paramétrica”. Mexico, Trillas (ed.), 1975.

[15] Minkoff H., Augenbraun M.: “Antiretroviral therapy for pregnant
women”. Am. J. Obstet. Gynecol., 1997, 176, 478.

[16] Sulkowski M.S., Thomas D.L., Chaisson R.E., Moore R.D.:
“Hepatotoxicity associated with antiretroviral therapy in adults
infected with human immunodeficiency virus and the role of
hepatitis C or B virus infection”. JAMA, 2000, 283, 74.

[17] Ozardali I., Bitiren M., Karakilcik A.Z., Zerin M., Aksoy N., Musa
D.: “Effects of selenium on histopathological and enzymatic
changes in experimental liver injury of rats”. Exp. Toxicol. Pathol.,
2004, 56, 59.

[18] Miller O., Ferreira A.C., Nery A.L.B., Barreto C.M., Pecego G.F.,,
Penteado J.F. et al.: “Laboratdrio para o clinico”. 7 edition, Rio de
Janeiro, Atheneu, 1991, 63.

[19] Izzedine H., Diquet B., Launay-Vacher V., Jouan M., Theou N.,
Deray G.: “Pharmacokinetics of nelfinavir in an HIV patient with
renal insufficiency”. AIDS, 1999, 13, 1989.

[20] Abou-Donia M.B., Elmasry E., Abu-Qare A.W.: “Metabolism and

toxicokinetecs of xenobiotics”. In: Derelanko M.J., Hollinger

M.A. (eds.): CRC Handbook of Toxicology, 2™ edition, Boca

Raton EL., CRC Press, 2001, 757.

Pavek P., Staud F., Fendrich Z., Skelenarova H., Libra A., Novotna

M. et al.: “Examination of the functional activity of P-glycopro-

tein in the rat placental barrier usinf Rhodamine 123”. J. Pharm.

Exp. Ther., 2003, 305, 1239.

[22] Abu-Qare A.W., Elmasry E., Abou-Donia M.B.: “A role for P-gly-
coprotein in enviromental toxicology”. J. Toxicol. Environ. Healt.
B Crit. Rev., 2003, 6, 279.

[23] Gottesman M.M., Pastan I., Ambudkar S.V.: “P-glycoprotein and
multidrug resistance”. Curr. Opin. Genet. Devel., 1996, 6, 610.

[24] Diaz R.S.: “Genomica médica”. In: Prado F.C., Ramos J., Valle
J.R. (eds.): Atualizagdo terapé€utica. Sdo Paulo, Artes Médicas,
2003, 538.

[21

Address reprint requests to:

C.V. MATHIAS, M.D.

Rua Dr. Esdras Pacheco Ferreira
143 Vila Nova Conceicao
04507-060 Sao Paulo (SP)
(Brazil)

Chinese experts in obstetrics and gynecology.

1* Beijing International Conference
Obstetrics & Gynecology

October 7-10, 2005

SCIENTIFIC PROGRAM HIGHLIGHTS

An outstanding scientific program has been developed featuring some of the leading international and

Conference Opening Ceremonies Friday, October 7th, 17:00-18:30
Plenary Lectures on: Maternal-Fetal Medicine; Gyn-Oncology; Gyn-Endoscopy. .

For a detailed scientific program schedule, visit the congress website at:

www.eventsintl.com/icog2005/scientific program/october 8.html

Free of charge




