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Effect of Curcumin on Cetrain Lysosomal Hydrolases
in Isoproterenol-Induced Myocardial Infarction in Rats
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ABSTRACT. The effect of curcumin on lysosomal hydrolases in serum and heart was studied by determining
the activities of B-glucuronidase, B-N-acetylglucosaminidase, cathepsin B, cathepsin D, and acid phosphatase.
Rats treated with isoproterenol (30 mg/100 g body weight) showed a significant increase in serum lysosomal
hydrolase activities, which were found to decrease after curcumin treatment. Isoproterenol administration to rats
resulted in decreased stability of the membranes, which was reflected by the lowered activity of cathepsin D in
mitochondrial, lysosomal, and microsomal fractions. Curcumin treatment returned the activity levels almost to
normal, showing that curcumin restored the normal function of the membrane. Histopathological studies of the
infarcted rat heart also showed a decreased degree of necrosis after curcumin treatment. BIOCHEM PHARMA-
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Considerable attention has been focused on lysosomal alter-
ations that might accompany ischemic or hypoxic myocellular
damage. Formation of autophagic vacuoles, disruption of lyso-
somes, and spread of lysosomal enzymes throughout the cell
have been observed in ischemic hearts {1, 2]. Irreversible ne-
crosis is mediated by abnormal degradation of cellular constit-
uents by lysosomal hydrolases, and this could indicate that
some of the latent hydrolases that are labilized by ischemia
may originate from other membrane-bound sites in addition to
lysosomal vacuoles [3]. A decrease in lysosomal stability in-
creases the levels of lysosomal enzymes, leading to altered me-
tabolism of different connective tissue constituents, viz. gly-
cosaminoglycan, glycoprotein [4], and collagen [5], in experi-
mentally induced myocardial infarction.

[SOt-induced myocardial infarction results in increased ly-
sosomal hydrolase activities that may be responsible for tissue
damage and infarcted heart [5]. Decreased activity of lysosomal
enzymes in particulate fractions of ischemic heart homoge-
nates has been a common finding {7, 8]. One approach to
ameliorate the damage due ro myocardial injury is to stabilize
the membranes of ischemic myocytes, including lysosomal
membranes, and to protect the cells from autolytic and het-
erolytic damage. Curcumin (diferuloyl methane), an impor-
tant constituent of Curcuma longa, possesses antioxidant [9],
antiinflammatory [10], and anticancer [11] actions, in addition
to antiaggregatory and antithrombolytic properties [12, 13]
and is observed to prevent benzo[a]pyrene-induced DNA dam-
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age at both the target (mouse forestomach) and non-target
(mouse bone marrow) sites [14]. Several mechanisms [15, 16]
have been proposed to explain the action of curcumin. Cur-
cumin is known to have a membrane-stabilizing action [17],
and it is possible that stabilization of myocardial cell mem-
branes, particularly the lysosomal membranes, may prolong the
viability of ischemic cardiac muscle. The purpose of this study
was to investigate the action of curcumin on the lysosomal
hydrolase activities in heart and serum and on the histopath-
ological changes taking place in the heart during curcumin
treatment. Distribution of the major cardiac lysosomal protei-
nase, cathepsin D, which is localized predominantly in myo-
cytes rather than in interstitial cells [18], also was studied.

MATERIAL AND METHODS

Isoproterenol-HCl, p-nitrophenol, p-nitrophenyl-B-b-glucuro-
nide, p-nitrophenyl phosphate, hemoglobin, N-a-benzoyl ar-
ginine p-nitroanilide HCl, p-nitrophenyl-B-D-N-acetyl-glu-
cosaminide, and bovine serum albumin were purchased from
the Sigma Chemical Co., St. Louis, MO, U.S.A. Curcumin
was received as a gift from CFTRI, Mysore, India. All other
chemicals used were of analytical grade.

Female rats (Wistar, inbred at the CLRI animal facility),
weighing approximately 100 g, were housed in solid-bottomed
polypropylene cages. The animals received a commercial rat
diet (Hindustan Lever, Bombay) and water ad lib. The animals
were divided into four groups as follows: (1) normal control
group; (2) ISO-administered group (30 mg/100 g body weight,
subcutaneously, twice at an interval of 24 hr) as described by
Wexler and Kittinger [19]; (3) curcumin-treated control
group; and (4) ISO-administered group treated with curcumin.



48

C. Nirmala et al.

TABLE 1. Effect of curcumin on lysosomal hydrolase activities in serum in experimentally induced myocardial infarction

Acid
Group B-Glucuronidase* B-N-Acetylglucosaminidase* Cathepsin B Cathepsin D¥ phosphatase§
Control 8.63 £ 0.69 17.23£0.96 10.32 £0.96 10.46 £1.02 5.06 +0.36
Isoproterenol 12.60+0.75/ 22.03 + 1.56/ 14.88 + 1.20" 15.99 +1.13! 9.25+0.60"
Curcumin 8.76 £ 0.88 17.46 £0.86 10.52£1.02 10.95 + 1.69 4.89 +0.56
Curcumin + 9.06 £0.65 18.42£1.02 11.56 £1.23 11.79 £ 1.17 5.22+0.87
isoproterenol

Values are means + SD of six determinations.
* Expressed in umol p-nitrophenol/hr/100 mg protein.
+ Expressed in gmol p-nitroaniline/hs/100 mg protein.
¥ Expressed in umol tyrosine/hr/100 mg protein.
§ Expressed in nmol p-nitrophenol/min/mg protein.
I'P < 0.001, compared with control.

Curcumin (200 mg/kg body weight) suspended in 1% gum
acacia in water was given to each animal orally for 2 days prior
to ISO administrations, and the same dose was continued dur-
ing ISO administration.

After the experimental period (24 hr after the second dose
of ISO), the rats were killed by cervical decapitation, and
blood was collected to obtain serum.

Separation of subcellular fractions

The heart tissue samples, obtained 24 hr after the second dose
of ISO, were cut open and placed in isotonic saline to remove
the blood. Then the heart tissues were rinsed in ice-cold 0.25
M sucrose, blotted, weighed, and minced. The enzyme extracts
were prepared by homogenizing the tissue samples in 0.25 M
sucrose at 4°. A portion of this preparation was used to deter-
mine the total activity. Another portion of the homogenate
was subjected to differential centrifugation, and the different
fractions were separated as follows: structural proteins, nu-
cleus, and cell debris at 600 g for 10 min; mitochondria at
5,000 g for 10 min; lysosomes at 15,000 g for 10 min; mi-
crosomes at 120,000 g for 30 min, and supernatant cytosol.

Measurement of enzymatic activities

Myocardial subfractions were treated with Triton X-100 (final
concentration 0.2%, v/v) in ice for 15 min prior to the deter-

mination of enzymatic activities. 3-Glucuronidase activity was
determined according to the method described by Kawai and
Anno [20] and B-N-acetylglucosaminidase by the method of
Moore and Morris [21]. Cathepsin D activity was assayed by
the method of Sapolsky et al. {22] using 1.5% hemoglobin in
0.1 M acetate buffer, pH 3.0, and estimating the amount of
tyrosine liberated. The activity of cathepsin B was determined
as described by Barret [23} using N-o-benzoyl arginine p-ni-
troanilide HCl as the substrate. Acid phosphatase activity was
assayed by the method of Barrett and Heath [24] using p-ni-
trophenyl phosphate as substrate. Activities of these enzymes
were expressed as total activity/ht/100 mg protein. Protein in
all the enzyme extracts and in serum was estimated by the
method of Lowry et al. [25] using crystalline bovine serum
albumin as the reference standard.

Histological studies

Tissues taken for histological examination (groups 1, 2, 3 and
4} were removed as quickly as possible at autopsy and placed
in 10% buffered neutral formalin solution. After fixation was
complete, tissues were embedded in paraffin, serial sections
were cut at 5 gm, and stained with hematoxylin and eosin.
The sections were examined under light microscope, and pho-
tomicrographs were taken.

The results were statistically evaluated using Student’s
t-test.

TABLE 2. Effect of curcumin on heart lysosomal hydrolase activites in experimentally induced myocardial infarction

Acid
Group B-Glucuronidase* B-N-Acetylglucosaminidase* Cathepsin BT Cathepsin Di phosphatase§
Control 2032+£0.72 44,13+ 4.18 2732£1.87 24.68 £1.67 22.72+1.42
Isoproterenol 32.00+1.24" 56.68 £ 5.019 36.98 + 2.90! 32.62 +2.32! 30.55 + 1.05!
Curcumin 21.26 £ 0.95 42.68 £4.23 25.92+2.02 23.24£1.64 21.984 1.56
Curcumin + 21.29£1.08 44.30 £ 4.94 28.78£2.52 26.23£1.25 23.89+1.86
isoproterenol

Values are means + SD of six determinations.
* Expressed in ptmol p-nitrophenol/hr/100 mg protein.
t Expressed in gmol p-nitroaniline/he/100 mg protein.
¥ Expressed in pmol tyrosine/ht/100 mg protein.
§ Expressed in nmol p-nitrophenol/min/mg protein.
P < 0.001, compared with control.
q P = 0.01, compared with control.
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TABLE 3. Effect of curcumin on the subcellular distribution of heart cathepsin D in experimentally induced myo-
cardial infarction
Cathepsin D (pmol tyrosine liberated/hr/100 mg protein)
Nuclear Mitochondrial Lysosomal Microsomal Cytosolic
Group fraction fraction fraction fraction fraction A¥* Bt
Control 12.05+1.63 13.29 £ 1.67 2641 +£1.36 7.39£0.66 16.18 £1.23 0.613 0.655
Isoproterenol 14.45+ 1.04 8.44+1.02% 16.04 £ 0.94% 3.22£0.35% 26.78 £ 2.48% 1.669 0.816
Curcumin 1195+ 1.75 13.94+1.35 25.77+£1.46 7.6910.71 16.07 £ 1.97 0.624 0.691
Curcumin + 1237 £ 1.19 14.25+1.42 2691+ 1.69 6.13+£0.83 18.49 £ 1.75 0.687 0.705
isoproterenol

Values are means £ SD of six samrles.
* A: ratio of cytosol {free) to lysosomal (bound) activity.
1 B: ratio of cytosol (free) to total activity.
$P =< 0.001, compared with control.

RESULTS

The activities of lysosomal hydrolases in serum are presented
in Table 1. Serum lysosomal hydrolases (B-glucuronidase, B-N-
acetylglucosaminidase, cathepsin B, cathepsin D, and acid
phosphatase) were found to be elevated significantly following
ISO-induced myocardial infarction. The levels of these en-
zymes remained at near normal levels in rats that received
both curcumin and ISO.

A significant increase in the activity of B-glucuronidase,
cathepsin B, cathepsin D, B-N-acetylglucosaminidase and acid
phosphatase in the heart was noticed in rats treated with [SO
{Table 2) curcumin treatment caused a decrease in the enzyme
activity to near control levels.

Table 3 shows the activities of cathepsin D in the subcel-
lular fractions of the heart. The data presented clearly indicate
that significant changes were not observed in cathepsin D
activity in the nuclear fraction of the heart in rats treated with
ISO or with curcumin and 1SO. However, there was a signif-
icant decrease in the activity of cathepsin D in mitochondrial,
lysosomal, and microsomal fractions of the heart in rats treated
with ISO. Cathepsin D activity in the cytosolic fraction of the
heart was found to be elevated significantly in 1SO-treated
rats, but this increase in activity was observed to be reduced
markedly in rats treated with curcumin and 1SO. ISO-admin-
istered groups showed an increased ratio of cytosol to bound
lysosomal activities and cytosol to total activity for cathepsin
D in the heart. Treatment of ISO-administered rats with cur-

FIG. 1. Heart tissues of control rats under light microscope
showing normal architecture (200x).

cumin showed a marked decrease in the ratio of cytosol to
bound lysosomal and cytosol to total activities, which were
found to be near normal values.

Figure 1 represents the normal architecture of heart upon
histological examination. A massive necrosis of the heart mus-
cle fibers with disruption of muscle bundles was observed in
ISO-treated groups (Fig. 2). The curcumin-treated control
group revealed normal cardiac muscle fiber architecture (Fig.
3). In the ISO-administered group treated with curcumin, a
decreased degree of necrosis was observed (Fig. 4).

DISCUSSION

It was reported previously that the localization of acid hydro-
lases in cardiac myocytes is in the lysosome and that the re-
lease of these enzymes from the lysosome to the cytosol leads
to myocardial cellular injury and death in the ischemic state of
the heart [2, 7, 26]. This is in agreement with our findings
showing that in [SO-administered rats the activities of serum
lysosomal acid hydrolases increased, lysosomal bound acid hy-
drolases decreased, and cytosol enzyme activities increased.
Ravens and Gudbjarnason [27] observed that the release of
hydrolytic enzymes from lysosomes after coronary occlusion
may be a causative factor for the development of myocardial
cellular destruction. Using the immunofluorescence method,
Decker et al. [2] have also shown the release of cathepsin D
from lysosome to cytosol 15-30 min after coronary occlusion.

e L

FIG. 2. Rat heart showing massive necrosis of muscle fibers 1
day after ISO-induced myocardial infarction (200%).
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FIG. 3. Heart tissues of curcumin-treated control rats showing
normal muscle fiber architecture (200x).

Furthermore, these cytosolic acid hydrolases released from ly-
sosomes and from the sarcoplasmic reticulum induce the dys-
function and disruption of mitochondria, sarcolemma, and
other organelle in the same way as reported earlier [28, 29].

In a previous study carried out in dogs [30], activities of acid
hydrolases such as B-glucuronidase, acid phosphatase, and ca-
thepsin D were observed in the microsomal fraction, which is
composed mainly of sarcoplasmic reticulum, and that activa-
tion of these acid hydrolases inside sarcoplasmic reticulum was
important for the evolution of ischemic myocardial injury and
death. In our study, cathepsin D in the microsomal fraction
was found to decrease in ISO-treated rats. Curcumin treat-
ment of ISO-administered rats could inhibit the release of
enzymes from the lysosomal and microsomal fractions, which
could be due to the stabilizing effect of curcumin on the lyso-
somal and microsomal membranes. It is interesting to note
that the distribution of enzyme activity between the cytosol to
lysosomal and cytosol to total activities reported in our studies
indicates decreased lysosomal stability in [SO-treated rats. In
addition, our studies demonstrated that curcumin might in-
hibit the release of lysosomal enzymes as well as decrease the
activity of the total lysosomal acid hydrolases, thereby enhanc-
ing the stability of the lysosomes. Histological studies carried
out on the heart samples of different groups (Figs. 1-4) also
support our findings, showing that curcumin pretreatment de-
creases the degree of necrosis.

[t is possible that the release of endogenous corticoids by
curcumin may help indirectly in stabilizing lysosomal mem-
branes, since this property of glucocorticoids is well known
[31]. It has been reported that small doses of ibuprofen suppress
lysosomal enzyme release by stabilizing the lysosomal mem-
brane [32]. Curcumin is found to be more potent than ibu-
profen as a stabilizer of lysosomal membrane and as an uncou-
pler of oxidative phosphorylation [17]. Kalra and Prasad [33]
have suggested that oxygen free radicals generated during isch-
emia, in addition to the direct myocardial damaging effect,
may also be responsible for the cardiac damage through the
release of lysosomal enzymes. The beneficial effect of curcumin
may also be mediated by the scavenging of oxygen free radicals
[34, 35] with the resultant preservation of cellular viability
serving secondarily to preserve lysosomes as well.

The results of this study illustrate that curcumin, due to its
stabilizing action on the lysosomal membrane and the conse-
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FIG. 4. Heart tissues of ISO-administered rats treated with cur-
cumin, showing a decreased degree of necrosis (200x).

quent diminution in the liberation of hydrolytic enzymes in
[SO-induced myocardial infarction in rats, exercises a protec-
tive role. Thus, pretreatment with curcumin could preserve
lysosomal integrity and delay signs of necrosis in severely isch-
emic hearts. This protective action is all the more interesting
since curcumin, at a dose range of 0.05 to 2 g/kg body weight,
is non-toxic and non-mutagenic [36, 37] in rats.

The authors thank Dr. K. V. Raghavan, Divector, CLRI, for his permis-
sion to publish this work. The financial assistance by CSIR, New Delhi, 1o
C. Nirmala is gratefully acknowledged.

References

1. Hoffstein S, Gennaro DE, Weissmann G, Hirsch ], Streuli F and
Fox AC, Cytochemical localization of lysosomal enzyme activity
in normal and ischemic dog myocardium. Am J Pathol 79: 193~
206, 1975.

2. Decker RS, Poole AR, Griffin EE, Dingle JT and Wildenthal K,
Altered distribution of lysosomal cathepsin D in ischemic myo-
cardium. J Clin Invest 59: 911-921, 1977.

3. Decker RS and Wildenthal K, Role of lysosomes and latent hy-
drolytic enzymes in ischemic damage and repair of the heart. In:
Degradative Processes in Heart and Skeletal Muscle (Ed. Wildenthal
K), pp. 389—418, Elsevier/North Holland Biomedical Press, Am-
sterdam, 1980.

4. Mathew S, Menon PVG and Kurup PA, Changes in glycopro-
teins in isoproterenol induced myocardial infarction in rats. In-
dian J Biochem Biophys 19: 41-43, 1982.

5. Takahashi S, Barry AC and Factor SM, Collagen degradation in
ischemic rat hearts. Biochem J 265: 233-241, 1990.

6. Ravichandran LV, Puvanakrishnan R and Joseph KT, Influence
of isoproterenol-induced myocardial infarction on certain glyco-
hydrolases and cathepsins in rats. Biochem Med Metab Biol 45:
6-15, 1991.

7. Riccutti MA, Myocardial lysosome stability in the early stages of
acute ischemic injury. Am J Cardiol 30: 492-497, 1972.

8. Spath JA, Lane DL and Lefer AM, Protective action of methyl-
prednisolone on the myocardium during experimental myocardi-
al ischemia in the cat. Circ Res 35: 44-51, 1974.

9. Sharma OP, Antioxidant activity of curcumin and related com-
pounds. Biochem Pharmacol 25: 1811-1812, 1976.

10. Srimal RC and Dhawan BN, Pharmacology of diferuloyl methane
(curcumin), a non-steroidal anti-inflammatory agent. J Pharm
Pharmacol 25: 447-452, 1973.

11. Ammon HPT and Wahil MA, Pharmacology of curcumin. Plant
Med 57: 1-17, 1991.

12. Srivastava R, Puri V, Srimal RC and Dhawan BN, Effect of
curcumin on platelet aggregacion and vascular prostacyclin syn-
thesis. Arzneimittelforschung 36: 715-717, 1986.



Lysosomal Hydrolases in Myocardial Infarction

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Srivastava R, Dikshit M, Srimal RC and Dhawan BN, An-
tithrombolytic effect of curcumin. Throm Res 40: 413417, 1985.
Lahiri M, Maru GB and Bhide SV, Effect of plant phenols, B-car-
otene and 0.-tocopherol on benzolalpyrene-induced DNA dam-
age in the mouse forestomach mucosa (target organ) and bone
marrow polychromatic ervthrocytes (non-target organ). Mutat
Res 303: 97-100, 1993.

Srivastava R, Inhibition of neutrophil response by curcumin.
Agents Actions 28: 298-303, 1989.

Huang MT, Lysz T, Ferraro T, Abidi TF, Laskin JD and Conney
AH, Inhibitory effects of curcumin on in vitro lipoxygenase and
cyclooxygenase activities in mouse epidermis. Cancer Res 51:
813-819, 1991.

Srivastava R and Srimal RC, Modification of certain inflamma-
tion-induced biochemical changes by curcumin. Indian ] Med Res
81: 215-223, 1985.

Wildenthal K, Lysosomes and lysosomal enzymes in the heart. In:
Lysosomes in Biology and Pathology (Eds. Dingle JT and Dean RT),
Vol. 4, pp. 167-190. North Holland Publishing, Amsterdam,
1975.

Wexler BC and Kittinger GW, Myocardial necrosis in rats: Se-
rum enzymes, adrenal steroid and histopathological alterations.
Circ Res 13: 159-171, 1953.

Kawai Y and Anno K, Mucopolysaccharide-degrading enzymes
from the liver of the squid, Ommastrephes sloani pacificus. Biochim
Biophys Acta 242: 428-436, 1971.

Moore JC and Morris JE, A simple automated colorimetric
method for determination of N-acetyl-B-D-glucosaminidase. Ann
Clin Biochem 19: 157-159, 1982.

Sapolsky Al, Altman RD and Howell DS, Cathepsin D activity
in normal and osteoarthritic human cartilage. Fedn Proc 32:
1489-1493, 1973.

Barrett AJ, New assay for cathepsin Bl and other thiol protein-
ases. Anal Biochem 47: 280-293, 1972.

Barrett AJ and Heath MF, Lysosomal enzymes. Lysosomes: A
Laboratory Handbook (Ed. Dingle JT), pp. 110-115. Elsevier/
North Holland Biomedical Press, Amsterdam, 1977.

Lowry OH, Rosebrough NJ, Farr AL and Randall R], Protein

26.

21.

28.

29.

30.

31

32.

33.
34.

35.

36.

37.

51

measurement with the Folin phenol reagent. J Biol Chem 193:
265-275, 1951.

Decker RS and Wildenthal K, Sequential lysosomal alterations
during cardiac ischemia. II. Ultrastructural and cytochemical
changes. Lab Invest 38: 662-673, 1978.

Ravens KG and Gudbjarnason S, Changes in the activities of
lysosomal enzymes in infarcted canine heart muscle. Circ Res 24:
851-856, 1969.

Kennett FF and Weglicki WB, Effects of well-defined ischemia
on myocardial lysosomal and microsomal enzymes in a canine
model. Circ Res 43: 750-758, 1978.

Gortrwick MG, Kirk ES, Kennett FF and Weglicki WB, Release
of lysosomal enzymes during ischemic injury of canine myocar-
dium. In: Recent Advances in Studies on Cardiac Structure and
Metabolism (Eds. Kobayashi T and Rona G), Vol. 12: pp. 431-
438. University Park Press, Baltimore, 1978.

Sasi Y, Nakamura N, Kobayashi Y and Katagiri T, Studies on
intracardiac acid hydrolases in the ischemic myocardial necrosis.
Jon Circ ] 46: 1337-1344, 1982.

Winter CA, Nonsteroid anti-inflammatory agents. Annu Rev
Pharmacol 6: 157-174, 1966.

Smith R], Sabin C, Gilchrest H and Williams S, Effect of anti-
inflammatory drugs on lysosomes and lysosomal enzymes from rat
liver. Biochem Pharmacol 25: 2171-2177, 1976.

Kalra ] and Prasad K, Oxygen free radicals and cardiac depres-
sion. Clin Biochem 27: 163-168, 1994.

Kunchandy E and Rao MNA, Oxygen radical scavenging activity
of curcumin. Int J Pharm 58: 237-240, 1990.

Pulla Reddy ACh and Lokesh BR, Studies on the inhibitory
effects of curcumin and eugenol on the formation of reactive
oxygen species and the oxidation of ferrous iron. Mol Cell Bio-
chem 137: 1-8, 1994.

Ravindranath V and Chandrasekhara N, Metabolism of curcu-
min—Studies with PH]curcumin. Toxicology 22: 337-344, 1982.
Nagabhushan M and Bhide SV, Antimutagenic and anticarci-
nogenic action of turmeric (Curcuma longa). ] Nutr Growth Can-

cer 4: 82-89, 1987.



