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Hydroxychloroquine has been proposed for HIV treatment; however, little is known about its disposition in the lymphatic sys-
tem, where replication takes place. Therefore, its distribution in lymphoid tissues (Peyer’s patches and popliteal, submandibu-
lar, femoral, splenic, and prescapular lymph nodes) was evaluated and compared with that in blood. Results showed a high affin-
ity of hydroxychloroquine for all of these tissues, with higher affinity for the splenic and submandibular lymph nodes,

suggesting its potential use as a coadjuvant in HIV therapy.

ydroxychloroquine is a 4-aminoquinoline drug with more

than 70 years of use as an antimalarial agent. Besides its anti-
malarial activity, it has well-documented efficacy and long-term
safety in the therapy of autoimmune diseases like rheumatoid
arthritis and systemic lupus erythematosus (1-3). The immuno-
modulatory effects of this agent are related to the reduction of
inflammatory cytokine and IgG production, as well as down mod-
ulation of natural killer cell activity (4, 5). With regard to its in vivo
anti-HIV-1 activity, it has been reported that hydroxychloroquine
increases CD4™ T cell levels in HIV-infected patients who do not
respond to antiretroviral therapy (6).

Although different studies have been performed to determine
its blood/plasma distribution, as well as its pharmacokinetic pa-
rameters (7, 8), little is known about its disposition in lymphoid
tissue; this distribution is important since lymph nodes are the
major reservoir of HIV and the primary site of HIV replication
(9). In a previous study, we found that in humans, hydroxychlo-
roquine concentrations are higher in adenoid tissue than in
plasma (10); therefore, the main objective of the present study was
to determine the distribution of the drug in different lymphoid
tissues by using the rabbit as an experimental model, taking into
account that different studies have suggested that the rabbit im-
mune system is more similar to the immune systems of primates
and humans than is that of mice (11, 12, 13).

Healthy male New Zealand rabbits (Harlan, Mexico City, Mex-
ico) 2 to 3 months old with a mean body weight of 2.4 kg were
used. Each rabbit received a subcutaneous hydroxychloroquine
(Sanofi Aventis) injection of 15 mg/kg of body weight. Blood sam-
ples were taken at 0, 10, 20, 30, 60, 120, 180, 240, 360, 480, and 840
min after drug administration (three animals per time point were
used). Once the blood sample was taken, the animals were killed
by cervical dislocation, cessation of circulation was confirmed,
and tissue samples (Peyer’s patches and popliteal, submandibular,
femoral, prescapular, and splenic lymph nodes) were collected in
preweighed vials on the same schedule as blood samples. The
minced tissues were homogenized with 1 ml of 0.1 M phosphate
buffer, pH 2.5. All samples were stored at —20 = 1°C until use.

The study protocol complied with the Guide to the Care and
Use of Experimental Animals and was approved by the Animal
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FIG 1 Mean blood hydroxychloroquine concentrations and standard devia-
tions after subcutaneous drug administration (15 mg/kg) to rabbits (n = 3 per
time point).

Ethics Committee of the Universidad Nacional Auténoma de
México.

Hydroxychloroquine was assayed by high-performance liquid
chromatography with a liquid extraction technique. Briefly, to 1
ml of blood or tissue homogenate, 2 ml of 0.4 N NaOH was added
and the mixture was vortexed for 2 min; 8 ml of chloroform was
added, and the mixture was vortexed for 1 min. Samples were
centrifuged, the organic phase was transferred to an assay tube,
and 1 ml of 0.1 M phosphate buffer, pH 5, was added. The aqueous
phase was transferred, and 50 .l was injected into a Waters liquid
chromatography system (Waters Corporation, MA). Analysis was
performed on a Symmetry C,4 analytical column (5 pm, 4.6 by
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Rabbit Lymphoid Hydroxychloroquine Distribution Model
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FIG 2 Mean lymphoid tissue hydroxychloroquine concentrations after subcutaneous hydroxychloroquine administration (15 mg/kg) to rabbits

(n=3).

150 mm) at a flow rate of 0.5 ml/min with acetonitrile-0.01 M
sodium dihydrogen phosphate buffer (pH 3) at 14:86 (vol/vol) as
the mobile phase. The total recovery was 80 to 85%. The method
was linear over a range of 200 to 5,000 ng/ml. The intraday coef-
ficient of variation ranged from 3.8 to 7.2%. The limit of quanti-
fication was 120 ng/ml, and the limit of detection was 42.5 ng/ml.

Pharmacokinetic parameters were determined with the
WinNonlLin 5.0 program.

Considering that the drug concentrates in the cellular fraction
of blood (7), our analysis was based on whole-blood determina-
tions. The pharmacokinetic profile of hydroxychloroquine in
whole blood is presented in Fig. 1. Our data show that the drug was
rapidly absorbed after subcutaneous administration, with a time
to maximum concentration of drug in blood of 30 min. The max-
imum concentration of drug in blood was 4.5 pg/ml. The half-life
was 10.6 h, and the apparent clearance of the orally administered
drug was 0.013 h™".

The biodistribution of hydroxychloroquine in lymphoid tis-
sues is shown in Fig. 2. Hydroxychloroquine possesses two basic
ionization sites with pKa values of 8.27 and 9.67. Although its
permeability has not been evaluated, a high water-octanol parti-
tion coefficient of 3.85 has been reported (14). The results of the
present study show that the drug is readily accumulated in lym-
phoid tissues, which could be related to the high partition coeffi-
cient. The lowest levels were found in femoral tissue, while spleen
tissue showed the highest concentrations. In all of them, the max-
imum concentration was found at 20 to 30 min. Concentrations in

TABLE 1 Tissue/blood hydroxychloroquine concentration ratios in rabbits

the splenic lymph nodes were maintained for a longer time than in
the other lymphoid tissues. These results were expected, consid-
ering that it has been reported that approximately 15% of the total
lymphocytes in the body reside in the spleen, which is the largest
reservoir in the body (15). The lymphoid tissue/blood drug con-
centration ratios determined are presented in Table 1. As in a
previous study of humans (10), we found that hydroxychloro-
quine had a higher affinity for lymphoid tissues than for blood.
Also, it has been shown that hydroxychloroquine and chloroquine
do not accumulate in fatty tissues (16). This fact could be due to
the amphiphilic properties of the drug, which allow its diffusion
into the cellular lysosomal compartment, were the low pH induces
its protonation and entrapment (17).

Data on hydroxychloroquine efficacy against HIV are contro-
versial. Some in vitro and in vivo studies have demonstrated only
modest anti-HIV efficacy, as determined by viral burden measure-
ments (6, 18, 19). Likewise, Paton et al. (20) found that in HIV-
infected patients not taking antiretroviral therapy, the use of hy-
droxychloroquine not only reduced CD8 cell activation but
resulted in a greater decline in the CD4 cell count and increased
viral replication compared with a placebo. In contrast, Piconi et al.
(6) evaluated the effect of hydroxychloroquine on HIV-infected
patients treated with combined antiretroviral therapy. The pa-
tients were immunologic nonresponders with absolute CD4 cell
counts of <200/ml. All of them received hydroxychloroquine at
400 mg/day for 6 months. The results showed induced immuno-
modulation, which was associated with increased percentages of

Ratio of hydroxychloroquine concn in following tissue to that in blood:

Time (min) after drug Popliteal lymph Submandibular Femoral lymph Prescapular Splenic lymph Peyer’s
administration nodes lymph nodes nodes lymph nodes nodes patches
20 9.89 25.96 19.52 51.44 26.28 163.11
60 2.77 5.46 3.67 7.15 13.02 3.59
180 9.30 13.61 8.09 4.30 10.56 10.46
480 7.90 8.74 7.43 3.66 44.77 9.92
840 15.44 7.87 13.19 77.09 9.87
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circulating CD4™" T cells and was retained 2 months after therapy.
The authors stated that hydroxychloroquine reduces lipopolysac-
charide/T-like receptor-mediated immune activation.

It has been shown that the lymphatic system is involved in the

dissemination of HIV in humans, and evidence indicates similar
behavior in rabbits (21). The high levels of hydroxychloroquine
found in all of the lymphoid tissues of rabbits suggest that the drug
could be used as a coadjuvant in HIV therapy, particularly in pa-
tients who do not respond to antiretroviral therapy.
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