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INTRODUCTION

Cancer affects most populations worldwide. It is

ABSTRACT

Background: Cancer is considered as the leading cause of death in the
majority of countries all over the world. Doxorubicin belongs to
anthracycline group and is widely used in cancer treatment, but
cardiotoxicity is one of its serious adverse effects. Metformin, a well-
known anti-diabetic drug, has cardioprotective effects and thought to
protect against doxorubicin-induced cardiotoxicity.

Obijective: to reveal the histological and biochemical alterations in the
myocardium of rats treated with doxorubicin, and to explore the impact
of metformin co-treatment.

Material and methods: The study was done at the Animal House,
Faculty of Pharmacy, Al-Azhar University between July and September
2020. Sixty adult male albino rats were used (equally divided into 5
groups); group I: given 1ml normal saline orally every day, and also
injected intraperitoneally by 1ml saline every other day for 12 days;
group II: given 250 mg/kg/day of metformin orally for 12 days; group
I11: given 3 mg/kg of doxorubicin intraperitoneally every other day for
12 days; group IV: given 250 mg/kg/day of metformin orally and 3
mg/kg of doxorubicin intraperitoneally every other day for 12 days;
group V: given 3 mg/kg of doxorubicin intraperitoneally every other
day for 12 days, then left 2 months for observation from the last dose.
Then, the animals were anesthetized and tissues of heart were
proceeded and microscopically examined. Also, blood samples were
taken for biochemical investigation.

Results: In doxorubicin group, there were severe histological changes
and biochemical results showed highly elevated cardiac enzymes.
These results were significantly improved in metformin co-treatment
and minimally improved in withdrawal group.

Conclusion: This study revealed that metformin might have a
protective effect against doxorubicin-induced cardiotoxicity.

Keywords: Metformin; doxorubicin; cardiotoxicity; myocardium; rats.
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Like other chemotherapeutic agents, DOX has
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recorded as the second leading cause of mortality in
2018 . Chemotherapy is an important type of cancer
treatment together with radiotherapy and surgery, but
its cardiotoxicity leading to cardiomyopathy remains
a major side effect 2.

Cardiomyopathy -in general- means decreased
pumping power of the heart, and hence, can lead to
heart failure. It is the third cause of heart failure after
coronary insufficiency and hypertension .
Doxorubicin ~ (DOX) is an  anthracycline
chemotherapy which can be used alone or together
with other medical treatments to help in cancer
treatment, including acute leukemia, malignant
lymphoma, non-Hodgkin’s  and Hodgkin’s
lymphoma, and other types of cancer *.

serious cardiac side effects including cardiotoxicity.
DOX-induced cardiotoxicity includes cardiomyocyte
apoptosis and myocardial fibrosis leading eventually
to heart failure unresponsive to medical treatment °.

The proposed cardiotoxic mechanisms of DOX
include myocardial injury induced by free radicals,
mitochondrial damage, and cellular toxicity . The
role of reactive oxygen species (ROS) in DOX
cardiotoxicity is enhanced by the cardioprotective
effect of antioxidants in animals treated with DOX 7.
Clinical trials over the past years revealed that there
are many compounds have a role in preventing or
reducing DOX severe cardiotoxicity and also,
enhancing its antitumor activity. Therefore,
oncologists can use DOX in clinical situations safely
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8 Metformin (MET) is one of these compounds

which protect against DOX cardiotoxicity °.

MET is an oral drug used as a first line treatment in
type Il diabetes mellitus management *°. Besides its
anti-diabetic effects, MET has antioxidant effect and
also decreases the lipid peroxidation **.

Moreover, a recent study on diabetic patients has
shown that, patients using MET have a lower risk for
developing cancer compared to the patients using
other anti-diabetic medications including insulin 2,
Therefore, this study aimed to reveal DOX effect on
the heart and its ability to induce cardiomyopathy in
the adult male albino rats. This study also tried to
explore the effect of MET in the prevention and
treatment of doxorubicin-induced cardiomyopathy.

MATERIAL AND METHODS

Animals:

Sixty adult male albino rats aging 12-14 weeks and
weighing 200-230 grams were used. The study was
done at Animal House, Faculty of Pharmacy, Al-
Azhar  University, Cairo, between July and
September 2020.

Experimental Design:

The rats were randomly divided into five groups
(twelve rats in each group):

Group | (control group): rats were given 1ml normal
saline orally every day by gastric gavage for 12 days,
and were also injected intraperitoneally (IP) by 1ml
saline every other day for 12 days %4,

Group Il (metformin-treated group): rats were given
metformin (250 mg/kg/day) by a gastric gavage for
12 days, and were also given 1ml saline IP every
other day for 12 days 31,

Group Il (doxorubicin-treated group): rats were
injected IP by DOX (3 mg/kg) every other day for 12
days (the cumulative 6 doses were 18 mg/kg) 11324,
Group IV (doxorubicin- and metformin-treated
group): rats were given metformin (250 mg/kg/day)
by gastric gavage for 12 days and were also given
I131(133)1(4 IP (3 mg/kg) every other day for 12 days
Group V (withdrawal group): rats were injected IP by
DOX (3 mg/kg) every other day for 12 days, then
rats were left 2 months for observation from the last
dose.

Chemicals:

The chemicals used in this work were:

-DOX 50mg vials containing 25 ml red solution,
were purchased from Pfizer Egypt Pharmaceutical
Company, and given directly without dilution.

-MET 500mg tablets, were purchased from Merck
Egypt Pharmaceutical Company, and was given after
dissolution of the tablet in 5ml normal saline.

Methods:

1) General examination of the heart and mortality
recording:

The external appearance of the heart was examined

by naked eye. Also, the mortality rate was recoded in

each group.

2) Measurements (body weight (BW), heart weight
(HW), and HW/BW ratio):
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BW of each rat was recorded at the 1%, 6" and 12"
days. Also, BW of each rat in the withdrawal group
was recorded at the 72" day. The weight of the heart
of each rat was recorded just after sacrificing and
heart extraction. Also, the heart/BW ratio was also
estimated.

3) Collection of blood samples:

At the 12" day of the experiment, blood samples
were withdrawn from all groups, except the
withdrawal group samples were withdrawn at the
72™ day. Samples were collected from the rat tail in
tubes, centrifuged for 15 min and then, processed for
biochemical assays.

4) Biochemical assay of cardiotoxicity:

Estimation of serum creatine kinase-MB (CK-MB)
and serum troponin | (cTn-l) activities were
determined using ELISA Kits.

5) Heart specimen collection:

The rats in all groups were collected by the end of
the 12" day, except in withdrawal group, were
collected by the end of the 72™ day. The rats were
anaesthetized using ether inhalation. Then, the heart
of each rat was dissected out, examined by naked
eye, and the great vessels were gently washed by
normal saline 11314,

6) Light and electron microscopic processing:

The collected hearts were divided transversely, and 2
mm thick section of each heart was immersed in
2.5% glutaraldehyde solution. Then, they fixed for 2
hours in 1% osmium tetraoxide at 4°C. Then after
washing the tissue three times in distilled water, the
specimens  were prepared for dehydration,
infiltration, ultramicrotomy. After that, tissues were
stained by uranyl acetate and lead citrate for
transmission electron microscopic processing (TEM).
Then, the rest of each dissected heart was preserved
in 10% buffered formalin and then processed for
paraffin sections then stained by hematoxylin and
eosin (H&E) and also Masson's trichrome stain for
light microscopic examination %,

7) Statistical analysis:

Data was evaluated with SPSS 23 using ANOVA test
followed by least significant difference (LSD) post
hoc test. Data was interpreted as mean + standard
deviation (SD). Values are considered significant
when P <0.05, while values are considered highly
significant when P <0.001. Values are considered
non-significant when P >0.05.

RESULTS

1) External appearance and mortality:

Examination of the external appearance of the hearts
revealed that there was no difference between the
hearts excised from all groups.

Regarding mortality, the control and metformin-
treated groups showed no death. There was a low
mortality rate in combined DOX and metformin-
treated group (8% mortality rate as one rat died at the
4th day); while a high mortality rate was observed in
the DOX-treated and withdrawal groups; (42% in the
DOX-treated group and 58% in the withdrawal group
as 5 and 7 rats died in each group respectively) (Fig.
1).



Mortality Rate

58%

Control Group W MET Group W DOX Group W DOX and MET Group M Withdrawal group

Fig.1: Comparison between all groups regarding mortality rate

2) Body weight, heart weight and heart to body weight ratio:
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\\\ ANOVA test
I . Grqu Group 11 G:fIL'p G:%up Group V Post-Hoc test (LSD)
S F P-value
- - P1 P2 P3 P4 P5
; 8 Mean 204.75 203.67 207.25 204.42 205.75 2143 0.388 0.421 0.167 0.804 0.458 0.076
77,2 +SD +4.09 +2.99 +3.07 +2.93 $3.13 : : P6 P7 P8 P9 P10
0.577 0.125 0.139 0.267 0.323
- - P1 p2** P3* P4** P5**
g g% Mean 214.17 212.67 198.33 209.17 198.00 76.961 *& 0.238 <0.001 0.031 <0.001  <0.001
a5, 2 +SD +4.01 +2.90 +2.64 +2.94 +2.66 : <0.001 P6* p7** pgx* P9 P10**
0.007 <0.001  <0.001 0.792 <0.001
o P1 p2** P3* Pa** p5**
s, »E| Mean 224.17 221.00 190.50 213.00 190.67 378.18 R 0.08 <0.001 0.022 <0.001  <0.001
% —o° 2| #SD +4.64 +2.29 +2.06 +2.76 +1.82 : <0.001 P6* p7** pgx* P9 P10**
0.004 <0.001  <0.001 0.889 <0.001
° P1 p2** P3* pg** p5**
= 2% Mean 19.41 17.33 -16.75 8.58 -15.08 1744.2 ok 0.07 <0.001 0.002 <0.001  <0.001
o g = +SD +1.62 +1.30 +1.54 +0.90 +1.72 ' <0.001 P6* p7** pg* P9 P10**
0.006 <0.001  <0.001 0.574 <0.001
o P1 p2** P3* P4** P5**
£ ST Mean 0.8983 0.8908 0.6750 0.8371 0.7092 09.425 *& 0.11 <0.001 0.013 <0.001  <0.001
rge +SD +,0119 +.0116 +.0131 +.0093 +.0099 : <0.001 P6* p7** pgx* pg* P10**
0.019 <0.001  <0.001 0.027 <0.001
P1 p2** P3* P4g** P5**
E 2 25| Mean 4.008 4.031 3.544 3.842 3.7200 166.26 o 0.314 <0.001 0.003 <0.001  <0.001
20| 48D +0.532 +0.393 +0.734 +0.345 +0.638 ' <0.001 P6* p7** pg** Pg* P10*
0.005 <0.001  <0.001 0.004 0.02
Table 1: Effect of DOX and/or metformin on body and heart weight.
BW-= body weight. =~ SD= standard deviation. F=ANOVA test. LSD= least significant difference.
P1: group I vs group IlI. P2: group I vs group IlI. P3: group I vs group IV. P4: group | vs group V.
P5: group 11 vs group Il P6: group 11 vs group IV. P7: group Il vs group V. P8: group I11 vs group V.
P9: group 111 vs group V. P10: group 1V vs group V. ** highly significant * significant.
3) Results of cardiac biochemical markers:
\\\\ ANOVA test
. N (B Group Il SR Ty Group V Post-Hoc test (LSD)
Variables ! i v
N F P-value
_ Pl PZ** P3** P4** PS**
== <0.001  <0.001
SE Mean 0.0159 0.0158 1.0075 0.0883 0.3767 444.42 o 0.998 sl B
22 +SD +0.0107 +0.0108 +0.1562 +0.0243 +0.0603 ’ <0.001 pEr* p7** pg** pgr* P10*
gE
= <0001 <0001 <0001 5001 0009
po** P3**
P1 Pa** p5**
o oo49 <0001 <000 4455 <0001
> g Mean 14.3333+ | 14.5000+ | 92.1667+ | 29.5000+ | 38.6780 466.94 R
*k Ak
5 = +SD 3.8217 45025 8.6951 3.2333 +5.3748 <0.001 - <PO7.001 <P08.001 pgw P10*
<0.001 <0.001 0.037

Table 2: Effect of DOX and/or metformin on cardiac markers.

SD= standard deviation.
P1: group I vs group II.
P5: group 11 vs group III.
P9: group 11 vs group V.

F=ANOVA test.

P2: group I vs group IlI.
P6: group 11 vs group IV.
P10: group IV vs group V.

LSD= least significant difference.

P3: group I vs group IV.
P7: group Il vs group V.

P8:

P4: group I vs group V.
group 111 vs group IV.

** highly significant. * Significant.
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4) Effect of DOX on myocardial histology:

A. Light microscopic results:

1. Group I (control group) and group Il (MET-treated
group):

H&E sections from the heart of the control and
MET-treated groups showed similar histologic
findings. The cardiac muscle fibers in both groups
showed regular arrangement in which the fibers were
running almost longitudinally with branching and
anastomosing ends. The cardiomyocytes exhibited
acidophilic sarcoplasm with visible cross striations
and oval vesicular centrally located nuclei (Figs. 2-A
and 2-B).

Masson’s trichrome sections showed normal collagen
distribution in the myocardium. There were rounded
thick-walled blood vessels with a mildly thick
collagen layer around them. There was also a very
thin collagen layer -or nearly absent- in between the
muscle fibers (Figs. 3-A and 3-B).

2. Group 11 (DOX-treated group):

H&E sections from the heart of DOX-treated group
showed disorganized, disrupted and widely separated

= Z 8z
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degenerated cardiac muscle fibers. Most fibers
exhibited homogenous acidophilic sarcoplasm with
pyknotic nuclei. Areas of totally disorganized
myofibrils with lost striations, hemorrhage and
sarcoplasmic vacuolations are also noticed (Fig. 2-
C).

Masson’s trichrome sections showed thick irregular
collagen bundles in between cardiac muscle fibers
(Fig. 3-C).

3. Group IV (combined MET- and DOX-treated
group):

H&E sections from the heart of combined MET- and
DOX-treated group showed majority of the muscle
fibers restored the normal histological pattern with
oval, vesicular and centrally located nuclei. No
remarkable myofibrillar cells loss was observed, but
occasional cardiac muscle fibers with homogenous
acidophilic sarcoplasm were detected (Fig. 2-D).
Masson’s trichrome sections showed markedly
decreased collagen fibers in between cardiomyocytes
nearly like collagen distribution of groups I and Il

Fig. 2: A photomicrograph of a section of the heart of A) control and B) MET groups showing viable cardiac
muscle fibers with centrally located nuclei (up directed arrows), well-distinct cell borders, narrow interstitial space
(left directed arrows) and a normal blood vessel (down directed arrow). C) DOX group showing disorganized and
degenerated cardiac muscle fibers, areas of hemorrhage (up and down directed arrows), interstitial congestion (left
directed arrows) and sarcoplasmic vacuolations (right directed arrows). A large area of myofibrillar degeneration
with homogenous hypereosinophilic sarcoplasm is also noted (star). D) Combined DOX and MET group showing
normal myocardial fibers with a small area of cardiomyocyte degeneration (upper left directed arrow), dilated
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congested blood vessels (lower left directed arrow) and few inflammatory cellular infiltrations (up directed arrow).
E) Withdrawal group showing disrupted and widely separated degenerated cardiac muscle fibers with loss of cross
striations, myofibrillar loss (right directed arrow), myofibrillar degeneration (down directed arrows) and

sarcoplasmic vacuolations (left directed arrows).
— A

__ .
e

(H & E, X 200)

Fig. 3: A photomicrograph of a section of the heart of A) Control, B) MET, and D) Combined DOX and MET
groups showing normal collagen distribution. C) DOX, and E) Withdrawal groups showing multiple areas of
fibrosis with thick irregular collagen layer in between cardiac muscle fibers but more severe in DOX group.

4. Group V (withdrawal group):

H&E sections from the heart of withdrawal group
showed a picture of myocardial damage induced by
DOX like the DOX-treated group, but less severe
(Fig. 2-E).

Masson’s trichrome sections showed a picture of
myocardial fibrosis like the DOX-treated group, but
less severe (Fig 3-E).

(Masson's trichrome, X 400)

B. Transmission electron microscopic (TEM) results:
1. Group I (control group) and group Il (MET-treated
group):

TEM examination of the heart of the control and
metformin groups showed similar results in which
cardiac myofibrils appeared formed of alternating A
and | bands with regular Z lines. Nuclei of the
cardiac muscle fibers were euchromatic with evenly
dispersed nuclear chromatin and distinct nucleoli.
Mitochondria with closely packed cristae were
shown in rows between the cardiac myofibrils and at
the poles of nuclei (Figs. 4-A and 4-B).
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Fig. 4: An electron photomicrograph of sections of the heart of A) Control, and B) MET groups, showing normal
myofibrillar structure (up directed arrow), euchromatic oval centrally-located nucleus (N), distinct nucleolus (Nu),
mitochondria (M) at the poles of the nucleus (right directed arrows) and in between myofibrils (left directed
arrows). C) DOX, and E) withdrawal groups, showing nuclear karyorrhexis (right and left directed arrows) with
wide areas of chromatin loss and wide perinuclear area (stars). There is absence of mitochondria in DOX group
and most of mitochondria in withdrawal group show disrupted vacuolated cristae (down directed arrows). D)
Combined DOX and MET group showing normal architecture with few mitochondria show vacuolated disrupted
cristae (right directed arrows) and other show fragmented deficient mitochondrial membrane (left directed arrow).

2. Group 111 (DOX-treated group):

TEM examination of the heart of the DOX-treated
group showed focal areas of myofibrillar loss with
disrupted sarcomere. The majority of nuclei were
pyknotic with aggregated chromatin in the form of
electron-dense clumps seen in some parts of the
nuclei with wide areas of chromatin loss in other
parts. Karyorrhexis was observed in some nuclei.
Mitochondria were nearly absent around the pyknotic

(TEM, X 15000)

nuclei, while others appeared fragmented with
disrupted cristae (Fig. 4-C).

3. Group IV (combined MET- and DOX-treated
group):

TEM examination of the heart of the combined
MET- and DOX-treated group showed architecture
similar to control group with minor loss in limited
focal areas. Most nuclei of cardiac muscle fibers
showed normal chromatin. The majority of the
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mitochondria showed closely packed cristae, while
few showed disrupted cristae (Fig. 4-D).

4. Group V (withdrawal group):

TEM examination of the heart of the withdrawal
group showed a picture of myocardial damage like
the DOX-treated group, but less severe (Fig. 4-E).

DISCUSSION

In the present work, the mortality rate among the
DOX-treated rats was very high; as 5 of 12 rats died
in the DOX group and 7 of 12 rats died in the
withdrawal group. Previous studies “*178 were in
agreement with these results and they attributed these
findings to the development of cardiomyopathy and
deterioration of cardiac function after DOX
treatment.

These results were in contrary to Razmaraii et al. *°
who noted that there was no significant change in the
mortality rate between DOX-treated rats and the rats
in the control, protective and withdrawal groups.

In the present study, the mortality rate was
significantly declined by concomitant use of
metformin with DOX (8% mortality only). Also,
there was no mortality in the control and metformin
groups. These results were also observed by previous
StUdiES 11,13,14,20.

Regarding BW, HW, and HW/BW ratio, there was a
highly significant difference between the studied
groups. Also, LSD test comparing between the
studied groups showed that the values of weight and
ratio in DOX and withdrawal groups were
significantly decreased compared to other groups.
These results were observed previously by other
studies *'®. They attributed these findings to
decreased appetite in DOX-treated rats and inhibition
of protein production caused by DOX.

In contrary to the results of this study, other studies
1718 showed no significant difference between the
studied groups.

Co-administration of metformin with DOX made the
rats gain weight but still less than the weight gain in
the rats in the control and metformin groups
indicating that metformin decreased the toxic effect
of DOX. These results were in accordance with
previous studies 4%,

In disagreement with these results, the observations
obtained by previous studies 2 who mentioned that
the rats in the combined DOX and metformin group
gained weight normally typically like the rats in the
control and metformin group.

Regarding the serum cardiac troponin I (cTn 1), this
study revealed that, there was a significant elevation
of ¢cTn | in the DOX group denoting high
cardiomyocyte breakdown. The values decreased, but
still higher than normal, in the withdrawal group.
These values descent to just little above the normal
range in the combined DOX and MET group. These
Eﬁlﬂats were in accordance with previous studies
Like cTn I, was the results of serum CK-MB. This
study revealed more elevated CK-MB levels in
DOX-treated group than in withdrawal group and
both of them were significantly higher than the levels
in combined DOX and metformin group which was

little above the normal range. The same results were
observed by other studies #3182,

A slightly different results were obtained by previous
studies 2?2 as they found that the serum cTn | and
serum CK-MB was returned completely to normal
values in the combined DOX and metformin group.
Histopathological examination of myocardium in H
& E stained sections from DOX-treated group
showed disorganized cardiac muscle fibers and areas
of wavy myocardium with intramyocardial necrosis
in the form of focal cardiomyocyte necrosis or
contraction band necrosis (necrosis of adjacent
cardiomyocytes). There were also ill-defined or lost
cell borders, pyknotic or absent nuclei, pale
eosinophilic cytoplasm and scattered inflammatory
cells. Furthermore, there were scattered vacuoles,
areas of hemorrhage, and other areas of congestion
showing numerous RBCs in between
cardiomyocytes. These observations were nearly the
same in the withdrawal group, but less aggressive
and also occupied a lesser area of the myocardium in
comparison with DOX group. These findings were
mentioned by other studies 3417,
Moreover, in accordance with other studies
Masson’s trichrome stained sections in the DOX-
treated group showed a very thick irregular collagen
fibers in between the cardiomyocytes. This was
completely different from the control and metformin
groups which showed a very thin or nearly absent
collagen fibers in between the cardiomyocytes.

This study also demonstrated that, H & E stained
sections from the combined DOX and metformin
group showed a significant improvement in the
above-mentioned toxic effects in comparison with
DOX and withdrawal groups; as the myocardium
appeared well-organized with no hemorrhagic nor
congested areas. Most of cardiomyocytes appeared
normal nuclei and cytoplasm with little areas of wavy
myocardium. These observations denote that
metformin has a great protective effect on DOX-
induced cardiotoxicity and were in agreement with
previous studies 13142,

Furthermore, Masson’s trichrome stained sections in
the combined DOX and metformin group showed a
very thin or nearly absent collagen fibers in between
cardiomyocytes like the collagen distribution in the
control and metformin groups, denoting that
metformin  prevented DOX-induced myocardial
fibrosis. This was in accordance with previous
studies 1%,

Regarding ultra-structural changes, TEM results of
DOX-treated group showed focal areas of
myofibrillar loss with disorganized A and | bands.
The majority of nuclei were pyknotic with
aggregated chromatin in some parts with wide areas
of chromatin loss in other parts. Peri-nuclear
mitochondria were nearly absent around the pyknotic
nuclei. Most IFM appeared fragmented with
disrupted cristae. Wide, separated, interrupted
intercalated discs were noted between the cardiac
myocytes. The same observations were found in
withdrawal group, but were less severe than in the
DOX group. This was in agreement with previous
studies #2224,

4,11,22
)
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This study also demonstrated that, concomitant use
of metformin with DOX ameliorated the ultra-
structural changes caused by DOX. TEM results of
this group showed a picture nearly similar to the
control and metformin groups; as the majority of
cardiomyocytes had well-organized configuration
with minor loss in limited areas. Also, the nuclei and
mitochondria were normal in appearance except
many alterations in some parts. These were in
accordance with Ajmal et al. ° who attributed these
changes to the cardioprotective effect of MET on the
mitochondrial level mainly and also on the nuclear
and DNA level.
CONCLUSION

These  results  proved histologically  and
biochemically that metformin has an evident
protective effect on myocardial injury induced by
doxorubicin.  Therefore, concomitant wuse of
metformin with doxorubicin is suggested in cancer
patients.
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