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Natural polymer research has recently become the focus of intensive research in the quest for new enabling excipients for novel
drugs in pharmaceutical formulation for optimal treatment outcomes. Evaluations of some excipients have shown deleterious
haematological effects of varying extents on the safety profile of these excipients. A 90-day subchronic toxicity study was conducted
to evaluate the influence of cocoa pod husk (CPH) pectin on indicators for haematotoxicity. Male and female Sprague Dawley rats
(SDRs) were fed with CPH pectin in doses up to 71.4 mg/kg. The effects of CPH pectin on the haematological indices, direct and
total bilirubin, and the spleen were determined. The results indicated that CPH pectin did not induce any untoward toxic effects
on the haematological indices, bilirubin levels, and the spleen. There were, however, elevations in MCV at day 30, which was not
sustained after the 90 days. The data obtained from this study did not reveal any remarkable findings of toxicological relevance to
the haematopoietic system.

1. Introduction

Pharmaceutical excipient development is important in the
optimization of pharmaceutical formulation and drug deliv-
ery [1]. The quality of medicines depends also on the per-
formance of excipients and not only on the active substances
[2]. Excipients tend to play multifunctional roles in modern
pharmaceutical dosage forms [3]. A promising direction in
the quest for novel excipients is in natural polymer material
research. Natural products are economical, readily available,
capable of modifications, biocompatible, and biodegradable
and have an eco-friendly profile [1, 4].

The development of natural polymers as excipients has
attracted much interest, as they have unique properties that

can be tailored for diverse applications based on their large
chains and functional groups. In addition, they can be modi-
fied with low and high molecular weight materials to achieve
new materials with varied physicochemical properties [1,
5]. Consequently, the successful development of these poly-
mers as excipients has yielded various applications including
matrix controlled system, film coating agents, buccal films,
microspheres, nanoparticles, implants, viscosity enhancers,
stabilisers, disintegrants, solubilisers, emulsifiers, suspending
agents, gelling agents, and binders in drug formulation [6].

Cocoa is an important agricultural and economic crop
in Ghana, West Africa. Processing of the cocoa pod husks
(CPHs) after removing the cocoa beans to useful products
like pectin is a means of adding value to the pod husk
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waste generated [7, 8]. Pectins are natural polymers con-
taining linear chains of (1, 4)-linked 𝛼-d-galacturonic acid
residues, with methyl esters of uronic acid [9]. CPH pectin
is extracted from pod husk waste after processing of cocoa
beans. A previous study reports CPH pectin as having the
requisite physicochemical characteristics to be used as a
multifunctional pharmaceutical excipient with remarkable
properties [10]. The CPH pectin has a moisture content of
0.19 ± 0.06%, ash value of 1.0%, degree of esterification of 26.8
± 2.5% (low-methoxyl pectin), and swelling index of 357.3 ±
4.6, 274.7 ± 4.6, and 360.0 ± 0.0 in 0.1 M HCl, phosphate
buffer pH 6.8, and distilled water, respectively [10]. A study
by Yapo et al. indicated that CPH pectin has an intrinsic
viscosity of 162–304 mL/g and an average molecular weight
of 43–82 kDa under the specified extraction conditions
[11].

Chronic diseases such as those influenced by the cir-
cadian rhythm are better managed by controlled release
formulations than by conventional formulations, which yield
a suboptimal treatment outcome, hence the need for such
suitable controlled release formulations for optimal drug
delivery and enhancement of patient compliance. Pectin has
been investigated as matrix controlled systems [6, 12]. Initial
exploratory investigations demonstrated the usefulness of
CPHpectin as a rate controlling polymer in controlled release
formulations for chronic diseases and chronic conditions
influenced by the circadian rhythm.

Some chronic conditions of the liver, kidney, and adrenal
insufficiency are associated with comorbidities and reports
of adverse haematological effects such as macrocytosis, iron
deficiency, poor utilization of red cell iron, depressed for-
mation of red cells, and reduced saturation of iron binding
protein [13], anaemia [14], and thrombocytopenia [15].White
blood cell count and haemostatic factors play a role in cardio-
vascular disease, involving disorders of the heart and blood
vessels [16]. Similarly, abnormal granulocytic counts had an
influence on chronic airways disease [17]. Furthermore, the
use of certain herbal preparations for the treatment of such
chronic conditions has resulted in some harmful effects such
as haematuria from such preparations [18]. Consequently, the
treatment of such chronic conditions should not be associated
with synergistic or additive effects and a higher risk of further
vulnerability to disease resulting from excipients. The effects
of excipients should not also confound the diagnosis of other
haematological disorders in this regard.

Drug is administered and absorbed to be transported
by the blood to the site of action [19]. It is essential that
the function of haematological indices like haemoglobin and
disease fighting cellular components (e.g., leucocytes) and the
blood coagulation system are not impaired in anyway by the
excipients present in the drug formulation.

Haematological evaluation of some excipients has shown
them to be associated with erythrocyte destruction and
the potential for haemolysis, incidences of leucopenia and
lymphocytopenia [20], leukaemia [21], and a reduction in
haemoglobin and haematocrit after administration of some
solubilizing enhancing agents [22]. In addition, the toxicity
profile of the excipient is influenced by the route of adminis-
tration [22].

In view of these, it is essential that the enabling excipients
for the drug formulation in the treatment of such chronic
conditions should have the desired safety profile for con-
tinuous long-term administration. In the past, excipients
were considered as components of a pharmaceutical dosage
form, aside of the active ingredient, which were “inert.” This
concept of excipients has evolved over time, as they are
now regarded as functional components of pharmaceuticals
[2, 23]. Excipients could be of animal, plant, or mineral
origin. The variation in the sources of natural excipients
requires adequate quality assurance and safety evaluation to
be undertaken. Previous reports indicate biological activities
of pectin to include ability to reduce blood cholesterol levels,
ability to combat heavy metal poisoning of the blood, and
having haemostatic and antidiarrhoeal action [24, 25].

Moreover, excipients are not always inert with regard
to their biological behavior. Excipients of natural origin are
capable of exhibiting biological activity [26] which could
invariably affect their safety profile [21]. Another concern
is related to the extraction of such natural polymers, which
could be accompanied with other trace phytochemical and
biological constituents [23].

The limited information available on the effect of CPH
pectin on the haematological profile necessitates an evalua-
tion after long-term oral continuous administration on the
major indices of haematological toxicity in Sprague Dawley
rats (SDRs) [27]. Thus, the study investigated the effect of
CPH pectin on some haematological indices, bilirubin, and
also the histology of the spleen.

2. Materials And Methods

2.1. Materials. Freeze-dried CPH pectin with degree of ester-
ification of 26.8% extracted with hot water (hot water soluble
pectin,HWSP) and 4%w/v hot aqueous citric acid (citric acid
soluble pectin, CASP), as described elsewhere [10], were used
for the study.

2.2. Animal Husbandry and Maintenance. Healthy male and
female Sprague Dawley rats, approximately 6 weeks old,
were obtained from the Animal House of the Centre for
Plant Medicine Research (CPMR), Mampong-Akwapim, in
the eastern region of Ghana. The animals were housed in
stainless steel wire mesh cages with soft wood shavings under
experimental conditions (temperature 22 ± 2∘C, relative
humidity 60–70%, and 12 h light-dark cycle) and fed with
feed from Agricare Co., Ltd., Accra, Ghana. The animals had
access to clean water ad libitum. The study was conducted
in accordance with the Institutional Research Committee of
the CPMR responsible for Animal Care and Use, as well as
the National Institute of Health Guidelines for the Care and
Use of Laboratory Animals as found in the US guidelines
[28].

2.3. Animal Grouping And Treatment. Twenty-four male
Sprague Dawley rats were randomly grouped into four
experimental groups (𝑛=6) according toweights.The control
(Group A) was given distilled water orally at 5 ml daily
for the duration of 90 days, the second set of test animals
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(Group B) was given 0.714 mg/kg of CPH pectin, the third
set (Group C) was given 7.14 mg/kg of CPH pectin, and the
last set (Group D) was given 71.4 mg/kg of CPH pectin, all
by oral gavage. The experiments were repeated with twenty-
four female rats placed in four groups (𝑛 = 6). It was ensured
that the female rats were nulliparous and not pregnant. All
the animals received treatment for the 90-day period. The
animals were observed andmonitored daily formortality and
any clinical signs of toxicity or abnormality.

2.4. Body Weights. Each rat in the experimental groups was
weighed on day 0 and thenweekly for the 90-day study period
for each of the dose levels.

2.5. Food And Water Consumption. The food and water
consumed by each rat were monitored for the 90-day period.

2.6. Haematology. Blood samples were taken from each rat
via tail bleeding into Eppendorf tubes containing EDTA for
haematological analysis the same day.The RBC, WBC, HGB,
HCT, MCV, MCH, MCHC, RDW-SD, and RDW-CV% were
measuredwith an automated haematology analyzer (KX-2IN,
Sysmex Corporation, Japan). This was done every 30 days
over the 90-day period.

2.7. Serum Biochemistry. The animals in each group were
fasted overnight before blood collection the next day. Blood
samples for the biochemical analysis were collected into
BD-serum separator tubes. The blood samples were then
centrifuged at 3000 rpm for 10 minutes. The serum obtained
was then stored at 4∘C and used later for analysis of direct and
total bilirubin the next day.The analysis was conducted every
30 days over the 90-day period.

2.8. Animal Sacrificing. A trained expert euthanized the rats
by cervical dislocation on the same day the experiment was
performed.

2.9. Histopathology. Tissue obtained from the spleen was
preserved in 10% formalin. The spleen tissue was then
processed, embedded in paraffin, and sectioned at 3–5 um.
After this, the sections were stained with haematoxylin-eosin
for the microscopic examination [29].

2.10. Statistical Analysis. Statistical analysis of the data
was done using GraphPad Prism version 5.03. The results
obtained were expressed as mean ± standard error of mean
(SEM) (n = 6). Significant differences between dose groups
and controls were evaluated by performing a two-way analy-
sis of variance (ANOVA) and a one-way ANOVA. If the test
showed significant differences, the Bonferroni or Dunnett’s
post hoc analysis was performed, respectively. P value less
than 0.05 was considered significant.

3. Results

3.1. Mortality. There was no mortality associated with the
study.

Table 1: Results showing the effect of CPH pectin on body weight
change in SDRs.

Week Control 0.714 mg/kg 7.14 mg/kg 71.4 mg/kg
Male

0 161.00±4.62 163.00±4.70 161.67±3.39 171.30±4.13
4 209.50±6.46 230.83±6.17 229.33±4.05 227.50±4.80
8 234.17±4.48 260.00±7.90 256.87±8.65 249.50±5.50
13 267.67±16.87 272.50±12.26 266.17±12.36 270.30± 10.00

Female
0 133.00±1.24 162.67±0.88 153.17±0.98 117.83±0.79
4 173.70±5.29 179.17±1.49 173.83±2.17 161.50±2.88
8 186.83±6.93 184.50±3.37 182.00±0.45 180.67±4.24
13 200.50±7.84 190.83±1.49 185.50±2.26 189.00±4.40

3.2. Food and Water Consumption. There was no significant
variation in the food and water consumption among the
groups under study.

3.3. Effect of CPHPectin onWeight Change inMale and Female
Sprague Dawley Rats. There was a consistent weight gain
(P>0.05) in male rats. There were, however, no dose-specific
patterns in body weight related to treatment. Female rats
demonstrated rapid weight gain during the first four weeks
and a slower rate thereafter. There were slight changes in
female bodyweight (𝑃 < 0.05) atweek 13 prior to termination.
There were no dose-specific patterns in body weight related
to treatment (Table 1).

3.4. Effect of CPH Pectin on RBC Indices of Male and Female
Sprague Dawley Rats. Table 2 shows the influence of the
administration of CPH pectin on haematological indices
for the male rats after a 90-day subchronic toxicity study.
In comparison to the control, treated animals showed no
remarkable changes with 𝑃 > 0.05 except for the MCV
value for male rats treated with medium dose (7.14 mg/kg)
after day 30 (𝑃 < 0.01). All other parameters showed
similar results at 30 and 60 days except for MCV. Values
for MCV indicated an isolated statistically significant reduc-
tion with the medium dose group after 30 days. Table 3
shows the influence of the administration of CPH pectin
on haematological indices for the female rats after a 90-
day subchronic toxicity study. In comparison to the control,
treated animals showed no remarkable changes. All other
parameters showed similar results at 30 and 60 days except for
MCV.

3.5. Effect of CPH Pectin on WBC Indices of Male and Female
Sprague Dawley Rats. Table 4 shows the effect of CPH pectin
on the levels of leucocytes, lymphocytes, and neutrophils in
male SDRs for the 90-day subchronic toxicity study. Minor
fluctuationswere observed in both control and treated groups
during the 90-day administration of CPH pectin with no
marked effects (𝑃 > 0.05) on these white blood cell indices.
Similarly, there were minor fluctuations observed for the
female rats in both control and treated groups during the 90-
day administration of CPH pectin (Table 5).
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Table 2: Results showing the effect of CPH pectin on red blood cell indices of male rats.

Red blood cell indices Day Control Low dose
0.714 mg/kg

Medium dose
7.14 mg/kg

High dose
71.4 mg/kg

RBC (x 106/ul)
30 8.72±0.09 9.16±0.23 8.93±0.14 8.91±0.13
60 8.78±0.07 8.68±0.12 8.58±0.18 8.60±0.11
90 9.03±0.11 8.90±0.12 8.77±0.15 8.91±0.14

HGB (g/dl)
30 15.00±0.18 15.52±0.36 15.63±0.43 15.48±0.16
60 15.37±0.20 15.18±0.34 15.03±0.22 15.08±0.12
90 15.50±0.13 15.38±0.34 15.35±0.27 15.35±0.18

HCT (%)
30 49.47±0.59 49.68±0.68 49.87±1.07 48.52±0.61
60 47.48±0.67 47.10±1.21 45.87±0.83 46.88±0.68
90 48.82±0.44 49.97±0.97 47.62±0.88 50.30±0.78

MCV (fl)
30 55.60±0.19 54.92±0.62 52.95±0.26∗∗ 53.73±0.35
60 53.20±0.31 52.65±0.57 53.50±0.36 54.23±0.40
90 54.08±0.70 53.50±1.11 54.83±0.53 55.88±0.49

MCH (pg)
30 17.08±0.18 16.93±0.26 16.98±0.22 17.15±0.13
60 17.32±0.11 17.10±0.26 17.52±0.16 17.55±0.12
90 17.05±0.11 16.92±0.21 17.47±0.39 17.47±0.11

MCHC (g/dl)
30 30.63±0.25 30.53±0.18 31.90±0.19 31.63±0.12
60 32.37±0.13 32.23±0.19 32.80±0.16 32.18±0.29
90 31.83±0.12 31.22±0.59 31.60±0.85 30.90±0.18

RDW-SD (fl)
30 29.55±0.26 29.55±0.30 28.00±0.39 27.75±0.40
60 27.50±0.24 27.03±0.27 27.52±0.07 27.68±0.31
90 28.55±0.91 29.87±1.28 28.23±0.76 29.83±0.45

RDW-CV (%)
30 13.55±0.56 14.70±0.77 14.57±0.38 12.53±0.39
60 13.03±0.63 13.08±0.58 13.12±0.33 13.03±0.36
90 14.30±1.14 15.33±1.40 13.57±0.57 13.58±0.50

∗∗Significantly different (𝑃 < 0.01)

3.6. Effect of CPHPectin on Platelet Indices ofMale and Female
Sprague Dawley Rats. Analysis of platelet indices (Table 6)
showed no significant changes (𝑃 > 0.05) in platelet count
(PLT), though there were insignificantminor reductions after
day 30 in male rats. Similarly, there were no remarkable
changes in the ratio (P-LCR) and size (PDW and MPV) after
the 90-day continuous administration of CPH pectin. Again,
analysis of platelet indices in female rats (Table 7) showed no
significant changes (𝑃 > 0.05) in platelet count (PLT). There
was minor reduction of no significance after day 30 in the
female rats. Similarly, there were no remarkable changes in
the ratio (P-LCR) and size (PDW andMPV) after the 90-day
continuous administration of CPH pectin

3.7. Effect of CPHPectin on Bilirubin Levels ofMale and Female
Sprague Dawley Rats. Table 8 shows the influence of CPH
pectin on direct and indirect bilirubin levels after a 90-day
continuous administration of CPH pectin in male SDRs. In
comparison to the control, there were insignificant elevations
in bilirubin at day 30 (𝑃 > 0.05) in the treated groups. There
were no remarkable changes observed in bilirubin levels for
days 60 and 90 (𝑃 > 0.05). The effect of CPH pectin on
indirect bilirubin levels showed insignificant elevations in
bilirubin at day 30 (𝑃 > 0.05) in the treated groups. There

were no remarkable changes observed in the levels for days
60 and 90 (𝑃 > 0.05).

Similarly, in the female rats (Table 9), there were generally
insignificant reductions in direct bilirubin levels with no
dose-specific pattern. There were no remarkable changes
observed in bilirubin levels for the 90-day study period (𝑃 >
0.05). In comparison to the control, there were no remarkable
changes observed in indirect bilirubin levels for the 90-day
study period in female rats as well (𝑃 > 0.05).

Table 10 shows the effect of CPH pectin on total bilirubin
levels after a 90-day continuous administration of CPH
pectin in male SDRs. In comparison to the control, there
were insignificant elevations in total bilirubin at day 30
(𝑃 > 0.05) in the treated groups. Generally, there was a
reduction in total bilirubin levels observed for days 60 and
90 (𝑃 > 0.05) with no dose-specific pattern. There were no
remarkable changes observed in total bilirubin levels. Again
there were generally insignificant reductions in total bilirubin
levels (P > 0.05) with no dose-specific pattern in female
rats.

3.8. Effects of CPH Pectin on the Spleen of the Female SDR
Spleen. Figure 1 shows tissues from the spleen with normal
white pulp, consisting of lymphocytes, and normal red pulp,
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Table 3: Results showing the effect of CPH pectin on red blood cell indices for female rats.

Red blood cell indices Day Control Low dose
0.714 mg/kg

Medium dose
7.14 mg/kg

High dose
71.4 mg/kg

RBC (x 106/ul)
30 8.13±0.10 8.36±0.18 7.72±0.19 8.25±0.11
60 7.77±0.06 8.15±0.15 7.96±0.14 7.88±0.14
90 8.08±0.10 8.14±0.21 8.14±0.17 8.26±0.12

HGB (g/dl)
30 15.40±0.12 14.57±0.23 14.20±0.26 14.98±0.08
60 14.95±0.13 14.87±0.27 14.27±0.29 14.62±0.15
90 15.18±0.19 14.72±0.28 14.82±0.23 15.18±0.19

HCT (%)
30 43.80±0.47 42.88±0.40 41.42±0.86 43.48±0.40
60 42.75±0.39 43.95±0.69 41.97±0.60 42.83±0.54
90 44.30±0.94 43.87±0.87 44.22±0.68 44.97±0.65

MCV (fl)
30 53.85±0.61 52.35±0.35 53.70±0.54 52.73±0.39
60 54.97±0.26 53.93±0.36 54.23±0.44 54.37±0.50
90 54.72±0.61 53.97±0.68 54.32±0.40 54.42±0.38

MCH (g/dl)
30 18.95±0.14 17.78±0.15 18.38±0.18 18.15±0.17
60 19.23±0.10 18.23±0.21 17.96±0.50 18.58±0.21
90 18.82±0.12 18.10±0.26 18.20±0.16 18.38±0.13

MCHC (g/dl)
30 34.97±0.30 34.48±0.26 34.67±0.18 34.80±0.18
60 34.55±0.12 34.00±0.14 34.32±0.20 34.12±0.16
90 34.37±0.20 33.63±0.09 33.82±0.22 33.83±0.07

RDW-SD (fl)
30 26.00±0.18 26.22±0.23 25.98±0.21 25.98±0.13
60 26.68±0.16 26.72±0.22 26.62±0.23 26.62±0.23
90 26.58±0.20 26.58±0.12 26.75±0.59 26.16±0.10

RDW-CV (%)
30 11.53±0.25 11.37±0.24 11.50±0.79 10.95±0.15
60 11.50±0.26 11.70±0.25 12.25±0.92 11.37±0.21
90 11.35±0.31 11.67±0.09 11.93±0.89 11.17±0.44

Table 4: The influence of CPH pectin administration on white blood cell indices for male rats.

White blood cell indices Day Control Low dose
0.714 mg/kg

Medium dose
7.14 mg/kg

High dose
71.4 mg/kg

WBC (x103 ul)
30 14.38±0.56 13.43±0.78 13.03±0.49 13.80±0.59
60 14.47±1.48 12.60±1.09 13.68±0.80 12.50±1.18
90 10.63±0.65 10.65±0.67 10.28±0.56 11.13±0.69

LYM (%)
30 76.57±4.80 78.03±3.39 79.28±1.65 75.13±1.38
60 78.12±2.12 75.20±2.19 78.58±4.23 74.72±7.42
90 71.95±2.54 67.13±0.63 68.98±4.19 68.60±3.81

NEUT (%)
30 17.33±1.90 17.07±1.05 17.50±1.40 17.52±2.08
60 15.77±1.58 16.65±1.45 16.45±1.91 14.13±2.88
90 21.42±2.20 20.00±0.76 19.96±2.80 20.40±2.46

consisting of vessels with red blood cells. There are regular
lymphoid aggregates.

4. Discussion

Essential oils, extracted from the seeds of Simmondsia chi-
nensis, have been reported to be beneficial in formulation
as enhancers in matrix transdermal patches [30], emulgels
[31], and microemulsions [32]. However, there seem to be
adverse reports associated with suppression of bone marrow

with severe anaemia, profound weight loss, and death with
a high dose of a constituent of the plant S. chinensis in
chronic feeding studies in rats [33]. Data from preclinical
toxicity studies are highly beneficial for the determination
and evaluation of the effects of potential excipients on body
weight and haematology for formulation development.

Eisele et al. reported on an associated low weight gain
with the administration of a copolymer excipient, due to
the swelling behaviour of the test material [34]. CPH pectin
had similar swelling capacity and a viscous nature useful for
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Table 5: The influence of CPH pectin administration on white blood cell indices for female rats.

White blood cell indices Day Control Low dose
0.714 mg/kg

Medium dose
7.14 mg/kg

High dose
71.4 mg/kg

WBC (x103 ul)
30 12.47±1.00 13.13±1.98 15.20±1.40 13.73±1.16
60 14.98±1.05 15.55±2.10 16.72±1.21 14.40±1.20
90 13.80±1.45 13.85±0.55 15.17±1.52 12.77±0.97

LYM (%)
30 70.57±3.22 67.32±2.63 70.50±4.21 71.58±2.10
60 68.23±3.17 70.07±2.96 65.85±6.92 74.78±3.29
90 69.20±3.22 70.37±3.93 66.00±2.84 67.17±2.16

NEUT (%)
30 20.42±1.17 20.47±1.97 21.30 ±2.19 21.78±1.90
60 20.62±2.53 23.27±2.95 21.93±2.97 18.72± 1.45
90 22.27±2.58 24.45±3.50 22.33±1.68 22.48±2.12

Table 6: The influence of CPH pectin administration on platelet indices for male rats.

Platelet indices Day Control Low dose
0.714 mg/kg

Medium dose
7.14 mg/kg

High dose
71.4 mg/kg

PLT
(x103/ul)

30 1019.83±42.53 1033.50±38.47 1013.17±47.30 1046.83±48.54
60 837.33±23.61 884.83±63.93 924.67±43.98 969.50±41.36
90 881.83±49.09 923.67±63.82 972.83±54.03 1015.50±45.94

PDW (fl)
30 8.65±0.26 8.83±0.24 8.88±0.11 9.00±0.27
60 9.12±0.14 9.62±0.36 9.57±0.11 9.47±0.35
90 9.05±0.27 9.20±0.29 9.25±0.13 9.00±0.25

MPV (fl)
30 7.33±0.13 7.40±0.15 7.40±0.06 7.47±0.16
60 7.47±0.14 7.68±0.17 7.77±0.10 7.73±0.21
90 7.40±0.13 7.45±0.12 7.60±0.06 7.55±0.14

P-LCR (%)
30 6.62±1.32 7.78±0.86 7.57±0.30 8.42±0.89
60 9.10±0.62 10.35±1.03 9.90±0.43 10.02±1.30
90 8.18±0.74 8.37±0.74 9.28±0.39 8.63±0.94

its gelling ability and application in formulation [10] which
could create a feeling of satiety. However, the 90-day oral
continuous administration of CPH pectin did not influence
the male rat body weight.

Female rat weight gain was rapid for all dose levels within
the first four weeks and at a slower rate thereafter. There
were no toxicologically relevant changes in body weight.This
suggests that CPH pectin did not impair carbohydrate or fat
metabolism as well [35]. It is also plausible that the presence
of certain bioactives from cocoa pod husk has a positive
influence on carbohydrate and lipid metabolism. Cocoa
polyphenols are present in the cocoa pod husk. As many
phenolic compounds are water-soluble, minimal quantities
could be extracted together with CPH pectin [10, 36]. Cocoa
polyphenols were reported to improve the cholesterol profile
of patients. In this study, bodyweight, inflammatorymarkers,
insulin resistance, and glycaemic control were not affected
[37].

Moreover, there was no indication of any abnormal
signs of toxicity in the rats under investigation, such as
piloerection, cyanosis, paralysis, drowsiness, sedation, or
gastrointestinal problems such as diarrhea.

Haematological preclinical toxicity studies are essential
to identify test compounds that can exert toxic effects

on the cellular constituents of blood (e.g., red blood cells
(erythrocytes), white cells (leucocytes), and platelets). Any
observed toxic responses could result from the direct effect
of the test compound on the circulating cells. Haemolytic
anaemias have been reported after subsequent red blood
cell destruction or an interference with their production
and/or their development. Data from such important studies
is able to detect the development of anaemia and gain some
insight into the mechanism leading to toxicity [29]. The
haematopoietic system consisting of blood cells presents as
a peculiar target organ as it is susceptible to damage on
exposure to potential toxicants [38].

An evaluation of haematological indices after a 90-day
administration of CPH pectin revealed no adverse effects on
the red blood cell indices like RBC, HGB, MCH, HCT, and
MCHC and was unaffected in both male and female SDRs.
However, there was an incidental decrease in the MCV of
the male rats after day 30 when rats received the medium
dose of the CPH pectin. Balan and Veretiuc reported on the
haemolytic activities of some polymer excipients [39], while
other investigators reported excipient-induced haemagglu-
tination due to the formation of polyelectrolyte complexes
[40, 41]. Fernandes et al. also reported the deleterious effect of
the degradation products of polymeric excipients on human
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Table 7: The influence of CPH pectin administration on the platelet indices for female rats.

Platelet indices Day Control Low dose
0.714 mg/kg

Medium dose
7.14 mg/kg

High dose
71.4 mg/kg

PLT
(x103/ul)

30 1046.30±42.90 1096.70±45.60 1046.50±53.20 1070.00±42.30
60 981.30±49.90 1033.20±51.00 1081.00±61.00 942.80±32.40
90 1097.00±73.80 1048.70±55.20 975.50±54.80 959.80±20.20

PDW (fl)
30 8.30±0.12 8.62±0.17 8.57±0.11 8.65±0.09
60 8.48±0.08 8.57±0.24 8.65±0.23 8.48±0.15
90 8.37±0.14 8.27±0.03 8.50±0.10 8.33±0.11

MPV (fl)
30 7.00±0.07 7.10±0.05 7.10±0.09 7.18±0.08
60 7.07±0.07 7.20±0.17 7.12±0.14 7.05±0.06
90 7.07±0.09 6.98±0.05 7.10±0.10 7.02±0.10

P-LCR (%)
30 6.73±0.30 7.08±0.24 7.18±0.31 7.93±0.55
60 7.23±0.37 7.25±0.34 7.60±0.57 7.70±0.20
90 7.37±0.33 5.95±0.19 6.38±0.32 6.53±0.43

Table 8: Results of the effects of CPH pectin on direct and indirect
bilirubin in male SDRs.

Day Control 0.714 mg/kg 7.14 mg/kg 71.4 mg/kg
Direct bilirubin

30 0.63±0.13 0.80±0.29 0.41±0.13 0.88±0.17
60 0.50±0.17 0.32±0.12 0.38±0.14 0.47±0.36
90 0.77±0.22 0.46±0.10 0.54±0.24 0.72±0.26

Indirect bilirubin
30 1.21±0.21 1.64±0.39 1.28±0.20 1.73±0.40
60 0.25±0.19 0.12±0.08 0.26±0.21 0.20±0.72
90 0.20±0.18 0.18±0.20 0.25±0.17 0.11±0.26

Table 9: Results of the effects of CPH pectin on direct and indirect
bilirubin in female SDRs.

Day Control 0.714 mg/kg 7.14 mg/kg 71.4 mg/kg
Direct bilirubin

30 0.50±0.24 0.45±0.17 0.41±0.06 0.36±0.07
60 0.55±0.21 0.54±0.17 0.40±0.14 0.34±0.11
90 0.73±0.30 0.49±0.26 0.64±0.25 0.60±0.16

Indirect bilirubin
30 0.42±0.27 0.35±0.04 0.30±0.06 0.44±0.10
60 0.35±0.15 0.31±0.14 0.29±0.09 0.27±0.06
90 0.39±0.18 0.40±0.21 0.28±0.15 0.25±0.16

erythrocytes resulting in adhesion and aggregation of the
blood cells [42]. Similarly, Soffriti et al. previously reported an
increase in the incidence of some blood disorders associated
with the administration of excipients, useful as sweetening
agents, in pharmaceutical formulation, in male Sprague
Dawley rats [43]. We considered the observed changes in
MCV associated with CPH pectin to be transient or inci-
dental and of no adverse consequence as the observation
was absent in the low and high dose groups and over
time. In addition, the changes fell in the normal range of

Table 10: Results showing the effects of CPH pectin on total
bilirubin in male and female SDRs.

Day Control 0.714 mg/kg 7.14 mg/kg 71.4 mg/kg
Male

30 1.84±0.19 2.44±0.22 1.68±0.27 2.61±0.25
60 0.75±0.25 0.44±0.16 0.64±0.23 0.70±0.37
90 0.97±0.27 0.64±0.15 0.78±0.18 0.83±0.32

Female
30 0.92±0.07 0.81±0.14 0.72±0.04 0.74±0.07
60 0.91±0.10 0.85±0.14 0.68±0.18 0.62±0.14
90 1.12±0.15 0.89±0.06 0.92±0.13 0.85±0.24

historical control data and were therefore of no toxicological
significance [44].

The findings showed no evidence of decreased hae-
moglobin synthesis or increased red cell destruction and
no indication of macrocytic or microcytic anaemia [37].
Repeated dose administration of CPH pectin showed no
influence on critical indicators of anaemia, like the RBC
count,HGB, andHCT, and hence no treatment-related effects
were observed.

Bilirubin is usually produced after the breakdown of
erythrocytes and other haem-containing proteins. Liver dis-
orders are, however, associated with jaundice. Hepatocellular
jaundice occurs when there is a build-up of bilirubin in the
plasma as it is not transported, conjugated, or excreted by the
damaged liver cells. Subsequently bilirubin builds up in the
plasma as the flow is obstructed in the small bile channels
or in the main bile duct. Cholestasis, the disruption of this
flow, is associated with hepatocellular damage. In severe
haemolysis, more bilirubin is produced than the liver can
metabolize, resulting in elevated bilirubin levels in the plasma
or serum [45].There were statistically insignificant elevations
in indirect and total bilirubin levels associated with the low
and high dose groups of themale rats at day 30. However, this
observation was not consistent over the 90-day study period
and was not of any toxicological relevance. Hence, direct,
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Figure 1: The effect of varying dose levels of CPH pectin on the histology of the spleen of female SDRs (magnification, ×400).

indirect, and total bilirubin levels remained unaffected by the
90-day administration of CPH pectin. This was indicative of
the absence of any deleterious effects of CPH pectin on the
erythrocytes for the 90-day study period.

Drug- or excipient-induced white cell toxicity could
be assessed by the measurement of the total number of
circulating leucocytes (i.e., WBC count together with an
estimation of the percentage of each of the different types
of leucocytes, e.g., neutrophils) and lymphocytes present in
the sample. A toxicant may cause leucopenia or leukocytosis.
Such responses may be associated with one or more cell
types (e.g., neutrophilia associatedwith certain inflammatory
reactions) [29]. In this study, the administration of CPH
pectin did not cause changes in white blood cells in bothmale
and female SDRs. Similarly, the continuous administration
of CPH pectin showed no deleterious effects on neutrophils,
suggesting that CPH pectin did not inhibit granulopoiesis
or neutrophil function. It also did not cause neutropenia.
This also suggests that CPH pectin over the period did not
cause neutrophil damage [46–48]. It may be inferred then
that CPH pectin did not induce leucopenia, lymphocytosis,
or lymphocytopenia [37].

Owing to the importance of various leucocytes in fighting
infection and their involvement in immune responses, it

comes as a relief that CPH pectin did not induce adverse
effects on these white blood cells. Moreover, administration
of CPH pectin during the 90-day study showed no adverse
immunological implications, unlike other excipients or drugs
that exhibit immunotoxic effects [49, 50].

Platelets are susceptible to a variety of toxicants. Drug-
or excipient-induced thrombocytopenia results from periph-
eral destruction or bone marrow suppression. Increased
peripheral destruction can result from immune mediated
mechanisms or from platelets having a shortened survival
time. A drug or excipient may not affect platelet number but
could impair platelet function. In this case, platelet counts
are normal, but animals may exhibit abnormal bleeding
tendencies [29].

There have been reports of polymer excipients that have
thrombogenic activity subsequent to adhesion and activation
of platelets and blood coagulation [51]. In this study, the
platelet count was unaffected by the administration of CPH
pectin over the 90-day period. This suggests that CPH
pectin had no thrombocytopenic effect and did not exhibit
any abnormal bleeding tendencies [29]. There were also no
abnormal levels in the biomarkers PDW and MPV and P-
LCR to suggest thromboembolic disease after the continuous
administration of CPH pectin [52]. The findings also suggest
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the compliance to good manufacturing practice with respect
to the efficiency of extraction, suitable processing, and storage
of CPH pectin required for pharmaceutical grade excipients,
as there was no indication of the presence of harmful
contaminants from adulteration, heavy metal, or microbial
contaminants which could result in haematotoxicity [23, 53].

CPH pectin, belonging to the class of polysaccharides,
was administered orally throughout the study. There have
been previous reports indicative of the negligible absorption
of pectin in the gastrointestinal tract when administered
orally [54, 55]. Pectin is a soluble dietary fibre and is
generally regarded as safe (GRAS) by the FDA, with a wide
margin of safety [56]. This suggests that there is limited
systemic exposure of CPH pectin, which may account for
its observed safety profile even after continuous long-term
administration.

The spleen is known to play an important role in the
clearance of damaged and aging blood cells as well as
enhancing the immune system of the host [37].There were no
treatment- or dose-related microscopic pathological changes
in the spleen after administration of CPH pectin over the 90-
day study period.

These findings, although in their early days, are signif-
icant. This is because CPH pectin has demonstrated safety
as natural polymer and thus its future approval and incor-
poration into pharmaceutical formulation demonstrate the
immense benefit of natural polymers as excipients as has been
mentioned previously.

5. Conclusion

Thefindings suggest that CPH pectin administered up to 71.4
mg/kg for 90 days showed no evidence of toxicity on the
major haematological indices in male and female SDRs.
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T. Pollmächer, “Epidemiology, implications and mechanisms
underlying drug-induced weight gain in psychiatric patients,”
Journal of Psychiatric Research, vol. 37, no. 3, pp. 193–220, 2003.

[36] L. C. Vriesmann, R. D. de Mello Castanho Amboni, and C. L.
de Oliveira Petkowicz, “Cacao pod husks (Theobroma cacao L.):
composition and hot-water-soluble pectins,” Industrial Crops
and Products, vol. 34, no. 1, pp. 1173–1181, 2011.

[37] D.D.Mellor, T. Sathyapalan, E. S. Kilpatrick, S. Beckett, and S. L.
Atkin, “High-cocoa polyphenol-rich chocolate improves HDL
cholesterol in Type 2 diabetes patients,” Diabetic Medicine, vol.
27, no. 11, pp. 1318–1321, 2010.

[38] D. Ecobichon and C. Klaassen, Casarett and Doull’s Toxicology,
The Basic Science of Poisons, 2001.

[39] V. Balan and L. Verestiuc, “Strategies to improve chitosan
hemocompatibility: a review,” European Polymer Journal, vol.
53, no. 1, pp. 171–188, 2014.

[40] S. B. Rao and C. P. Sharma, “Use of chitosan as a biomaterial:
studies on its safety and hemostatic potential,” Journal of
Biomedical Materials Research Part B: Applied Biomaterials, vol.
34, no. 1, pp. 21–28, 1997.

[41] R. Shelma and C. P. Sharma, “Development of lauroyl sulfated
chitosan for enhancing hemocompatibility of chitosan,” Col-
loids and Surfaces B: Biointerfaces, vol. 84, no. 2, pp. 561–570,
2011.

[42] J. C. Fernandes, P. Eaton, H. Nascimento et al., “Effects of
chitooligosaccharides onhuman red blood cellmorphology and
membrane protein structure,” Biomacromolecules, vol. 9, no. 12,
pp. 3346–3352, 2008.

[43] M. Soffritti, F. Belpoggi, E. Tibaldi, D. D. Esposti, and M.
Lauriola, “Life-span exposure to low doses of aspartame begin-
ning during prenatal life increases cancer effects in rats,”
Environmental Health Perspectives, vol. 115, no. 9, pp. 1293–1297,
2007.

[44] C. Petterino and A. Argentino-Storino, “Clinical chemistry and
haematology historical data in control Sprague-Dawley rats
from pre-clinical toxicity studies,” Experimental and Toxicologic
Pathology, vol. 57, no. 3, pp. 213–219, 2006.

[45] M. Cheesbrough, “District Laboratory Practice in Tropical
Countries part 1,” in Cambridge low-price edition, Cambridge
University Press, London, UK, 2006.

[46] J. P. Uetrecht, “Metabolism of Clozapine by Neutrophils: Possi-
ble Implications for Clozapine-Induced Agranulocytosis,”Drug
Safety, vol. 7, no. 1, pp. 51–56, 1992.

[47] R. R. Watts, “Neutropenia,” Clinical Hematology, 2003.
[48] N. S. Young, “Agranulocytosis,” Journal of the AmericanMedical

Association, vol. 271, no. 12, pp. 935–938, 1994.
[49] M. A. Dobrovolskaia, “Pre-clinical immunotoxicity studies of

nanotechnology-formulated drugs: Challenges, considerations
and strategy,” Journal of Controlled Release, vol. 220, pp. 571–583,
2015.

[50] M. A. Dobrovolskaia and S. E. McNeil, “Immunological
and hematological toxicities challenging clinical translation of
nucleic acid-based therapeutics,” Expert Opinion on Biological
Therapy, vol. 15, no. 7, pp. 1023–1048, 2015.

[51] T.-C. Chou, E. Fu, C.-J. Wu, and J.-H. Yeh, “Chitosan enhances
platelet adhesion and aggregation,” Biochemical and Biophysical
Research Communications, vol. 302, no. 3, pp. 480–483, 2003.

[52] E. Babu and D. Basu, “Platelet large cell ratio in the differential
diagnosis of abnormal platelet counts,” Indian Journal of Pathol-
ogy and Microbiology, vol. 47, no. 2, pp. 202–205, 2004.

[53] T.-T. He, C. O. L. Ung, H. Hu, and Y.-T. Wang, “Good man-
ufacturing practice (GMP) regulation of herbal medicine in
comparative research: China GMP, cGMP, WHO-GMP, PIC/S
and EU-GMP,” European Journal of Integrative Medicine, vol. 7,
no. 1, pp. 55–66, 2015.

[54] J. W. Anderson and W. J. Chen, “Plant fiber. Carbohydrate and
lipid metabolism,” American Journal of Clinical Nutrition, vol.
32, no. 2, pp. 346–363, 1979.

[55] D. Chinda, S. Nakaji, S. Fukuda et al., “Evaluation of pectin
digestion and absorption in the small intestine and of fementa-
tion in the large intestine in the same subject,”Gastroenterology,
vol. 124, no. 4, pp. A434–A435, 2003.

[56] P. Watts and A. Smith, “PecSys: In situ gelling system for opti-
mised nasal drug delivery,” Expert Opinion on Drug Delivery,
vol. 6, no. 5, pp. 543–552, 2009.


