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Sodium Metabisulphite, a Preservative Agent, Decreases the
Heart Capillary Volume and Length, and Curcumin, the Main
Component of Curcuma Longa, Cannot Protect It
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Abstract. Sodium metabisulphite is used as an anti-
oxidant agent in many pharmaceutical formulations.
It is extensively used as a food preservative and dis-
infectant. It has been demonstrated that sulphite ex-
posure can affect some organs. Curcumin, the main
element of Curcuma longa, has been identified to
have multiple protective properties. The present study
extends the earlier works to quantitative evaluation
of the effects of sulphite and curcumin on the heart
structure using stereological methods. In this study,
28 rats were randomly divided into four experimen-
tal groups. The rats in groups I to IV received dis-
tilled water (group I), sodium metabisulphite (25 mg/
kg/day) (group II), curcumin (100 mg/kg/day) (group
III), and sodium metabisulphitet+curcumin (group
IV), respectively, for 8 weeks. The left ventricle was
subjected to stereological methods to estimate the
quantitative parameters of the myocardium. A 20 %
decrease was observed in the total volume of ventric-
ular tissue in the sulphite-treated animals compared
to the distilled water treatment (P < 0.02). Also, the
volume and length of the capillaries were reduced by
43 % on average in the sulphite-treated rats in com-
parison to the distilled water-treated animals (P <
0.02). However, no significant change was seen in the
mean and total volume of the myocardium and the
cavity and diameter of the capillaries after sulphite
ingestion. Treatment with curcumin did not protect
the animals against the structural changes of the
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ventricle. Sulphite, as a preservative food agent, re-
duced the length and volume of the ventricular capil-
laries and curcumin could not protect them.

Introduction

Sulphite salts are extensively used as food preserva-
tives (due to their antimicrobial activity) and have been
accepted as safe by the Food and Drug Administration
since 1959 (Gunnison and Jacobsen, 1987; Kencebay et
al., 2013). Sodium metabisulphite is one of these salts. It
is a white powder with light odour of rotten egg. Previous
studies have reported that ingested sulphite is absorbed
by the gastrointestinal tube and distributed essentially to
all body organs (Gunnison and Benton, 1971; Gunnison
and Jacobsen, 1987). However, researchers have focused
mainly on histopathological evaluation of the heart after
sulphite ingestion and the quantitative aspect of the heart
structure has received less attention (Nair and Elmore,
2003; Dénicke et al., 2008). Curcumin (diferuloyl meth-
ane), the main element of Curcuma longa, is known to
have multiple properties, including anti-oxidant, anti-
inflammatory, anti-hypertensive, and anti-tumour ef-
fects. Curcuma longa (turmeric) can be easily added to
foods and might be considered as an available protective
agent (Noorafshan and Ashkani-Esfahani, 2013).

There are several studies bringing evidence of the
cardiac protective effects of curcumin. Chen et al.
(2013) showed that curcumin pre-treatment improved
cardiac contractility and attenuated myocardial injury
through reducing the inflammatory process in the heart
and oxidative stress in the myocardium. Yang et al.
(2013) also demonstrated that curcumin has protective
effects on the cardiac function in rats with sepsis.
Kapakos et al. (2012) also highlighted the cardiovascu-
lar protective role of curcumin with an emphasis on the
molecular basis of this effect. The present study aims to
evaluate the structural changes of the heart and to find
quantitative responses to the following questions using
stereological methods: How much does the volume of
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the left ventricle change after sulphite exposure? How
much does the volume of the myocardium and connec-
tive tissue change after sulphite treatment? How much
does the volume and length of the capillaries change af-
ter sulphite exposure? Does curcumin protect the heart
structure after sulphite treatment?

Material and Methods

Animals

The present study was conducted in 28 adult male
Sprague-Dawley rats (weight 200-250 g, the rats were
purchased from the laboratory animal centre of Shiraz
University of Medical Sciences, Shiraz, Iran). All the
trials were performed according to the guidelines of the
Ethics Committee of Shiraz University of Medical
Sciences, Shiraz, Iran (Approval No. HSRC-92-1126).
The animals were randomly divided into four experi-
mental groups (N = 7). The rats in groups I to IV re-
ceived daily gastric gavages of distilled water (group 1),
sodium metabisulphite (group II, 25 mg/kg/day, Sigma-
Aldrich, St. Louis, MO), curcumin (group III, 100 mg/
kg/day, Merck KGaA, Darmstadt, Germany) and sodi-
um metabisulphite+curcumin (group IV), respectively,
for 8 weeks (Akdogan et al., 2011; Ercan et al., 2013;
Noorafshan and Ashkani-Esfahani, 2013). The amount
of 5-6 mg sodium metabisulphite was dissolved in 1 ml
of the vehicle for each rat. The amount of 20-25 mg
curcumin was dissolved in 1 ml of the vehicle for each
rat. The dose of sodium metabisulphite used in this study
was chosen according to the preceding information of
the World Health Organization (WHO), which has de-
termined the acceptable daily intake level of sulphites as
0.7 mg/kg body weight, expressed as sulphur dioxide.
With this in mind, it is significant to note that the mean
per capita of sulphite consumption from food and bever-
ages is estimated as 19 mg sulphur dioxide equivalents
per day. This limit is reported to be 163 mg sulphur di-
oxide equivalents in the 99th percentile of the popula-
tion (Elmas et al., 2005). The amount of the ingested sul-
phite is related to the dietary regime and cannot be
definitely estimated. Therefore, 25 mg/kg/day was used
in this work. Additionally, the dose of curcumin was se-
lected according to our earlier results that confirmed
100 mg/kg/day as the appropriate dose of curcumin with
no side effects on the liver, kidney, and blood levels of
aspartate aminotransferase, alanine aminotransferase,
urea nitrogen, and creatinine (Noorafshan and Ashkani-
Esfahani, 2013). Therefore, in the present study “curcum-
in as a preservative agent” was evaluated in connection
with higher than usual dosage of sodium metabisulphite.

Estimation of the ventricle volume

The stereological equipment consisted of a Nikon
E-200 microscope (Nikon, Tokyo, Japan) and a micro-
cator (Heidenhain MT-25, Tranreut, Germany) joined to
a computer, a monitor, and the stereology software de-
signed at Shiraz University of Medical Sciences, Shiraz,

Iran. The stereological probes (point grids and counting
frames) were superimposed onto the images of the tis-
sue sections that appeared on the monitor.

The left ventricle including interventricular septum
was removed and immersed in neutral buffered formal-
dehyde (Miihlfeld et al., 2010). The volume of the left
ventricle was estimated according to the isotropic Cava-
lieri method. Isotropic uniform random sectioning was
necessary for stereological estimation and the sections
were obtained using the isector method (Nyengaard and
Gundersen, 1992; Miihlfeld et al., 2010). Briefly, the left
ventricle was embedded in a spherical paraffin block
(Fig. 1). Starting at a random position outside the left
ventricle, the tissue was totally cut into 4 and 24 pm
thickness serial sections. Briefly, two 4 um were sec-
tioned and then two 24 um were cut and collected. This
process was continued until the whole ventricle was sec-
tioned. The tissue was stained with Heidenhain’s AZAN
trichrome. After sampling of 8—12 sections, the volume
of the left ventricle was estimated using the following
formula:

Vineary = 2P hearyy X @(p) X T

Where “Y P .., represented all the points hitting the
sectional profile of the ventricular tissue (181 points per
animal on average), “(a/p)” was the area associated with
each point projected on the heart tissue (here 2.12 mm?),
and “T” was the distance between the sections (0.804
mm) (Fig. 1).

Estimation of the volume of the myocardium,
capillaries, and connective tissue

The volume density of the myocardium, connective
tissue, and capillaries was estimated using the point-
counting method (Gundersen etal., 1988a, b; Nyengaard,
1999). Briefly, a grid of points was superimposed upon
the images of the ventricle sections viewed on the mo-
nitor. Then, the volume density “Vy(structure/ref)” of
the favoured parameters was obtained using the follow-
ing formula:

Vy (structure/ref) = P(structure)/ P(ref)

Where “P(structure)” and “P(ref)” represented the to-
tal number of the points hitting the structures of interest
(myocardium capillaries or connective tissues) and the
left ventricle sections, respectively (Fig. 1).

The total volume of the vessels and the connective
tissue was estimated by multiplying the volume density
by the final volume of the ventricle (Gundersen et al.,
1988a, b; Nyengaard, 1999).

Estimation of the mean volume of the
cardiomyocyte

Volume-weighted mean volume of the cardiomyocyte
was estimated using the point-sampled intercept method
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Fig. 1. A. Isector method. The left ventricle was embedded in a spherical paraffin block. Then, starting at a random posi-
tion outside the left ventricle, the tissue was totally cut into 4 and 24 pum thickness serials to obtain 8 to 12 sections. B.
Cavalieri method. Using the point-counting method, the area of each section was estimated. C. Point-counting method.
To estimate the volume density of the myocardium, connective tissue, and vessels, the number of the points hitting the
structure was divided by the total number of points. D. Point sampled intercept. The intercept lengths on the isotropic
sections were measured in two directions. E. Length density and diameter of the vessels. The profiles of the vessels that
were located inside the frame and did not touch the left and lower borders of the frame were counted. The diameter of the
vessels was estimated from the broadest diameter orthogonal to the longest axis of the vessels that approximately touched

the centre of the vessels. Heidenhain’s AZAN trichrome stain.

(Gundersen et al., 1988a, b; Nyengaard, 1999). Briefly,
a grid of points was uniformly superimposed on the 4
pm heart sections in a random manner. Some points
were landed on the cardiomyocytes. Then, the length of
the random intercept “"/,”” passing through the point was
measured and the volume was estimated using the fol-

lowing formula:

V=%X1?)

Estimation of the length and diameter of the
capillaries

The length density of the capillaries was estimated
using the following formula:

Ly (capillaries /heart) = 2XQ/(XP x a/f)

Where “ZQ” denoted the total number of the capillary
profiles counted per heart, “XP” was the total number of
the counted frame, and “a/f” was the area of the count-
ing frame (2400 pm?) (Fig. 1).

The diameter of the capillaries was estimated from
the broadest diameter orthogonal to the longest axis of
the capillaries that approximately touched the centre of
the capillaries (Fig. 1) (Gundersen et al., 1988a, b;
Nyengaard, 1999).

Statistical analysis

The data were shown as mean + SD and analysed by
application of Mann-Whitney U-test. P values less than
0.05 were considered as statistically significant. Coef-
ficient of variation (CV = SD/mean) offers a way of
comparing variations in different study groups.

Results

No qualitative histopathological changes were seen in
any groups (Fig. 2). The results of the quantitative eval-
uations are shown in Fig. 3. The ventricular tissue in-
cludes the myocardium, connective tissues and mi-
crovessels. A 20 % decrease was observed in the total
volume of the ventricular tissue in the sulphite-treated
rats in comparison to the distilled water-treated animals
(P =0.02). The volume of the myocardium and connec-
tive tissue did change, but the volumes of the capillaries
were decreased. However, no significant change was
seen in the volume of the ventricular cavity (Fig. 3).

Also, no significant difference was found among the
study groups regarding the mean volume of the cardio-
myocyte (Fig. 3).

In addition, the volume and length of the capillaries
were reduced by 43 % on average in the sulphite-treated
rats in comparison to the distilled water-treated animals
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Fig. 2. Histopathological evaluation of the heart in the groups treated with distilled water (A), sulphite (B), curcumin (C)
and sulphite+curcumin (D). Cardiomyocytes appear normal and their striations are apparent. No sign of ischaemia and
necrosis are seen. No increase in fibrous tissue is observable. A lower profile of capillaries (arrows) in the sulphite- and
sulphite+curcumin-treated groups can be observed. Heidenhain’s AZAN trichrome stain.

(P =0.02) (Fig. 3). The diameter of the capillaries did
not change after sulphite ingestion.

Treatment of the animals with curcumin did not
change the quantified parameters of the ventricle includ-
ing myocardium, connective tissue and microvessels of
the heart. Co-treatment of curcumin with sulphite could
not protect the alterations of capillaries induced by sul-
phite (Fig. 3).

Discussion

The present study explored the effects of sodium me-
tabisulphite and curcumin on the heart structure. The
study results revealed a decrease in the ventricular vol-
ume after sulphite ingestion. The ventricle is mainly
composed of myocardium and capillaries and sulphite
mainly affects the capillaries. Nair et al. (2003) and
Danicke et al. (2008) reported no histopathological al-
terations in the heart structure after sulphite treatment in
their evaluations. It should be mentioned that qualitative
studies might not reflect all the changes. The qualitative
evaluation of microscopic slides that were prepared in
the present study also showed no signs of significant
changes. Hence, quantitative methods are more useful in
these circumstances. In addition to reporting the changes
in a quantitative way, stereological methods can be used
to define the extent of changes.

The evaluation showed that the volume of the left
ventricle decreased and the total heart weight was re-

duced, although not significantly. The change in the heart
weight might not reflect the exact changes due to the
sulphite effects. The reason might be the remaining
heart appendages or small amounts of the blood clots in
the tissue. The study by Yang et al. (2012) proved the
vasodilator effect of sodium metabisulphite. In contrast,
a previous study showed vasoconstriction effects of so-
dium metabisulphite on the rats’ aortic rings (Wills et
al., 1989). The above-mentioned studies have focused
on the aortic ring, and to the best of our knowledge lim-
ited studies have been conducted on the capillary changes
after metabisulphite exposure. The study by Lavoie and
Chessex (1993) demonstrated that sulphite used in par-
enteral nutrition modified local vaso-reactivity. These au-
thors reported that sulphite could affect the capillary
endothelium. This effect can be explained by the fact
that free oxygen radicals have an inhibitory effect on
prostacyclin synthase. Inhibition of the synthesis and
action of prostaglandins (including PGE2) can reduce
angiogenesis (Lavoie and Chessex, 1993). Finetti et al.
(2008) reported that PGE2 stimulated capillary forma-
tion in the aortic rings that were strictly abridged by in-
hibitors of signalling molecules or by a receptor antago-
nist. The hazardous effects of sulphite have also been
shown by Sakamoto et al. (1992). They demonstrated
that bronchial airway microvascular leakage was in-
duced by metabisulphite, as it was quantified by the ex-
travasation of Evans blue dye (Sakamoto et al., 1992).
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Fig. 3. The scatter plots of the quantified parameter of the hearts in groups treated with distilled water (DW), sulphite
(SUL), curcumin (CUR) and sulphite+curcumin (SUL+CUR). Volume (mm?) of the ventricular tissue (A), myocardium
(B), connective tissue (C), capillaries (D), ventricular cavity (E), volume-weighted mean volume (um) of the myocytes
(F), length (m) of the capillaries (G), diameter (um) of the capillaries (H) and weight (mg) of the heart (I). Each dot rep-
resents an animal and the horizontal bar indicates the mean of the group. P = 0.02, sulphite vs. distilled water.

Evaluation of the co-treatment of curcumin and sul-
phite was another goal of the current study. A previous
study by Thaloor et al. (1998) showed that curcumin in-
hibited angiogenesis in the umbilical vein by its effects
on endothelial cells. They also indicated that curcumin
might exert its suppressor effect at both transcriptional
and posttranscriptional levels and by modulating pro-
tease activity throughout endothelial morphogenesis
(Thaloor et al., 1998). In the same line, Sawatpanich et
al. (2010) demonstrated the potential use of anti-angio-
genic action of curcumin in the maintenance of normal
vasculature of the kidney in diabetes mellitus. They also
reported that curcumin exerted an inhibitory effect on
the vascular endothelial growth factor expression. Since
sulphite mainly affects the capillaries’ endothelium, cur-
cumin could not exert any significant protection.

Conclusion: Sulphite, as a preservative food agent,
reduced the length and volume of the ventricular capil-
laries of the rats’ hearts. However, no changes were ob-

served in the cardiomyocytes of the sulphite-treated ani-
mals. Also, curcumin could not protect against the
structural changes of the heart capillaries.
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