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Abstract

We prepared, characterized and studied the biodistribution of tamoxifen citrate (TMX) loaded
cross-linked guar gum (GG) nanoparticles (NPs). NPs were prepared via a single step emulsion
process and particle size evaluated. The extent of tissue distribution and retention following oral
administration of TMX loaded GG NPs and TMX tablet in female albino mice was analyzed over a
period of 48 hours. Till 48 hours, the particles remained detectable in both mammary and ovary
tissue (estrogen receptors). Uptake and retention of TMX from NPs and tablet in mammary gland
and ovary tissue changed with time. Results showed that the uptake and retention of NPs was
more in the mammary gland between 24 - 48 hours (11.2% at 24 h; 4.65% at 48 h). As mammary
gland is the target organ in breast cancer therapy, it may be concluded that the cross-linked GG
NPs are capable of releasing the drug at the target and minimize the uptake and retention in non
target tissue, the ovary (7.98% at 24 h; 1.9% at 48 h). Serum alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) with time were measured. No abnormal changes in the liver
enzymes were observed. GG NPs under study can be used as a drug carrier system for treating
cancer.
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1. Introduction

“Cancer”, one of the major cases of death worldwide with lung, stomach, liver, colon and breast cancers is ex-
pected to increase the death rate from 7.9 million in 2007 to 11.5 million in 2030 [1]. The major problem is the
severe toxic side effects of anticancer drugs on healthy tissues. These side effects in turn impose dose reduction,
treatment delay or discontinuance of therapy. Also most of the anticancer drugs are receptor specific but possess
limitations in their delivery [2], because often the molecules have a high molecular weight and are water inso-
luble and have a short half life. As a result these drugs exhibit a poor oral bioavailability, unfavorable pharma-
cokinetic profile etc. An attractive strategy to enhance the therapeutic index of drugs is to specifically deliver
these agents to the defined target cells thus keeping them away from healthy cells which are sensitive to the tox-
ic effects of the drug. While doing so the pharmaceutical industry is faced with the challenge of introducing new
drug delivery systems with reliable performance but also with a greater emphasis on patient compliance [3]-[4].
These challenges of drug development go through successive stages, such as, design of suitable delivery systems
and in vivo evaluation [5]-[7]. The efficacy of presently available promising anticancer agents like tamoxifen ci-
trate, doxorubicin, paclitaxel is limited by toxic side effects due to non-specific distribution, especially to the ra-
pidly proliferating cells in body. Also, limitations result from the fact that these agents fail to selectively localize
in tumors, which emphasizes the need for new drug delivery systems. To suppress toxic effects and to improve
efficacy numerous delivery systems based on specific carrier properties are being extensively studied and eva-
luated in the field of cancer chemotherapeutics [8]-[11].

Polysaccharides, the polymers of monosaccharides (sugars) are found in abundance, have wide availability,
are inexpensive and available in a variety of structures with a variety of properties. They can be easily modified
chemically and biochemically and are highly stable, safe, nontoxic, hydrophilic and gel forming and in addition
are biodegradable. Due to their excellent inherent properties natural polysaccharides are now extensively used
for the development of carrier systems for delivery of anticancer drugs [12].

Tamoxifen citrate, a non-steroid antiestrogen, is the endocrine treatment modality most widely used in breast
cancer [13]. Antiestrogen therapy principally affects estrogen receptor (ER)-rich tissues. Tamoxifen, the proto-
typical antiestrogen, has been employed over the course of three decades for the treatment of ER(+) tumors [14].
It is a selective estrogen response modifier (SERM) [15] that exerts antagonistic effects in breast cancer cells
and agonistic effects in other tissues, such as endometrium and bone. This non-streoid compound and its reac-
tive intermediates increase the risk of endometrial and uterine cancer in breast cancer patients receiving tamox-
ifen therapy [16] and its estrogenic action provides a protective effect against osteoporosis and cardiovascular
disease [17].

In this context, we synthesized TMX loaded nanoparticles with satisfactory drug loading content (>15%) by a
novel single step emulsion in-situ polymer cross-linking method. Guar gum, a biocompatible, biodegradable,
non-toxic, readily available and low cost natural polysaccharide was used as the polymer material of the nano-
particles [18]-[21]. Although guar gum has been formulated in both matrix tablet and microspheres in the past
but only little information is available in the open literature for the possibility of using guar gum based nano-
sized materials as a drug carrier [18] [20].

To assess the applicability of the prepared drug loaded nanoparticles in a biological system for prospective
therapeutic use as a drug delivery agent in the present investigation, a model experiment was designed with fe-
male albino mice as the biological system, drug formulated nanoparticles as the drug delivery agent into the
system and mammary and ovary tissues as the target locations. This whole experiment was done against a con-
trol set receiving free TMX and compared with a set of the same drug in tablet preparation.

2. Materials and Methods

Tamoxifen Citrate was a gift from Central Drugs Laboratory, Kolkata, India. Nolvadex tablets were purchased
locally. All other chemicals were purchased from Rankem (India) Ltd. Millipore water was used in nanoparticle
preparation.

2.1. Nanoparticle Preparation

Nanoparticles of guar gum containing tamoxifen citrate were prepared with the optimized formulation condition:
1:6 drug:polymer ratio, 0.5% (m/V) guar gum concentration, 10 ml glycerol as stabilizer, 2 ml (3%) glutaralde-
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hyde (GTA) solution as crosslinker and dichloromethane as the drug loading solvent [22] [23]. Prepared nano-
particles were harvested in microcentrifuge tubes and preserved in vacuum desiccator till use.

2.2. Particle Size

Particle size was evaluated by dynamic light scattering measurements using a Malvern Zetasizer Nano ZS
(Malvern Instruments, Worcestershire, United Kingdom) with a 10 mW He-Ne laser beam at 20°C. A scattering
angle of 90° was used. Before DLS analysis, the TMX loaded NPs were dispersed in aqueous buffer, then soni-
cated for a few minutes, filtered through 0.2-micron pore size filtration unit (Millipore, Billerica, MA, U.S.A)).
The sample concentration was kept at 1.0 mg/ml. Each sample was measured in triplicate.

2.3. Size Distribution in TEM

Transmission electron microscopy (FEI Technai 12 Bio Twin, The Netherlands) with a CCD camera mega view
Il soft imaging system was employed to visualize and record the nature and the size distribution of NPs. A drop
of water suspension of the GG NPs was mounted on a carbon coated copper grid (CCG) and air-dried and micro
graphed at 80 - 100 kV.

2.4. In-Vivo Studies

Female albino mice (25 - 30 g) were used in this experiment. The animals bred at Department of Zoology, Gau-
hati University, Guwahati, Assam, India was procured after obtaining clearance from the Animal Ethics Com-
mittee of Gauhati University. Before the experimental procedure was started, all the animals were acclimatized
in the animal room for four weeks and fed on standard animal diet. All of the procedures complied with the
guidelines of International Animal Ethics Committee. The animals were orally administered with a single dose
of free TMX, NPs (5 mg/Kg body weight) and TMX tablet formulation (5 mg/Kg body weight) for comparison.
The mice were anaesthetized by diethyl ether and dissected to collect the tissues. The animals were sacrificed
after an interval of 6, 12, 24 and 48 hours for collection of blood and tissue samples. Blood samples were drawn
by cardiac puncture with all aseptic and antiseptic measures and collected in a microcentrifuge tube for sepera-
tion of serum.

2.4.1. Analysis of Serum

Blood samples were allowed to clot at room temperature and centrifuged at 3000 rpm for 10 min to separate the
serum for collection. The supernatant serum was then transferred into a dry labeled and stoppered micro centri-
fuge tube and immediately used for analysis of ALT and AST levels.

2.4.2. Analysis of Tissue

The mice were anaesthetized by diethyl ether and dissected to collect the tissues from mammary gland and
ovary. The tissues were dried over a filter paper and immediately weighted and recorded. The tissue homogenate
was prepared in 2 ml buffer solution with a morter in an ice bath. The total volume of each homogenate was
measured. The homogenate was transferred into microcentrifuge tubes and centrifuged for 5 minutes at 3000
rpm. The supernatent was carefully collected and preserved in dry labeled and stoppered micro centrifuge tubes
and stored at 2°C to 8°C. Tissue homogenates were used to estimate the TMX content (%) in respective tissues
by high performance liquid chromatography (HPLC) analysis. 100 ul tissue homogenate were transferred by a
micropipette to a microcentrifuge tube containing 1 ml chloroform and 0.5 ml 6% perchloric acid. The mixture
was vortexed and centrifuged. A 20 ul volume of the supernatent of each sample was injected through rheodyne
injector port of the standardized HPLC system for estimation of TMX concentration. The HPLC method was
validated intra day and intra night for TMX prior to start of analysis.

2.5. Toxicity Evaluation

Just before the start of this evaluation the animals were sacrificed and blood was collected by cardiac puncture.
Liver toxicity markers ALT and AST were estimated by the commercially available diagnostic Kits (Crest Bio-
systems, manufactured by Coral Clinical Systems, India). AST and ALT results were expressed as mean + S.D.
Significant differences amount the groups were determined by one-way analyses of variance (ANOVA) fol-
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lowed by student t-test using the statistical analysis software (SPSS). Statistical significance was considered at p
<0.05.

The kit procedure was based on the methodology of the International Federation of Clinical Chemistry (IFCC)
and the method was Modified IFCC Method, The activity was assayed by UV kinetic method and calculated as
in Equation (1).

AST/ALTactivity in U/L = Change of absorbance per minute at 340 nm x factor (8840) (1)
Linearity: AST/ALT activity kit is linear up to 350 U/L.

3. Results

Tamoxifen citrate loaded guar gum nanoparticles were prepared with optimized formulation condition: 1:6 drug:
polymer ratio, 0.5% (m/V) guar gum concentration, 10 ml glycerol as stabilizer, 2 ml (3%) glutaraldehyde (GTA)
solution as crosslinker and dichloromethane as the drug loading solvent with a loading of 15% of the drug.

The size of the NPs as measured by DLS showed a narrow size distribution (200 - 300 nm, Figure 1(a)).
TEM study revealed smooth and spherical nanoparticles with an average size of 205 nm (Figure 1(b)).

3.1. Biodistribution of TMX

TMX and TMX loaded NPs were administered orally into female albino mice to study the biodistribution in
mammary and ovary tissue and cytotoxicity on liver enzyme functions.

Uptake and retention of TMX from NPs varied in both mammary gland and ovary tissue (Table 1(b) and
Figures 2(a)-(d)). TMX levels in the mammary gland 6 hrs after administration was found to be 1.3% of the to-
tal administered dose which then gradually increased to 7.08% at 12 hrs, 11.2% at 24 hrs and 4.65% at 48 hrs.
TMX levels in the ovary tissue 6 h after administration was found to be 6.66% of the total administered dose
which then gradually increased to 7.62% at 12 hrs, 7.98% at 24 hrs and 1.9% at 48 hrs (Figures 2(a)).

Uptake and retention of TMX from tablet also varied in both mammary gland and ovary tissue. TMX levels in
the mammary gland 6 h after tablet administration was found to be 7.6% of the total administered dose which
then gradually increased to 9.48% at 12 hrs and then declined to 6.56% at 24 hrs and 2.34% at 48 hrs. TMX le-
vels in the ovary tissue 6 h after administration was found to be 7.88% of the total administered dose which then
gradually increased to 10.02% at 12 hrs and then decreased to 6.88% at 24 hrs and 2.14% at 48 hrs (Figure

2(b)).
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Figure 1. (a) Particle size of TMX loaded GG NPs; (b) TEM micrograph of TMX loaded guar gum nanoparticles showing

particle distribution pattern.
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Figure 2. (a)-(b) Comparative biodistribution of TMX in ovary and mammary tissue of mice after NPs and tablet administration;
(c)-(d) Comparative biodistribution of TMX in mammary gland and ovary tissue of mice after tablet and NPs administration.

Table 1. (a) (b) Mean TMX uptake at different time intervals in ovary and mammary tissue in % of single dose of oral ad-
ministration of TMX in tablet (5 mg/Kg body wt.) to female albino mice.
(@

Mean% TMX uptake in tissues at different time interval

Organ/tissue

6 hrs 12 hrs 24 hrs 48 hrs
% drug % drug % drug % drug
Ovary 7.88 10.02 6.88 2.14
SD 1.01 1.25 1.19 0.91
Mammary 7.61 9.48 6.56 2.34
SD 2.19 2.2 1.16 1.05
(b)
Organ/tissue Mean% TMX uptake in tissues at different time interval
6 hrs 12 hrs 24 hrs 48 hrs
% drug % drug % drug % drug
Ovary 6.66 7.62 7.98 1.9
SD 111 0.98 1.2 1.12
Mammary 1.3 7.08 11.2 4.65
SD 0.95 2.87 242 2.85
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3.2. Toxicity Evaluations

Changes in the serum AST and ALT levels are commonly used as biochemical markers for liver function. En-
zyme activities were studied at 6, 12, 24 and 48 hrs after oral administration of NPs, TMX tablet and free TMX.
TMX loaded GG NPs showed a reduction in hepatoxicity as compared to free TMX and TMX tablet. AST, ALT
levels in serum are normally increased in case of hepatotoxicity. As observed in (Figure 3(a) & Figure 3(b)),
the levels of these markers increased significantly in the case of TMX (p < 0.05) given orally while no signifi-
cant (p > 0.05) increase was observed in the case of TMX loaded GG NPs.

4. Discussion

Biodistribution, biodegradability, long circulation and toxicity has been the key issues of most of the carrier
system. Polymeric nanoparticles composed of synthetic and semi synthetic polymers suffers from toxicity, low
drug loading capacity and the drug is released within few hours after administration before reaching the target.
These factors limit the applications of polymeric NPs as drug-carrier systems. We prepared nanoparticles of
guar gum, a non toxic natural polymer containing tamoxifen citrate. Guar gum NPs can be loaded with a fair
amount of the drug and the loaded drug is released over a period of 48 h and shows tissue specific biodistribu-
tion.

From the biodistribution results it is evident that when TMX level in mammary tissue 6 h after NPs adminis-
tration was 1.3%, ovary TMX level was 6.66%. Initially a higher concentration of the drug was found at the
ovary tissue but with time the mammary TMX levels increased to 11.2% at 24 h after administration than 7.98%
in the ovary (Figure 2(a)). Mammary gland is the target organ of breast cancer treatment. The object of the
present study was to study the drug levels in the target and non target tissue. As seen from the observed data that
with prolonged time TMX levels in target tissue i.e. mammary, increased compared to the non-target tissue i.e.
ovary, of our study. It was also observed that in case of NPs administered group the TMX level in both mam-
mary and ovary was maximum at 24 h after administration (Figure 2(a)).

Also for the TMX tablet administered group, mammary TMX level was 9.48% at 12 h compared to 10.02% of
ovary TMX level at 12 h after administration (Figure 2(b)). As seen from the observed data that with time TMX
levels in target tissue i.e. mammary and non-target tissue i.e. ovary remained more or less the same (Figure
2(b)). The mammary and ovary TMX level in both the tissues were maximum at 12 h after administration
(Figure 2(b)). There is a clear difference in the biodistribution of TMX loaded GG NPs than the TMX in tablet
formulation in both mammary and ovary tissue of female albino mice (Figure 2(a) & Figure 2(b)).

Estrogen receptors (ERs) exist in the liver, lungs, breast, ovary, uterus, brain, heart and bone tissues and anti-
estrogen therapy of TMX principally affects these estrogen receptor (ER)-rich tissues [13]. On comparison of
the results of biodistribution from both the formulation of drug in the present study it is observed that, till 12 hrs
after administration the maximum uptake and retention of the drug from both the tablet and NPs was found in
ovary tissue which is the non target organ of the present investigation (Figure 2(d)). However at 24 and 48 hrs
after administration the comparison of both the formulation exhibited a reverse trend to each other (Figure 2(c)
& Figure 2(d)). While the uptake and retention of TMX from the tablet formulation remained maximum at
ovary at 24 hrs, on the contrary the uptake and retention of TMX from NPs remained maximum at the mammary
gland. The significantly high concentration of the drug in mammary gland at 24 and 48 hrs after NPs adminis-
tration clearly indicates the targeting ability of the prepared drug loaded guar gum nanoparticles. Thus it may be
assumed that these nanoparticles might become a promising high-performance delivery system for TMX for
treatment of breast cancer.

Guar gum and similar polysaccharides retain their integrity because they are resistant to the digestive action
of gastrointestinal enzymes. This family of natural polymers has an appeal to the area of drug delivery as it is
comprised of polymers with a large number of derivatizable groups, a wide range of molecular weights, varying
chemical compositions, and for the most part, a low toxicity and biodegradability, yet a high stability. The most
favorable property of these materials is that they are already approved as pharmaceutical excipients. As these
polysaccharides are usually soluble in water, they must be made water insoluble by crosslinking or hydrophobic
derivatisation. Cross-linking of the guar gum with glutaraldehyde reduces water uptake of nanoparticles which
in turn reduces swelling behaviour of guar gum in aqueous media [24]-[26]. High and superior mammary TMX
level at extended time intervals may be attributed to this cross-linking effect of the NPs. Our work is in good

agreement with earlier findings [27].
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Figure 3. (a)-(b) Serum AST and ALT levels at different time intervals.

The significantly higher concentrations of the drug loaded GG NPs reaching the mammary gland at 24 hrs and
48 hrs post administration compared with TMX tablet suggests sustained release of the drug from the nanocar-
rier in-vivo as well as the present findings may suggest the reduced toxic effects of NPs on non targeted ER pos-
itive tissue.

There is known evidences in the literature that TMX increases some hepatotoxicity markers levels like ALT
and AST in the plasma as well as in liver homogenate [28] [29]. AST and ALT level were not significantly in-
creased (p > 0.05) when TMX loaded GG NPs were administered orally for 48 hrs compared to the control
group without receiving any dose whereas these levels increased for free TMX administered in similar manner
as observed from Figure 3(a) & Figure 3(b). The increased hepatotoxicity marker levels for TMX could be at-
tributed to oxidative reactions that take place during its metabolism in the liver [30] [31]. It may be assumed that
the decreased hepatotoxicty of TMX after the encapsulation in GG NPs could be due to its ability to escape from
first pass metabolism in the liver.

The observations of insignificance differences with the serum AST and ALT activity from the control group
in the present investigation grossly suggest that with the doses administered under the present experimental con-
ditions of both the NPs and TMX tablet do not have any significant cytotoxic effect on liver which is the prima-
ry organ for detoxification of drugs and genobiotic substances.

Based on the results from this study, it might be possible that nanoparticle will enhance retention time and
amount of TMX in the tumors since a tumor in the body also behaves as an organ with blood supplies. Thus, the
present study represents the first step in exploring the potential of guar gum nanoparticles as TMX-delivery sys-
tem for use in tumor-diagnosis. Uptake and retention of TMX is under investigation with tumor-bearing animal
models and a cell line study with MCF7 cells is in process to evaluate the in-vitro cytotoxicity and sustained na-
ture of the GG NPs.

5. Conclusion

Nanoparticles by virtue of its size and properties are potential tools for treating cancer. Guar gum nanoparticles
containing tamoxifen citrate under the present investigation exhibited the benefits of nanoencapsulation for
highly protein binding drug tamoxifen citrate in passive targeting of cancer. The drug loaded nanoparticles pro-
vided superior biodistribution in mammary tissue which is the target organ in breast cancer treatment.
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