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Despite the several applications of modified cellulose, there is limited information on their
safety, and antidyslipidemic functions, which are the focus of this study. To address this,
cellulose isolated from Hibiscus sabdariffa cellulose was surface modified using nitrilotri-
acetic acid to produce nitrilotriacetic acid modified Hibiscus sabdariffa cellulose (HSNT). It
was characterized using Fourier transformed infrared spectroscopy (FTIR), X-ray diffraction
(XRD), thermogravimetric (TGA) analysis, scanning electron microscopy (SEM) and carbon,
hydrogen, nitrogen, sulfur/oxygen (CHNS/O) analyzer. The study further investigated the
safety of HSNT at the doses of 50, 100, and 150 mg kg~! body weight in albino rats after
a 7-day uninterrupted oral gavage. Histology of cardiac and hepatic tissues was observed,
in addition to estimation of clinico-biochemical parameters such as atherogenic index of
plasma (AIP), Castelli’s risk index (CRI-1), total cholesterol, high-density lipoprotein choles-
terol (HDL-C), triglyceride (TG), albumin (ALB), aspartate aminotransferase (AST) and ala-
nine aminotransferase (ALT). FTIR revealed peaks corresponding to the synthesis of HSNT,
while XRD showed HSNT to have a crystallinity index of 53.20% with a type I cellulose
crystal. HSNT had no significant effect on the absolute heart and liver weights, heart and
liver organo-somatic indices, TG, AST, and ALB. Exposure to HSNT-50 caused a significant
decrease in AIP levels. However, administration of HSNT-100 and 150 significantly reduced
ALT, total cholesterol, and CRI-1 levels but caused a significant elevation in HDL-C lev-
els. Cardiac histology revealed mild inflammatory and fatty infiltration of the myocardium,
while the significant indications of the hepatic morphology included congestion of vessels
and mild focal periportal infiltration at the HSNT-100 and HSNT-150 doses. Our preliminary
data seem to indicate the potential of HSNT modification to resolve blood lipid abnormal-
ities and make a case for an expanded study on its cardio-hepatic effects as well as study
to understand the causes of congestion in hepatic vessels.
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Introduction

Cellulose is a polysaccharide consisting of f—1,4-glycosidic linked D-glucose units with the general formula (CgH1qO5)n.
It is hydrophilic, soluble in some organic solvents and biodegradable with a chiral structure. Cellulose has unique properties
such as crystallinity, biodegradability, hydrophobicity, tensile and compressive strength, which grants its application in dif-
ferent fields of research [1]. These properties can be improved by a simple modification to form derivates of cellulose such
as hydroxyethyl, hydroxypropylmethyl, ethyl, sodium carboxymethyl, hydroxypropyl, methyl and carboxymethyl cellulose [2].
Cellulose is a unique resource in terms of structure and properties. It can serve as starting materials for other useful prod-
ucts due to the ease of the physical and chemical process of modification, which improves on its performance, especially
the microstructured architectures, which places modified cellulose as a promising and broadly applicable material in sev-
eral applications [3]. It exhibits low energy conformation due to its D-glucopyranose ring units chair configuration, which is
linked by B—1,4-glycosidic bonds. Being a polymer, each of its anhydroglucose unit contains three reactive hydroxyl func-
tional groups within its chain, which are positioned in its ring plane. The primary hydroxyl functional group is located at C6
while the secondary hydroxyl functional groups are located at C2 and C3 [1]. It is a linear homopolysaccharide and capable
of forming extensive intra and intermolecular hydrogen bonds [4]. The hydroxyl functional groups are mostly involved in
the modifications [5] with reaction, which includes esterification, sulphorization, amidation, oxidation, etherification, halo-
genation and urethanization [6].

One of the common derivatives or modified cellulose are the esterified cellulose. They are formed when cellulose reacts
with a carboxylic acid. Cellulose esters have found several applications in many industries like food, paper, pharmaceutical,
textile, and cosmetics [7]. They have been used in different types of pharmaceuticals such as drug delivery and control,
bioadhesives, tableting of drugs, thickening agent, stabilizers, binders, fillers, and gelling agents [8-10]. Despite the several
pharmaceutical applications of cellulose esters, there is limited information on its safety, atherogenic, and cardiac effects,
which is the focus of this study. Although there are no harmful effects reported for the use of cellulose, there is no con-
firmation either of the safety or atherogenic effect of its modified form. However, its effect will depend on the type of
modification the cellulose is subjected to, which makes it necessary to check the effect of such modified cellulose on clini-
cal indices.

Atherosclerosis, oxidative stress, and hyperlipidemia are risk factors associated with cardiovascular diseases [11], which is
responsible for millions of death annually [12]. Dyslipidemia is an abnormal or unhealthy amount of lipid in the blood sys-
tem. It is characterized by a low level of high-density cholesterol lipoprotein and high levels of total cholesterol, triglycerides,
and the low-density cholesterol lipoprotein [13, 14]. These characteristics contribute to the development of atherosclerosis,
which can be correlated with the magnitude of cardiovascular risks. Thus, finding a means to reduce the risk of cardiovas-
cular diseases which are increasing in both developed and developing countries with focus on an antidyslipidemic agent.
Although several synthetic therapies have been developed, they are expensive and have reported varied side effects [15],
which necessitates the search for cheaper and effective plant-based product that is from a renewable source. The use of
modified cellulose may serve this purpose in controlling the risk of cardiovascular diseases as they may exhibit antidyslipi-
demic functions due to the possibility of introducing different functional groups to it. However, to the best of our knowl-
edge, there are no currently reported studies on its atherogenic or cardiovascular functions. The present study, therefore,
investigated the safety, cardiac, and atherogenic effects of nitrilotriacetic acid modified cellulose in albino rats.

Materials and methods
Materials

The seeds of Hibiscus sabdariffa obtained from a garden in the University of Ibadan, identified at the Department of
Botany and Microbiology, University of Ibadan. They were ground in an industrial mill, extracted with n-hexane in order to
defat it and air-dried. Nitrilotriacetic acid, acetic acid, sodium hydroxide, chloroacetylchloride, sodium chlorite, and all other
chemicals used in this study were from Sigma-Aldrich (Brazil). Diagnostic kits (Randox Crumlin, UK) were used in the assays
involving HDLC, total cholesterol, TG, AST, ALT, and albumin. Other general reagents were supplied by Sigma Company (USA).

Isolation and modification of cellulose from the seed of hibiscus sabdariffa

Cellulose was isolated from Hibiscus sabdariffa as previously reported [5] using 500 g of the defatted Hibiscus sabdar-
iffa seed. The isolated cellulose (10 g) was poured into a three-neck round bottom flask containing chloroacetylchloride.
The mixture of cellulose and chloroacetylchloride was stirred at 80 °C for 2 h. Nitrilotriacetic acid (3 g) was added and
refluxed under continuous stirring for 5 h. The product formed was cooled to room temperature, distilled water added,
and centrifuged at 5500 rpm for 10 min. This step was repeated three more times using distilled water to remove excess
nitrilotriacetic acid. HSNT formed was dried overnight in the oven set at 50 °C to give a product yield of 94.97%.
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Characterization

HSNT was blended with KBr in a pellet and analyzed for functional groups using FTIR (Perkin Elmer, Spectrum RXI
83,303) in the range of 400 - 4500 cm~! while the elemental composition was evaluated using Perkin Elmer Series II
CHNS/O analyzer (Perkin Elmer, 2400, USA). The X-ray diffraction pattern was measured on an X-ray diffractometer (XRD-
7000X-Ray diffractometer, Shimadzu). The crystallinity index (I;) was determined using the height of 200 peaks (I,
260 = 22.5°) and the minimum intensity between the 200 and 110 peaks (Iay, 260=18°) expressed as:

I(%) = (W) « 100 1)

where Ijg, represents both crystalline and amorphous material, while Iy, represents the amorphous material only. The PSD
and zeta potentials were analyzed using a zeta potential analyzer (DT1200, Dispersion technology) at 25 °C. TGA was mea-
sured using a simultaneous DTA-TG apparatus (SHIMADZU, C30574600245). The surface area was measured as BET surface
area, and surface morphology was analyzed on micrograph using SEM (JEOL JSM-6360LV, Japan).

Water holding, oil holding, and swelling capacity

Water holding capacity (WC) was determined, as previously reported [16]. This was achieved using 0.5 g (X;) of sample
dispersed in 10 mL of distilled water in a pre-weighed, clean centrifuge tube (X), and spinned at 4000 rpm for 15 min.
The weight of the centrifuge tubes with the distilled water-soaked samples (X,) was recorded after the removal of the
supernatant. WC was estimated as:

(X — (X +X1)

wc (gg’l) = X

(2)

0il holding capacity (OC) was determined as previously described [17] by weighing 0.1 g (W) of HSNT into a calibrated
centrifuge tube containing 5 mL (V) of Picralima nitida seed oil. This was stirred continuously for 10 min and centrifuged
at 5000 rpm for 30 min. The supernatant Picralima nitida oil (V,) was removed, and the absorbed oil was calculated as:

Vi—-V;
w

HSNT was further analyzed for its swelling capacity (SC) by a process previously reported [18]. It involved weighing
0.5 g (W) of HSNT in a calibrated tube and measuring its initial bed volume (V;). This was mixed with 10 mL deionized,
shaken vigorously and placing it in water bath at 25 °C for 24 h. The final volume (V,) measured and the swelling capacity
estimated as:

oc (mlg™') = 3)

V,— Vi

SC (mLg™') = W (4)

Heavy metal adsorption capacity

The metal uptake capacity of HSNT towards Ni2*, Pb%*, Cu?t and Cd?* ijons was evaluated using nickel nitrate
(Ni(NO3),+6H,0), lead nitrate (Pb(NO3),), copper sulfate (Cu(SO4).5H,0) and cadmium sulfate (3CdSO4+8H,0) salts. The up-
take capacity was achieved by mixing 0.1 g of HSNT with 50 mL of different solutions of the metal ions at a concentration
of 100 mg L-! in beakers at 25 °C and 200 rpm for 3 h using an electric shaker. The resulting mixture was centrifuged
at 5000 rpm for 10 min to separate the HSNT from the solution. The metal ion concentrations before and after the shak-
ing were determined using Atomic Absorption Spectrometer (Varian AA240FS) and the metal ions adsorption capacity was
calculated as:

(G- GV

y (5)

Je =

Where qe is the adsorption capacity in mg g1, C, and C, are initial and final metal ion concentrations (mg L~1), respec-
tively, while M and V are weight (g) of HSNT and volumes (L) of metal ions solution.

Animals

Twenty adult male albino rats used in this study weighing between 160 and 190 g were purchased from the University
of Ibadan animal house facility in Ibadan, Oyo State, Nigeria. The animals were transported in a well-ventilated vehicle to
the Redeemer’s University Animal House, where they were acclimated, fed ad libitum, and provided unrestricted access to
tap water. All animals received humane care outlined by the University’s Ethical Committee (RUN/BCH/13/5248).
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Table 1

Water holding, oil holding and swelling capacities of HSNT.
Sample  Water holding capacity (g-')  Oil holding capacity (mL g~')  Swelling capacity (mL g~')
HSNT 6.407 + 001 5.296 + 0.05 2.240 + 0.02

Values are expressed as Mean £ SEM (3 replicates).

Experimental design

Albino rats were randomly divided into control and three treatment groups (n = 5) and orally administered with HSNT
for seven consecutive days. The control group was administered normal saline while the treatment groups were adminis-
tered with 50, 100, and 150 mg kg~! HSNT, i.e., HSNT-50, HSNT-100, and HSNT-150, respectively. The doses and duration
were selected based on previously reported studies [19, 20].

Preparation of samples, and estimation of selected clinical markers

After seven days of administering HSNT, the animals were fasted overnight and euthanized following a cervical dislo-
cation procedure. Heart and liver were excised for histology while the plasma was used to assess clinical markers such as
HDL-C, total cholesterol, TG, AST, ALT, and albumin. These biochemical variables were measured in plasma using a spec-
trophotometer (Bibby Scientific Jenway 7305 UV, UK) according to the manufacturer’s specifications. The AIP was calculated
as the 10 logarithm of the ratio of the concentration of TG to HDL-C, as previously described [21]. In addition, the CRI-1 was
calculated as the ratio of TC to HDL-C [22]. The heart and liver organo-somatic indices (HOSI and LOSI) were calculated as:

) . Absolute tissue weight
- I = - 1
Organo — somatic Indices Body weight x 100 (6)

Histological studies

The histology was carried out as previously described [23] with little modifications. Briefly, three representative samples
of heart and liver tissues were harvested from each group and fixed in 10% formalin. The fixed tissues were subsequently de-
hydrated in ascending grades of alcohol (70%—100%), and embedded in paraffin using embedding rings. Blocks were placed
at 4 °C for 15 min to solidify. Sections (~5 pm) were cut using a Reichert-Jung rotary microtome, placed in water bath at
a temperature of 45 °C for 10 min and then put on silinated slides. Slides were allowed to dry overnight in an 37 °C oven,
and stained with haematoxylin and eosin. Specimens were then examined for histopathological changes with an Amscope
microscope camera attached to an electrical light microscope.

Statistics

Data were captured as the mean =+ standard error of the mean (with significance at p<0.05). Further analyses were per-
formed using a one-way analysis of variance (ANOVA) and Dunnet’s post hoc test (Version 8: Graph Pad Prism software, Inc.,
San Diego, CA).

Results
Synthesis and characterization of HSNT

Fig. 1a showed peaks corresponding to the different functional groups present on the synthesized HSNT. Fig. 1b revealed
a crystallinity index of 53.20% for HSNT. As presented in Fig. 1c, HSNT exhibited potential ranging from 0.00 to —3.00 mV.
The CHNS/O analysis revealed a carbon content of 49.35%, hydrogen of 9.84%, and nitrogen of 3.03%. The surface area was
found to be 10.00 m2g-! (Fig. 1d). The particle size distribution of HSNT was found to be monomodal, with mean size
of 0.171 (Fig. 2a) and being homogeneous and flaky on the surface (Fig. 2b). The thermal degradation pattern is shown in
Fig. 2c with four degradation stages of mass loss. The metal adsorption capacity of HSNT towards some selected metals ions
(Pb2+, Cu?t, Ni2* and Cd?t) is presented in Fig 2d. HSNT demonstrated the highest adsorption capacity and percentage
removal towards Pb%*ions. Table 1 expressed the capacities of HSNT to uphold polar and non-polar molecules.

Effect of HSNT on absolute organ weights, organo-somatic indices, and plasma total protein

The organs of the albino rats increased after the feeding period when compared to the control (Table 2). The highest
heart (0.69 + 0.04 g) and liver (6.23 4+ 0.40 g) weights were recorded for HSNT-50. However, there was no significant
difference in the values obtained.
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Fig. 1. FTIR (a), XRD (b), Zeta potential (c) and BET surface area (d) of HSNT.

Table 2

Absolute organ weights, organo-somatic indices and plasma total protein levels of Albino
rats fed with HSNT.

Control HSNT-50 HSNT-100 HSNT-150
Heart (g) 0.55 +£0.04 069 +£0.04 057 +£0.02 0.68 + 0.09
HOSI 030 +0.04 069 +0.02 030+ 0.01 0.28 + 0.03
Liver (g) 460 + 050 6.23 £040 531 +034 594+ 099
LOSI 029 £0.03 0.32+0.02 0.30=+0.01 0.28 + 0.03

Total protein (mgg - ') 275+ 0.04 3.10+ 020 2.81+0.16 295+ 0.12

Values are expressed as Mean + SEM (n = 5).

HOSI = Heart organo-somatic indices.

LOSI = Liver organo-somatic indices.

HSNT-50 = Treatment group fed with nitrilotriacetic acid modified Hibiscus sabdariffa cellu-
lose at 50 mg kg~'.

HSNT-100 = Treatment group fed with nitrilotriacetic acid modified Hibiscus sabdariffa cel-
lulose at 100 mg kg~'.
HSNT-150 = Treatment group fed with nitrilotriacetic acid modified Hibiscus sabdariffa cel-
lulose at 150 mg kg!.

Effect of HSNT on tradition and non-traditional lipid parameters

Treatment of rats with HSNT did not significantly alter the TG levels when compared with the control groups (Fig. 3),
however, HSNT-100 and HSNT-150 significantly depleted the total cholesterol levels while concomitantly elevating the HDL-
C levels. Furthermore, a significant decrease in AIP levels was observed at the HSNT-50 treatment, but for the CRI-1 ratio, a
decline was observed at the higher doses of 100 and 150 mg kg~! of HSNT (Fig. 4)

Effect of HSNT on hepatic function indices

Administration of HSNT to rats at all treatment doses elicited a non-significant decrease in AST and ALT levels compared
to control (Fig. 5). The least reduction in ALT level was found at dose HSNT-150.
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Fig. 3. Effect of HSNT on traditional lipid profile parameters in rats. Values are expressed as
mean +SEM (n = 5). * Significantly different from control (p<0.05).
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Fig. 5. Effect of HSNT on hepatic function markers in rats. Values are expressed as mean +SEM (n = 5). * Significantly different from control (p<0.05),
ALT = Alanine aminotransferase, AST = Aspartate aminotransferase.

Effect of HSNT on the cardiac and hepatic histology of rats

The results showed mild infiltration of myocardium with inflammatory cells in HSNT 100 and 150 group (Fig. 6a and 6b).
On the other hand, the liver of rats in the control and HSNT-50 groups presented normal-looking morphology, while those
treated with HSNT-100 and HSNT-150 showed periportal infiltration as well as congestion of blood vessels (Fig. 6b).

Discussion

The FTIR revealed peaks at 3450 and 2950, which may be assigned to frequencies of hydroxyl and alkane functional
groups, respectively. The presence of the hydroxyl functional groups suggests that the modification reaction occurred in the
amorphous region, while the hydroxyl group in the crystalline regions were untouched [24]. The peak at 1735 cm~! was
attributed to the ester carbonyl group formed as a result of the reaction between the hydroxyl functional group on the
cellulose and the carboxylic acid group of the nitrilotriacetic acid. The ester functional group of HSNT may probably be
responsible for the biofunction exhibited by HSNT in this study. The peak at 2846 and 1365 cm~! were attributed to C-H
stretching and bending vibration of C-O bonds in the polysaccharide aromatic rings, respectively. The peak found at 1650
cm~! was attributed to the unreacted carboxylic acid group from nitrilotriacetic acid on the surface of the cellulose. Peaks
at 1161 and 1100 cm~! were accounted as being peaks from C-O-C stretching of lignin and C-O vibrational stretching of
cellulose, respectively. A peak, observed at 1025 cm~!, was assigned to the C-0O-C pyranose ring stretching vibration while
the peak at 905 cm~! was attributed to the stretching at B-(1—4) glycosidic linkages.

The XRD diffractogram of HSNT revealed a pattern, attributed to that of a typical of cellulose I crystal [17]. The zeta
potential increased with pH, which later reduced at pH 6. The potential distribution at the surface of HSNT showed that
the material is stable in liquid medium [25]. The zeta potential is also an indication of the surface charge of HSNT [26].
The CHN analysis confirmed the elemental composition of HSNT to be carbon, hydrogen, and nitrogen. The surface area
is small with particle size distribution, with the SEM image revealing its surface as homogeneous. Thermal degradation
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Fig. 6. (a): Representative photomicrographs of the heart showing normal-looking myocardium in control, HSNT-50 and HSNT 100 groups. Rats treated
HSNT-150 showed mild infiltration of the myocardium with inflammatory cells (arrowed). Haematoxylin and Eosin staining, Magnification 400 X, (b):
Representative photomicrographs of the liver showing normal-looking morphology in control and HSNT-50 groups. Rats treated HSNT-100 and HSNT-150
animals fed with HSNT100 and HSNT-150 presented with congestion of vessels (short arrows) and focal periportal infiltration (long arrow). Haematoxylin
and Eosin staining, Magnification 400 X, HSNT-50 = Treatment group fed with nitrilotriacetic acid modified Hibiscus sabdariffa cellulose, at 50 mg kg~!,
HSNT-100 = Treatment group fed with nitrilotriacetic acid modified Hibiscus sabdariffa cellulose, at 100 mg kg~!, HSNT-150 = Treatment group fed with
nitrilotriacetic acid modified Hibiscus sabdariffa cellulose, at 150 mg kg~'.

revealed an initial loss at a temperature range of between 65 °C and 150 °C, which may be attributed to the loss of water
molecules in HSNT. Possibly, loss of volatile molecules might have taken place also at this temperature. The second stage of
degradation occurred at 150-350 °C, which was accounted for as being the degradation leading to the formation of 1,4 and
1,6 anhydroglucopyranoside while the third stage took place at 350-460 °C, which was assigned to the depolymerization at
1,4 glycosidic bond [27]. The last stage involved pyrolysis to lower molecules and the loss of lignin and char [28].

HSNT showed high adsorption capacity preference towards Pb2+ (45.30 mg g~!) while the least capacity was expressed
towards Cd%* (35.05 mg g~1). Cu was 41.10 mg g~ and capacity towards Ni was 39.20 mg g~!. The percentage removal was
in the range Pb2t (90.60%) > Cu2* (82.20%) > Ni2* (78.40%) > Cd?+ (70.10%). The swelling capacity is the expression of the
amount of water that HSNT can absorb. The ability of HSNT to hold water molecules may be attributed to the presence of
a hydroxyl group in its molecule. The water holding capacity may be due to the ability of the hydroxyl group to undergo
hydrogen bonding with the water molecules, which may suggests its possibility of being absorbed in biological system like
when fed into rat. The water holding capacity of HSNT was found to be 6.407 + 001 g~1. The oil holding capacity of HSNT
relates to the amount of oil it can retain per unit weight. This is also an indication of its interactive capacity with non-polar
molecules. In the case of HSNT, the value was 5.296 + 0.05 mL g~!. The swelling was found to be 2.240 + 0.02 mL g~1.

There were no observable treatment-induced adverse effects on animals in the course of the study. Moreover, the ab-
solute weights and heart and liver organo-somatic indices were not significantly altered by the administration of HSNT.
Although HSNT did not alter TG levels significantly, its presence lowers the total cholesterol levels at HSNT-100 and HSNT-
150 significantly. Usually, an increase or decrease in TG and total cholesterol occur when there are abnormalities in the
degradation, synthesis, and transport of their associated lipoprotein particles[29]. Several epidemiologic studies [29-32] have
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linked changes in TG and total cholesterol to atherosclerotic cardiovascular diseases and other coronary heart diseases. The
recorded significant decrease in the total cholesterol level is an indication that HSNT may be useful in managing hyper-
lipoproteinemia. The reduced levels of total cholesterol further suggest that HSNT might serve as a protective factor against
the development of the atherosclerotic cardiovascular disease. The decrease in HDL-C levels further supports the suggestion
that HSNT may be useful in the management of hyperlipoproteinemia.

Studies have successfully reported the use of AIP as an index for assessing cardiovascular risk factors [33,34]. The current
AIP values of HSNT suggests a fair risk factor [35]. Furthermore, the CRI-1 may be used to predict the prevalence of a
predisposition of cardiovascular risk [36]. The index indicated a major significant difference when the control group was
compared with groups fed with 100 and 150 mg kg~! of HSNT. Studies have shown that a low-fat meal may help reduce
ALT [37]. The significant reduction in ALT may be attributed to the fat-reducing ability of HSNT. The reduced ALT value
further corroborates its ability to reduce total cholesterol. This is an indication that HSNT may be a protective factor that
may help reduce ALT levels. Previous studies have also reported the consumption of coffee as a protective factor [38,39]
in this regard. Most plant extracts that have shown prospects as protective agents for elevated ALT are not pure molecules
but a mixture of naturally occurring molecules. However, HSNT is pure, it was produced from purely isolated cellulose from
Hibiscus sabdariffa and during production of HSNT we ensured that no undesired residue was included in it; however, it can
function as a single molecule with a unique identity with promising protective factors for elevated ALT.

Histological observations of the heart following the administration of different doses of HSNT revealed no significant
lesions in control, HSNT-50, and HSNT 100 groups. Similar observation has been reported for the use of exopolysaccharide
isolated from Bacillus subtilis on cardiovascular diseases and atherogenic indices in rats [39]. However, mild infiltration of
the myocardium at the highest dose of HSNT-150 was observed. In a similar trend, there were no observable histological
distortions in the hepatic morphology of rats in control and HSNT-50 groups. Contrariwise, animals fed with HSNT-100
and HSNT-150 presented with congestion of vessels, mild steatosis, and focal periportal infiltration. It might be difficult to
conclude in clear terms on what may be attributed to the contrary observation; however, it is necessary to further study
the cardio-hepatic effects of HSNT in future studies.

Conclusion

The administration of HSNT in albino rats significantly elevated HDL-C without significant organ damage at low doses,
while ALT was significantly reduced. The photomicrographs revealed no significant lesions in control, HSNT-50, and HSNT
100 groups. This study hence provides preliminary pre-clinical data on the safety profile of HSNT.
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