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Summary

Purpose: To evaluate the effects of the association of lopinavir and ritonavir administered during the whole period of rat preg-
nancy. Methods: 62 Wistar rats of the EPM-1 variant weighing about 200 g were randomly divided into five groups: two controls
(Ctrl = stress control, n = 10; and Ctr2 = drug vehicle control, n = 10) and three experimental ones which were treated with an oral
solution of lopinavir/ritonavir (Expl = 12.8/3.2 mg/kg b.w., n = 14; Exp2 = 38.4/9.6 mg/kg b.w., n = 14; Exp3 = 115.2/28.8 mg/kg
b.w., n = 14) from ‘day O’ up to the 20th day of pregnancy. Maternal body weight was recorded at the start of the experiment and
on the 7th, 14th and 20th day thereafter. At term (20th day), upon laparotomy and hysterotomy, the rats were anesthetized and the
amount of implantations, reabsorptions, living fetuses, placentae and intrauterine deaths were recorded. The collected fetuses and
placentae were weighed and the concepts were examined under a stereoscope microscope for external malformations. Results: An
apparent dose-unrelated lethal effect of the antiviral association on the pregnant rats was observed; notwithstanding, the body weight
gain of the surviving rats had no changes, independent of the considered group. It was noted that the quantitative and qualitative
intrauterine content of living term rats was indistinguishable from that of the controls. Conclusion: There was some degree of dele-
terious effects of the administration of the lopinavir/ritonavir association on pregnant rats; such effects eventually led to maternal
death. However, neither the surviving rats showed toxicity nor did their concepts present any detectable change which could be
related to the drug association.
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Introduction Among the several treatment protocols, the highly active
antiretroviral therapy (HAART) usually includes one
nucleoside analog (DNA chain terminator), one protease
inhibitor and either a second nucleoside analog (*“nuke”) or
a non-nucleoside reverse transcription inhibitor [9].
Though the association of antiretroviral drugs has been
shown to be largely safe for the concept [10], it is supposed
that association of multiple drugs may introduce changes in
their pharmacokinetics [11] and bring about unpredictable
results for maternal and/or fetal compartments.

It is well established that HIV antiretroviral drugs, par-
ticularly protease inhibitors (e.g., ritonavir and lopinavir)
frequently elicit a metabolic syndrome that may include
hyperlipidemia, lipodystrophy and insulin resistance. Cao
et al. [12] in studies in vitro have demonstrated that most
protease inhibitors not only induce the accumulation of
intracellular free cholesterol and lipids, activating the
urokinase-type plasminogen activator (UPR) in hepato-

After its initial description in two small groups of pre-
viously healthy homosexual men [1, 2], the acquired
immunodefficiency syndrome, so-called AIDS [3],
evolved to constitute a pandemic.

Currently, in addition to the 20 million deaths regis-
tered till now, it is estimated that more than 40 million
people worldwide are infected by the human immunodef-
ficiency virus (HIV). The incidence distribution among
men and women [4], mainly during the reproductive years
is similar. It is thought that infected women are responsi-
ble for 20% of intrauterine transmissions [5, 6].

The most effective approach to the prophylaxis of such
a vertical transmission is reduction of the viral load of
pregnant women down to as low as 1,000 viral particle
copies per milliliter [7].

The use of zidovudine during pregnancy and delivery
has reduced HIV infection in one-third of the concepts .
[5]. Accordingly, the US Public Health Service has rec- cytes and macrophgges but alsp increase the relegse Qf
ommended that HIV-infected women continue with the inflammatory cytokines promoting foam cell formation in

treatment protocol duri tati dooted in th macrophages [13, 14]. .
;)i::r-liorrlizgntizl:l [Earr(i)o(zlcc[)S]. e EERTOn Ao I e Pistell et al. [15] showed that lopinavir/ritonavir admin-

istration in mice caused significant metabolic derange-
ment, including changes in body weight and fat mass as
well as dose-dependent patterns of hyperlipidemia,
hypoadiponectinemia, hypoleptinemia, and hyperinsu-
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Figure 1. — Percentual profiles of body weight gain among

pregnant rats as a function of the starting weight (at the zero day
of pregnancy). Groups comprised: Ctr 1 = intact, stress control,
n = 10; Ctr 2 = drug vehicle (propyleneglycol) control, n = 10;
Exp 1, 2 and 3 = treated with lopinavir/ritonavir association,
12.8/3.2 mg/kg (n = 14), 38.4/9.6 mg/kg (n = 14) and
115.2/28.8 mg/kg b.w. (n = 14) respectively, from day O up to
the 20" day of pregnancy. No significant differences were
observed.

Since preliminary results in our laboratory [16] have
indicated some degree of toxicity of the lopinavir/riton-
avir association on the rat pregnancy, this point has been
specifically studied in this paper.

Materials and Methods

Wistar female rats (Rattus norvegicus albinus) of the EPM-1
variant, provided by the Center for the Development of Exper-
imental Models (CEDEME) of Sao Paulo Federal University —
School of Medicine (UNIFESP-EPM), weighing approximately
200 g, were used throughout the experiment. The experiment
was approved by the local Animal Care Committee (Report no.
1397/04), in accordance with the guidelines which comply with
those of the Canadian Council on Animal Care [17].

The animals were held in plastic cages under controlled room
temperature (22°C) and artificial light by fluorescent lamps with
a photoperiod of 12 h (lights on at 7 a.m.) with free access to
pelleted Purina rat diet and tap water.

After a 7-day period of adaptation, the animals were mated in
the proportion of one male to three females for two hours. The
immediate 24-hour period after mating was taken as day O of
pregnancy if spermatozoids were detected in vaginal smears
[18]. Sixty-two pregnant rats were randomly divided into five
animal groups, as follows: Ctr 1 (n = 10) was represented by
rats which received no drugs, that is, the stress control; Ctr 2 (n
= 10) was a group daily treated with 0.5 ml of propyleneglycol
by oral route (drug vehicle control); Exp 1 (n = 14) was a group
treated with the association of lopinavir/ritonavir (Kaletra,
Abbott Laboratories, IL, USA) by oral route corresponding to a
daily dose of 12.8 mg/kg lopinavir/3.2 mg/kg of ritonavir; Exp

Table 1.— Effects of the daily administration of the
association lopinavir/ritonavir on several indicators of the
pregnant rats for the whole period of pregnancy. Dispersion
of data is given as SEM. No fetal external malformations were
observed.

Group®
Ctr 1 Ctr 2 Exp 1 Exp 2 Exp 3
(n=10) (n=10) (n=14) (n=14)
No. of fetuses 100+ 1.8 103+23 93+46 103+£2.0 11.0+19
No. of placentae 100+ 1.8 10323 93+46 103+x2.0 11.0+19

Fetal weight (g) 4.13+0.34 4.11£0.25 4.05+042 4.04 +0.58 4.17 £ 0.24
Placental

weight (g) 0.64+0.05 0.63+0.05 0.73 +0.14 0.71 £0.09 0.71 + 0.08
No. of
reabsorptions  0.30 + 0.67 0 0.30 £ 0.95 0 0.17 £ 0.41

Maternal deaths 0 0 4% 8* 8*

*p < 0.05 with regard to the controls.

2 (n = 14) was a group treated daily with 34.4 and 9.6 mg/kg of
lopinavir and ritonavir, respectively; Exp 3 (n = 14) was a group
treated daily with 115.2 and 28.8 mg/kg of lopinavir and riton-
avir, respectively. Vehicle and drugs were administered by
gavage, once daily, in a final volume of 0.5 ml, starting at day
‘0’ and extending until the term of pregnancy.

Body weights were recorded for all animals on day 0, and the
7th, 14th and 20th day of pregnancy and expressed as percentu-
als of body weight gain.

At term (20th day), the animals were weighed and anes-
thetized with a mixture of xylazine (20 mg/kg) and ketamine
(100 mg/kg) by the intraperitoneal route. Upon wide open
laparotomy and hysterotomy, the following parameters were
recorded: fetal and placental weights, number of implantations,
reabsorptions, living and dead fetuses. The fetuses were closely
examined under a stereoscope microscope for gross external
malformations (limb shortening, spina bifida, cleft lip, cleft
palate and hypospadia).

Whenever appropriate the data were expressed as mean +
SEM. The results were submitted to ANOVA analysis and ana-
lyzed further by the Kruskal-Wallis’ multiple comparison test.
Contingency tables and chi-square tests were used to analyze
the death rates; the significance level was set at 5%.

Results and Discussion

At advanced stages of HIV disease, patients used to
show constitutional symptoms and severe cachexia.
However, upon the development of HAART protocols
[19], metabolic abnormalities (hyperlipidemia and insulin
resistance) and morphological changes (central fat accu-
mulation and peripheral fat atrophy) have been reported
in HIV-1 patients mostly among those receiving therapies
containing HIV-1 protease inhibitors, particularly riton-
avir [20]. The so-called lipohypertrophic syndrome [21]
includes clinical features as increased abdominal girth
[22], fat accumulation, breast hypertrophy and buffalo
hump [23].

In our study, pregnant rats treated with lopinavir/riton-
avir showed no significant alteration in body weight gain,
nor did the controls or experimental groups (Exp 1-3)
(Table 1). This finding was presumably due to the fact
that rats lack some of the multiple factors involved in the
pathogenetic mechanisms proposed for humans, which
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include the interference of several regulatory proteins
such as sterol regulatory enhancer binding protein-1, the
proteasome, mitochondrial DNA polymerase gamma and
GLUT-4 [24]. Otherwise, the short time of exposition to
the drugs (3 weeks) could have played some role in this
result [25].

We observed a lethal effect of the drug treatment, that
is, 4/14 deaths were recorded in the Exp 1 group (treated
with a dose of lopinavir/ritonavir proportionally similar to
that used in humans), and a two-fold higher figure was
observed in the Exp 1 and 2 groups (treated with 3- and
9-fold higher doses of the drugs) (Table 1).

This finding addresses two relevant issues. First, no
clear-cut dose-dependent effect can be inferred for this
result. On the other hand, it may instead be related to the
individual sensitivity of the animals to the drugs. Such
individual variation could be linked to the functional lev-
els of P glycoprotein (P-gp) [26], a membrane efflux
pump pertaining to the superfamily of ATP binding cas-
sette proteins [27]. As is known, this protein is encoded
by the ‘multidrug resistence’ genes Mdr la and Mdr 1b
[28] and expressed in tissues involved with drug absorp-
tion, metabolism and excretion [29]. P-gp limits penetra-
tion of potentially harmful or therapeutic hydrophobic
compounds, thus providing protection of an organism
against potentially toxic compounds of the environment.
Accordingly, a placental P-gp may play an important role
in the protection of the developing fetus [30]. Other bar-
riers in which P-gp is importantly involved are the blood-
brain, the blood-nerve, the blood-testis and the intestinal
barrier [31]. Predictably, the absence of P-gp may lead to
adverse effects when an organism is exposed to drugs
such as antineoplastic agents, cardiac glycosides, beta-
blockers, calcium channel blockers and HIV-protease
inhibitors [32].

It is conceivable that the maternal deaths observed
herein were due to some degree of individual variation of
the intestinal content of P-gp, leading to defective drug
protection [30]. Such ‘drug inward leakage’ at the intes-
tinal, absorptive level, could have resulted in blockade of
the metabolic degradation of lopinavir as a consequence
of CYP3A isoenzyme inhibition caused by ritonavir [33-
35]. This drug accumulation could be accounted for by
the maternal deaths observed in our groups Exp 2 and 3.

Our results are supported in part by previous data
obtained in our laboratory with ritonavir alone [36]. This
drug was administered (60 and 180 mg/kg b.w.) during
the entire period of rat pregnancy and caused 2/10 and
4/10 deaths, respectively. In the present paper, much
lower ritonavir doses in association with lopinavir were
able to cause a higher lethal effect, most presumably due
to the association-induced, altered drug pharmacokinetics
[11].

Regarding the fetal compartment, we may infer that the
placental expression of P-gp [32] was sufficient as to
properly hinder the drug transfer to the uterine space. In
fact, no alterations were observed regarding the numbers
of implantations and fetuses, and the fetal and placental
weights between the control and the treated groups of ani-

mals. Similarly, no reabsorptions, intrauterine deaths or
fetal malformations were observed.

To conclude, though maternal deaths have been record-
ed in the animal groups treated with the two highest doses
of lopinavir/ritonavir, no definite dose-related effects
could be established. On the other hand, the fetuses from
surviving rats showed no detectable alterations, suggest-
ing the efficacious operation of protective drug systems at
the placental level.

References

[1] Gottlieb M.S., Schroff R., Schanker H.M., Weisman J.D., Fan P.T.,
Wolf R.A., Saxon A.: “Pneumocystis carinii pneumonia and
mucosal candidiasis in previously healthy homosexual men: evi-
dence of a new acquired cellular immunodeficiency”. NEJM,
1981, 305,1425.

[2] Fauci A.S., Lane H.C.: “Human immunodeficiency virus (HIV)
disease: AIDS and related disorders”. In: Isselbacher K.J.,
Braunwald E., Wilson J.D., Martin J.B., Fauci A.S., Kasper D.L.
(eds.). Harrison’s Principles of Internal Medicine, 2, 13" edition,
New York, McGraw-Hill, 1994, 1566.

[3] CDC. Centers Disease Control. Pneumocystis pneumoniae. Los
Angeles. MMWR 1981, 30-250 http://AIDSinfo.nih.gov.

[4] World Health Organization. Joint United Nations. Program on
HIV/AIDS (UNAIDS). AIDS epidemic update: December 2005.
Geneva: WHO; 2005. http://www.inaids.org/epi/2005/doc/epiup-
dat2005pdfen/epi-update2005en.pdf.

[5] Connor E.M., Sperling R.S., Gelber R., Kiselev P., Scott G.,
O’Sullivan M.J.: “Reduction of maternal-infant transmission of
human immunodeficiency virus type 1 with zidovudine treatment”.
NEJM, 1994, 331, 1173.

[6] Garcia-Tejedor A., Perales A., Maiques V.: “Protease inhibitor
treatment in HIV pregnant women. Is it safe for newboys?”. Int. J.
Gynecol. Obstet., 2002, 76, 175.

[7] Fang G., Burger H., Grimson R., Tropper P., Nachman S., Mayers
D.: “Maternal plasma human immunodeficiency virus type 1 RNA
level: a determined and projected threshold for mother-to-child
transmission”. Proc. Natl. Acad. Sci. USA., 1995, 92, 12100.

[8] Mofenson L.M., Lambert J.S., Stichm E.R., Bethel J., Meyer W.A.,
Whitehouse J. et al.: “For the Pediatric AIDS clinical trials group
study 185 team. Risk factors for perinatal transmission of human
immunodeficiency virus type 1 in women treated with zidovu-
dine”. NEJM, 1999, 341, 385.

[9] Germinario R.J.: “Anti-retroviral protease inhibitors - a two edged
sword?”. UBMB Life, 2003, 55, 67.

[10] Tuomala R.E., Shapiro D.E., Mofenson L.M., Bryson Y., Culnane
M., Hughes M.D.: “Antiretroviral therapy during prengnancy and
the risk of an adverse outcome”. NEJM, 2002, 346, 1863.

[11] Kageyama M., Namiki H., Fukushima H., Torosaka S., Togama T.,
Tanaka A. et al.: “Effect of chronic administration of ritonavir on
function of cytochrome P450 3A and glycoprotein in rats”. Biol.
Pharms. Bull., 2005, 28, 130.

[12] Cao R., Hu Y., Wang Y., Gurley E.C., Studer E.J., Wang X. et al.:
“Prevention of HIV protease inhibitor-induced dysregulation of
hepatic lipid metabolism by raltegravir via endoplasmic reticulum
stress signaling pathways”. J. Pharmacol. Exp. Ther., 2010, 334,
530.

[13] Zhou H., Jarujaron S., Gurley E.C., Chen L., Ding H., Studer E. et
al.: “HIV protease inhibitors increase TNF-alpha and IL-6 expres-
sion in macrophages: involvement of the RNA-binding protein
HuR”. Atherosclerosis, 2007, 195, 134.

[14] Zhou H., Pandak W.M. Jr., Lyall V., Natarajan R., Hylemon P.B.:
“HIV protease inhibitors activate the unfolded protein response in
macrophages: implication for -atherosclerosis and cardiovascular
disease”. Mol. Pharmacol., 2005, 68, 690.

[15] Pistell PJ., Gupta S., Knight A.G., Domingue M., Uranga R.M.,
Ingram D.K. er al.: “Metabolic and neurologic consequences of
chronic lopinavir/ritonavir administration to C57BL/6 mice”.
Antiviral. Res., 2010, 88, 334.



154 L. Kulay Jr., C.C. Hagemann, M.U. Nakamura, R.S. Simées, A. Moreira de Carvalho, R.M. Oliveira-Filho, S. Espiridido

[16] Cunha A.M., Hagemann C.C., Simdes R.S., Oliveira-Filho R.M.,
Simdes M.J., Soares J.M. Jr. et al.: “Effects of lopinavir-ritonavir
combined therapy during the rat pregnancy. Morphological and
biochemical aspects”. Eur. J. Obstet. Gynecol. Reprod. Biol.,
2007, 133, 60.

[17] Olfert E.D., Cross B.M., McWilliam AA (editors). Canadian
Council on Animal Care’s/ Guide to the Care and Use of
Experimental Animals/, 2" ed Bradda Printing Services, Ottawa,
Ontario, Canada, 1993.

[18] 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.

[19] Cooper E.R., Charurat M., Mofenson N.L., Hanson C., Pitt J., Diaz
C. et al.: “Women and infants transmission study group combina-
tion antiretroviral strategies for treatment of pregnant HIV-1-
infected women and prevention of perinatal HIV-1 transmition”. J.
Acquir. Immune. Defic. Syndr., 2002, 29, 484.

[20] Barttlet J.G., Gallant J.E., Pham P.A.: “Medical management of
HIV infection”. 15" ed. Johns Hopkins University, Baltimore, MD,
2009, 298.

[21] Bodasing N., Fox R.: “HIV associated lipodystrophy syndrome:
description and pathogenesis”. J. Infection., 2003, 46, 149.

[22] De Luca A., Murri R., Darmiano R.: “Buffalo hump in HIV-1
infection (letter)”. Lancet, 1998, 352, 320.

[23] Currier J.: “Pathogenesis and epidemiology of metabolic abnor-
malities. HIV/AIDS” Update. September 19, 2002. Available at:
http://www.medscape.com/viewarticle/441490.

[24] Carr A., Samaras K., Burton S., Law M., Freund J., Chisholm DJ.:
“A syndrome of peripheral lipodytrophy, hiperlipidaemia and
insulin resistance in patients receiving HIV protease inhititors”.
AIDS, 2003, 17, 1857.

[25] Leonard E., McConisey G.: “Metabolic complications of antiretro-
viral therapy in children”. Ped. Infect. Dis. J., 2003, 22, 77.

[26] Juliano R.L., Ling V.: “A surface glycoprotein modulating drug
permeability in Chinese hamster ovary cell mutants”. Biochim.
Biophys. Acta., 1976, 455, 152.

[27] Higgins CF.: “ABC transporters: from microorganisms to man”.
Ann. Rev. Cell. Biol., 1992, 8, 67.

[28] Gros P., Ben Niriah Y.B., Croop J.M., Housman D.E.: “Isolation
and expression of a complementary DNA that confers multidrug
resistance”. Nature, 1986, 323, 728.

[29] Schinkel A.H.: “Disruption of the mouse mdr la P-glycoprotein
gene leads to a deficiency in the blood-brain barrier and to
increased sensitivity to drugs”. Cell, 1994, 77, 491.

[30] Lankas G.R., Wise L.D., Cartwright M.E., Pippert T., Umbenhauer
D.R.: “Placental P-glycoprotein deficiency enhances susceptibility
to chemically induced birth defects in mice”. Reprod. Toxicol.,
1998, 12, 457.

[31] Smit J.W., Huisman M.T., van Tellingen O., Wiltshire H.R.,
Schinkel A.H.: “Absence or pharmacological blocking of placental
P-glycoprotein profoundly increases fetal exposure”. J. Clin.
Invest., 1999, 104, 1441.

[32] Pavek P., Staud F., Fendrich Z., Sklenarova H., Libra A., Novotna
M.: “Examination of functional activity of P-glycoprotein in the rat
placental barrier using rthodamine 123”. J. Pharmacol. Exp. Ther.,
2003, 305, 1239.

[33] Danner S.A., Carr A., Leonard J.M., Lehman L.M., Gudiol E.,
Gonzales J. et al.: “A short-term study of the safety, pharmacoki-
netics, and efficacy of ritonavir, an inhibitor of HIV-1 protease”.
NEJM, 1995, 333, 1528.

[34] Kumar G.N., Jennifer D., Roberts E.M., Jayanti V.K., Hickman D.,
Uchic K. et al.: “Potent inhibition of the cytochrome P450 3A4-
mediated human liver microsomal metabolism of novel HIV pro-
tease inhibitor by ritonavir: a positive drug-drug interaction”.
Drug. Metab. Dispos., 1999, 27, 902.

[35] Kaul D.R., Cinti S.K., Carver PL., Kazanjian PH.: “HIV and
adverse reactions, including metabolic complications”.
Pharmacoterapy, 1999, 19, 281.

[36] Carvalho A.M., Oliveira-Filho R.M., Simdes M., Amed A.M.,
Kulay Jr. L.: “Effect of chronic ritonavir administration on preg-
nant rats and their fetuses”. Clin. Exp. Obstet. Gynecol., 2004, 31,
229.

Address reprint requests to:

L. KULAY JR. M.D.

Rua Napoledo de Barros, 715 - 8° andar
Vila Clementino

Sédo Paulo (SP) - Brasil - CEP 04024-200
e-mail: kulay.toco@epm.br



