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Abstract|

Background: It is a well-recognized clinical observation that there is bone marrow suppression in viral
diseases affecting humans and also as a result of chemotherapy. Many plants and fruits are claimed to possess
the quality of myeloprotection. If so, they might be used for prevention of viral diseases.

Objective: To evaluate the potential of epicarp extract of Malus domestica to prevent myelosuppression
induced by carboplatin.

Materials and Methods: Epicarp extract of Malus domestica (M.domestica) was prepared through
anaerobic sublimation and ethanolic-aqueous filtration. Two groups of Swiss albino rats were taken. One
group was given Carboplatin(an anticancer agent) in the dose of 125 mg/kg to induce bone marrow
suppression whereas second group was given carboplatin in the same dose along with 100mg/Kg epicarp
extract of M. domestica. Blood examination was carried out on day 1 and after 7 days to see the effects of the
extract. Results were analyzed through SPSS version 21.

Results: Myelosuppression was observed in both Groups. On average there was more myelosuppression in
the Carboplatin group alone marked by 87.53% reduction in platelets count,66.28% reduction in RBC and
67.11% reduction in WBC count as compared with much less myelosuppression in trial group evidenced by
22.83% ,6.61% and 18.79% reduction in platelets, RBC and WBC count respectively.It was evident that there
was significant myeloprotection in the trial group (p<0.001).

Conclusions: Ethanolic-aqueous epicarp extract of M.domestica seemed to possess myeloprotective
properties .
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Introduction

Every year millions of people suffer from commu-
nicable diseases and graph of mortality goes
high. Why do these people victimized by so many
horrifying micro-organisms? Sometimes a new
variant attacks the innocent population and shakes the

health system. Vaccine is not available against many
of them and other preventive measures get delayed
due to some unavoidable issues. In the near past
several viral infections like Dengue, Congo , Zika and
Chekunguniyia have attacked human being. Dengue
fever is one of the emerging infections in Pakistan.
Dengue fever is spreading due to new strains, resis-
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tance to insecticides, travelling and urbanization."

As there was no effective vaccine against dengue and
other new emerging viral infections, major focus
remained to control the vector and personal protec-
tion. There had been use of some natural substances
regarding treatment and prevention but yet to be
scientifically proved.

As far as treatment was concerned, many attempts
had already been made using natural substances here
and other dengue endemic countries. Papaya leaves
and apple fruit were quite popular for early recovery
in dengue patients. There was much supportive
evidence present in favor of papaya leaves in the
literature as elaborated in different studies. In a study
prevention of thrombocytopenia induced by carbo-
platin was revealed with the help of papaya leafjuice.’
In another study aqueous extract of Carica papaya
increased the platelets count in cyclophosphamide
induced thrombocytopenic rats.’ Similar results were
obtained in a study which revealed increase in count
of platelets when Carica papaya leaf extract was
given to dengue patients.’ As far as apple is concerned
every body is aware about the saying that having an
apple daily keeps the doctor away.® During dengue
epidemics fresh apple juice mixed with lemon juice
has been used by dengue patients and found effec-
tive.® Attempts were made to devise a nutritional
formula to increase platelet count in dengue patients.’
As we know, apple is full of powerful antioxidant and
phytochemicals like catechin, quercetin, chlorogenic
acid and phloridzine. Both apple flesh and peel
contain compounds like phloretin glycosides, phlori-
dzin, and chlorogenic acid. However, other flavo-
noids and polyphenolic compounds (e.g., procya-
nidins etc) which are powerful antioxidant are found
exclusively more in the apple peel as compared to
flesh.*" Apple peel’s protective effects are quite pro-
nounced regarding cardiovascular diseases, diabetes,
cancers and asthma. Apple peel extract was found
very effective protector against liver, breast and colon
cancer due to its strong antiproliferative property.’
Studies conducted revealed its strong antioxidant
property by inhibiting cancer cell proliferation and
decreasing lipid oxidation." Polyphenols in apples’
colored skin protected them from bacteria, viruses,
fungi, and the damaging effects of UV-B radiation.”

Apple peels are naturally full of nutrients and fiber. It

1s a fact that there are more than 2—6 times nutrients
and insoluble fiber in the apple peel as compared with
the flesh of apples. It is rightly said that consuming a
skin-on apple per day keeps spare pounds away."
There are so many health benefits in apple peel. Apple
peel enhances power of concentration and improves
memory by protecting brain cells. Respiratory prob-
lems are resolved after regular use of apple peel. It
prevents cataract. It stops formation of gall stones. It
may be used in management of anemia.” It helps in
bone strengthening. Overall body immune system is
augmented due to its antioxidant property, flavonoids
and phytochemicals. It is effective cholesterol lowe-
ring agent.” In the past, research work had been done
on apple peel and beneficial effects of apple peel were
observed as was evident in one study in which
consumption of dried apple peel powder was found to
be associated with improved joint function and
improved serum antioxidant protection status."

A study was conducted to define the polyphenols
extracted from dried apple peels (DAPP) and deter-
mine their antioxidant and anti-inflammatory role.
Findings provided evidence of the capacity of DAPP
to reduce oxidative stress and inflammation which are
known pivotal processes involved in inflammation.”
In another study apple peel extract prevented indome-
thacin-induced damage in Caco-2 cells through
preventing mitochondrial complex I inhibition."

Though there were reports about the usefulness of
intake of apple juice in minimizing the agony of
dengue disease but less scientific evidence was
available specially about apple peel.

As we know that all blood cells develop from a small
subset of the same progenitor cells in the bone
marrow through a process called hematopoiesis.
Hematopoietic stem cells give rise to red and white
blood cells and platelets

Mechanism of dengue infection is not yet fully under-
stood but a well-recognized clinical observation
documented in virus-induced human diseases is that
there 1s marked myelosuppression similar to radiation
therapy or anticancer chemotherapy.”*** Similar
case 1s of dengue where there is evidence that during
the acute phase of the disease dengue virus can induce
bone marrow hypoplasia.” It was found in an early
investigation of dengue cases in Southeast Asia that
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the bone marrow mass was at its lowest level just
prior to the onset of fever.”

It was postulated that most probably any thing which
could check this bone marrow suppression in the
initial phase of dengue disease might be used to
prevent the onset of disease. So an animal study was
designed to check the myeloprotective potential of
the epicarp extract of M.domestica through oral
administration to attenuate carboplatin-induced bone
marrow suppression in Swiss albinorats.

Methods

Ripe fruits of M.domestica (Apple) were freshly
procured from a local market. The non-edible epicarp
was separated from the edible fruit, and dried under
shade. 200g of the dried epicarp powder was
undergone anaerobically sublimation followed by
ethanolic-aqueous extraction for a period of 6 weeks
(microprevention technique) to get extract. The
resultant extract was reconstituted to make 1 ppm
solution and stored in the refrigerator until needed.

Arandomized control trial was conducted to evaluate
the myeloprotective potential of epicarp extract of
M.domestica in carboplatin induced myelosuppre-
ssion. Twenty male Swiss albino rats aged seven to
eight weeks, weighing 25-35 g were purchased and
housed in the animal house of Post Graduate Medical
Institute, Lahore. They were kept together for two
weeks to acclimatize and were fed with commercially
available rodent chow and had access to take feed and

drink water ad libitum. Two groups of 10 rats each
after random selection, labeled 1 and 2 were made.
Certain antineoplastic drugs drugs are directly cyto-
toxic to myeloid stem cells or their progenitors
where-as others affect hematopoiesis indirectly.
Carboplatin, an antineoplastic drug,was selected to
induce myelosuppression in this study. Group 1 rats
were administered 125 mg/kg of carboplatin as single
Intraperitoneal injection to induce bone marrow
suppression on day zero, whereas Group 2 rats were
administered carboplatin along with 100mg/kg
epicarp extract of M.domestica orally for seven days.
Blood samples (0.5 ml) were collected from each
animal through cardiac puncture under light anesthe-
sia on day zero and seven and sent for hematological
analysis. RBC, WBC and platelet counts were used as
parameters for comparison. Data was analyzed using
SPSS version 21. Independent sample ‘t’ test was
carried out to find out the difference between both
groups ( Table 3) .Significant differences were found
at 95% confidence level, with the P < 0.05 being
considered as significant.

Results

Rats were divided in 2 groups. Carboplatin was given
to Group 1 rats as per SOP defined earlier. RBC, WBC
and platelet counts were recorded on Day 0 and Day

7. There was observed expected suppression in these
blood cells (Table 1)

Table 1: Table. 1. Effect of Carboplatin on Blood Cells givento Group I Rats

Platelet Count(10°/L)  Percent RBleount Percent WB(?; Count Percent
Fall(%) (10~ 1) Fall(%) (107 /L) Fall(%)
Day 0 Day 7 Day 0 Day 7 Day 0 Day 7

| 643 60 90.67 6.53 3.53 45,94 4.76 1.87 60.71
2 621 75 87.92 7.12 2.63 63.06 4.87 1.56 67.97
3 432 85 80.32 6.54 2.02 69.11 6.12 2.55 58.33
4 494 91 81.58 6.58 2.25 65.81 6.76 2.13 68.49
5 659 85 87.10 7.19 2.76 61.61 5.98 1.02 82.94
6 793 64 91.93 6.17 1.19 80.71 7.85 2.76 64.84
7 640 75 88.28 6.98 1.96 71.92 7.45 2.97 60.13
8 739 56 02.42 6.04 1.99 67.05 7.43 2.61 64.87
9 629 83 86.80 6.52 2.32 64.42 8.80 2.22 74.77
10 709 83 88.29 6.99 1.87 73.25 6.97 2.23 68.01
Average Myelosuppression(%) 87.53 66.28 67.11
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Table revealed that there was marked myelosupp-
ression in all rats(P<0.001) in Group 1.

Regarding blood cell count there was no significant
difference on zero day in the two groups of rats (p>

0.05). However after 7 days there was significantly
less myelosuppression in group 2 as compared with
group 1.(Table 2)

Group 2 rats were given Carboplatin and extract of
M.domestica in the already specified doses simulta-
neously. RBC, WBC and platelet counts were
recorded on Day 0 and Day 7.

Table2: Effect of simultaneously given Carboplatin and Epicarp extract of M. Domestica on Blood Cells to Group 2
Rats.

Platelet Count(10°/L) Percent RBC Count(10”/L)  Percent WBC Count(10° /L) Percent

Day 0 Day 7 Fall(%)  Day0 Day 7 Fall(%) Day 0 Day 7 Fall(%)
1 756 605 19.97 7.52 6.53 13.16 6.73 5.04 25.11
2 665 528 20.60 7.83 6.63 15.33 8.65 6.56 24.16
3 592 222 62.50 6.91 7.02 -1.59 541 4.55 15.90
4 534 421 21.16 6.84 6.24 8.77 7.74 6.13 20.80
5 659 502 23.82 7.69 7.44 3.25 4.36 3.87 11.24
6 678 552 21.53 6.77 6.54 3.40 7.90 5.76 27.09
7 590 478 18.98 6.83 6.23 8.78 6.12 5.67 7.35
8 610 463 24.10 7.12 6.97 2.11 6.34 5.12 19.24
9 679 589 13.25 6.87 6.43 6.40 7.75 6.64 14.32
10 589 575 2.38 7.23 6.76 6.50 6.43 4.97 22.71
Average Myelosuppression(%)  22.83 6.61 18.79

Significant difference was found between the two
groups at the end of trial period and epicarp extract of

M.domestica was found significantly myelopro-

tective (p<0.001).See Table 3.

Table 3: Comparison between Group 1 and Group 2 at the end of Trial.(Day 7)

Percent Percent L Percent  Percent Percent Percent
Fall(%) in  Fall(%) in f’ligd'::i‘:'d'l';ft Fall(%)  Fall(%) Issﬁ';;i;";c;t Fall(%)  Fall(%) ?ﬁnegi::::zt
R Platelet Platelet In RBC In RBC in WBC in WBC
No. sample ‘t’ sample ‘t’ sample ‘t’
Count Count count count Count Count
test test test
Group 1 Group 2 Group1l Group 2 Group1l Group2
1 90.67 19.97 P<0.00 45.94 13.16 P<0.00 60.71 25.11 P<0.00
2 87.92 20.60 63.06 15.33 67.97 24.16
3 80.32 62.50 69.11 -1.59 58.33 15.90
4 81.58 21.16 65.81 8.77 68.49 20.80
5 87.10 23.82 61.61 3.25 82.94 11.24
6 91.93 21.53 80.71 3.40 64.84 27.09
7 88.28 18.98 71.92 8.78 60.13 7.35
8 92.42 24.10 67.05 2.11 64.87 19.24
9 86.80 13.25 64.42 6.40 74.77 14.32
10 88.29 2.38 73.25 6.50 68.01 2271
Myeloprotection(%o) Significant Myeloprotection(%) Significant Myeloprotection(%) Significant
Discussion benefits of apple and apple peel.*> Generally viral

diseases specially dengue produces acute myelosupp-
ression in very early phase of disease”” and it was
postulated that if this myelosuppression gets checked
in time might lead to no onset of disease.”** The
current study 1s unique in this aspect that for the first

This study was designed to evaluate the effect of
apple peel extract on carboplatin induced myelosupp-
ression in mice as animal model.

In the past, researches have been conducted on health
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time apple peel was investigated to check carboplatin
induced myelosuppression in rats so opening the
doors for further research for human health regarding
other parts of M.domestica like pulp, seeds, flowers.
leaves orroots.

The 1dea of role of apple peel emerged when dengue
hit Lahore, Pakistan in 2011 in epidemic fashion and
people tried many fruits like Papaya leaves, apple
juice ,different edible seeds and cereals to reduce the
agony of disease." Good results were achieved in
some of the cases giving the impression of protective
and preventive role of these fruits in dengue but most
of them could not be properly documented.” Many
researchers here and other dengue endemic countries
did a hard work to evaluate papaya and apple regar-
ding treatment of dengue disease and in some studies
the role of papaya extract in the inhibition of throm-
bocytopenia in dengue disease was highlighted.*** In
Kuala Lumpur, Malaysia, Prof. Dr. Ananthan Krish-
nan formulated a product with the highly active
micro-nutrients found in edible seeds, cereals and
fruits like papaya as well as vitamins to increase
blood platelets in dengue disease.’ It is interesting to
note that from studies conducted using papaya juice
encouraged to use other things like apple peel to
determine its efficacy in checking myelosuppre-
ssion." In the literature much has been said about the
health benefits of apple peel which is not given due
importance in our daily life as we do not eat it rather
discard. Apple peel is not an ordinary thing. There are
so many health benefits of apple peel. Apple peel as
we know 1is rich in nutrients and by owing such
wealth, it enhances brain functions.™" It is also good
for Alzheimer’s and Parkinson’s disease.” It also
relieves breathing problem.™" It is a gift of God for
eye health and delays the onset of cataract.” It also
prevents formation and accumulation of stones in the
gall bladder.™ As it is rich in folic acid and iron. so it
helps anaemic individuals specially pregnant
mothers.” Calcium present in the apple peel helps
bone formation and bone repair. It lowers choleste-
rol.” Triterpenoids present in the apple peel have
cancer fighting properties and help to protect from
cancer such as liver, breast and colon cancer."™"*

But the most important aspect of apple peel is that it is
rich in antioxidants which fight against oxidative
stress induced by various viruses, chemotherapeutic
agents and radiation."*" This antioxidant content

along with flavonoids and phytochemicals, body
immune system is strengthened to make the body
capable to cope with various diseases.'™

Though some studies have been conducted in the past
to evaluate the efficacy of papaya fruit juice’ and
papaya leaves™ in preventing thrombocytopenia and
increasing the platelet count in animals but no study
could be traced out focusing the inhibition of throm-
bocytopenia induced by carboplatin by ethanolic-
aqueous extract of apple peel so far. Studies available
about apple peel extract are mostly highlighting its
antiproliferative activity preventing different types of
cancers. Role of apple peel may not be underesti-
mated as it contains so powerful antioxidants to
combat with oxidative stress induced by fatal viruses.

In the current study, we tested the hypothesis that oral
administration of the ethanolic aqueous apple peel
extract prevented myelosuppression induced by
carboplatin, an anticancer agent. The results clearly
revealed that myelosuppression was observed in both
groups but Group B rats receiving Carboplatin and
herbal extract simultaneously showed significant
maintenance (P < 0.001) in cellular count when
compared with the myelosuppressed rats (Group A),
indicating that this extract might possess good
myeloprotective properties.

So if more research is focused on this aspect, there is
strong possibility that we might be able to discover a
safe, economical and effective way to check the
initiation of myelosuppression in the beginning of
dengue and other viral diseases.

This study may be considered as pilot study and needs
many more to support it. There is dire need to probe
other plants, fruits and vegetable possessing antioxi-
dant properties to fight against vaious diseases.

Conclusion

This study has demonstrated that oral administration
of the ethanolic aqueous apple peel extract protected
bone marrow in spite of myelosuppression effect of
carboplatin in Swiss albino rats. These observed
changes in the hematological parameters show the
myeloprotective ability of the extract. Characteri-
zation of the epicarp extracts and identification of the
active components necessitate further research.
However the results of this study apparently support
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the general observation of using M.domestica for the
prevention and treatment of dengue fever and ifs
complications in general community. In fact this
study reveals first time the preventive role of epicarp
extract of M.domestica which opens a new horizon
for prevention of viral diseases not having vaccines so
far. This correlation needs further verification and is
open for research. Further large-scale studies could
establish the usefulness or ineffectiveness of this
natural product in the treatment/prevention of
dengue.
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