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หลักการและวัตถุประสงค์: เคอร์คูมินเป็นสารส�ำคัญใน
ขม้ินชัน (Curcuma longa) ซึง่มฤีทธิต้์านออกซเิดชนัและฤทธิ์
ทางเภสชัวทิยาต่างๆ อย่างไรก็ตามผลของเคอร์คมิูนต่อภาวะ 
ฮีโมลัยติกอะนีเมียนั้นยังไม่ทราบ ฟีนิลไฮดราซีนเป็นสารที่
ท�ำให้เม็ดเลือดแดงแตกจึงท�ำให้เกิดภาวะซีดอย่างรุนแรง
และรวดเร็ว วัตถุประสงค์ของการศึกษานี้เพื่อตรวจสอบฤทธิ์
ของเคอร์คูมนิต่อการต้านภาวะฮโีมลยัตกิอะนเีมยีทีเ่หนีย่วน�ำ
ด้วยสารฟีนิลไฮดราซีนในหนูแรท
วิธีการศึกษา: หนูแรทเพศผู้สายพันธุ์ Sprague-Dawley  
แบ่งเป็น 6 กลุ่ม กลุม่ละ 8 ตวัถกูฉดีสารฟีนลิไฮดราซีนเข้าทาง 
ช่องท้อง (15 มก./กก.น�้ำหนักตัว/วัน) และได้รับการป้อนสาร 
เคอร์คูมิน (30 หรอื 100 มก./กก.น�ำ้หนกัตวั/วัน) เป็นเวลา 8 วนั 
หนแูรทในกลุม่ควบคุมได้รบัสารตัวท�ำละลายด้วยวธีิเดยีวกัน
และระยะเวลาเหมือนกันเมื่อสิ้นสุดการทดลองจะท�ำการวัด
พลศาสตร์การไหลเวียนเลือด การตอบสนองของหลอดเลือด 
และตัวบ่งชี้ภาวะเครียดออกซิเดชันในหนูทดลองทั้งหมด
ผลการศกึษา: หลงัจากฉดีสารฟีนลิไฮดราซนี หนแูรทจะเกดิ
ภาวะซีดและหลอดเลอืดท�ำงานผดิปกต ิโดยพบว่าค่าฮมีาโตครติ
ความดันเลือดและความต้านทานของหลอดเลือดส่วนปลาย 
ลดลงอย่างมาก เมื่อเปรียบเทียบกับหนูแรทในกลุ่มควบคุม
(p<0.05) นอกจากนี้การตอบสนองของหลอดเลือดต่อสารที่
มผีลกระตุ้นหลอดเลอืดกล็ดลงอย่างมาก และเคอร์คมิูนตาม 
ขนาดความเข้มข้นสามารถปรับการตอบสนองของหลอดเลือด 

Background and objective: Curcumin, the main chemical 
compound of turmeric (Curcuma longa), possessesstrong 
antioxidant and various pharmacological activities.  
However, the effect of curcuminon hemolytic anemic  
condition is unknown. Phenylhydrazine (PHZ) is ahemolytic  
agent which causes severe and acute anemia. The aim of 
this study was to investigate the effect of curcuminagainst 
PHZ-induced hemolytic anemia in rats.
Methods: Male Sprague-Dawley rats were divided into six 
groups of 8 rats each which intraperitoneally injected with 
PHZ (15 mg/kgb.w./day) and intragastrically administered  
with curcuminat dose of 30 or 100 mg/kgb.w./day for 8 
days. Rats in control groups were received vehicles in 
the same way over the same period. At the end of the 
experimental period, hemodynamic status, vascular  
responsiveness and oxidative stress markers were  
measured in all rats. 
Results: Signs of anemia and vascular dysfunction were 
present in rats after PHZ injection. A marked decrease 
in hematocrit, blood pressure and peripheral vascular  
resistance was found in PHZ-treated rats compared to 
control rats (p<0.05). Moreover, vascular responses to 
vasoactive agents were dramatically suppressed, and 
curcumin significantly restored these responses in a  
dose-dependent manner (p<0.05). The restorations of 
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Introduction
Phenylhydrazine (PHZ) is a hemolytic and  

pro-oxidant agent which is widely used in industry and 
laboratory. This compound is very useful in experimental 
models studying mechanisms of hemolytic anemia1. 
Theauto-oxidation of PHZ induces free iron release and 
generates free radicals such as hydrogen peroxide 
(H

2
O

2
) and hydroxyl radicals (OH·), which initiates the 

peroxidation of unsaturated fatty acids in endogenous 
phospholipids of plasma membrane of red blood cells 
(RBCs) to cause lipid peroxidation and protein oxidation  
resulting in the destruction of RBCs and hemolytic  
anemia2, 3. Another effect of PHZ is that it induces  
hypoxia, inflammation, vascular dysfunction and oxidative  
stress4, 5. Previous study reported that rats treated with 
PHZ (125 mg/kg i. p. ) showeda sign of severe hemolytic 
anemia with a marked reduction of blood hemoglobin (Hb)  
levels within 48 hours 6. PHZ also induced hypotension  
and diminished vascular responsiveness that was  
associated with increased production of reactive  
oxygen species (ROS)5, 7. Therefore, PHZ can be used as 
a model of oxidant stress-induced vascular dysfunction  
and hemolytic anemia. 

Curcumin is the major active component of turmeric  
(Curcuma longa), a rhizomatous herbaceous perennial  
plant of the ginger family, Zingiberaceae. It is widely used 
in tropical regions of Asia as a spice to give flavor and  
yellow color to food. Curcuminhas been recommended 
as food supplements for prevention and treatment of 
various chronic conditions, including autoimmune,  
cancer, diabetes, hypertension, cardiovascular,  
pulmonary, inflammatory, neurological, psychological 

and metabolic diseases8-12. Curcumin and its major 
metabolites, tetahydrocurcumin also chelate many 
metal ions such as iron, cadmium, lead and copper 13-16. 
Regarding the antioxidant property, curcumin directly 
scavenges free radicals by using diketone group toreact 
with OH· and H

2
O

2
 while the two phenyl methoxy groups 

of curcumin suppress NF-
k
B activation17-19 and inhibits 

xanthine oxidase/xanthine dehydrogenase conversion, 
leading to a decrease in superoxide (O

2
·-) generation20.  

However, data supporting the antioxidant activity of  
curcumin against oxidative stress and vascular dysfunction  
in hemolytic anemia is still lacking. Thus, this study 
aimed to investigate the antioxidant and vascular 
protective effects of curcumin in an animal model of 
hemolytic anemia. 

Materials and Methods
Chemicals

Curcumin extracted from turmeric (Curcuma 
longa)was generously supplied by the Government  
Pharmaceutical Organization (Bangkok, Thailand). All 
chemicals used were of analytical grade quality.

Animals and Treatments
Adult male Sprague-Dawley rats weighing about 

200-220 g were obtained from the National Laboratory 
Animal Center, Mahidol University, NakhonPathom, 
Thailand. Rats were housed at the Northeast Laboratory  
Animal Center (KhonKaen University, Thailand)and 
maintained on a 12-h/light/dark cycle in a controlled 
temperature environment (25 ± 2ºC) with free access 
to water and standard rat chow (Chareon Pokapan Co., 
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ให้ดีขึ้นได้อย่างมีนัยส�ำคัญทางสถิติ (p<0.05) การบูรณะ
พลศาสตร์การไหลเวียนเลือดท่ีแปรปรวนการท�ำงานของ
หลอดเลือดที่ผิดปกติ และสภาวะซีดของหนูทดลองที่ได้รับ
สารฟีนิลไฮดราซีนนี้มีความสัมพันธ์กับการลดภาวะเครียด
ออกซเิดชนัโดยพบว่าการสร้างซปุเปอร์ออกไซด์และปฏิกริิยา
ออกซิเดชันของลิพิดและโปรตีนมีค่าลดลง
สรปุ: ข้อมลูจากการศึกษานีช้ีแ้นะประโยชน์ของเคอร์คมิูนใน
การต้านภาวะหลอดเลือดผิดปกติและภาวะเครยีดออกซเิดชนั
ที่พบในสภาวะฮีโมลัยติกอะนีเมีย
ค�ำส�ำคัญ: เคอร์คูมิน ฟีนิลไฮดราซีน ฮีโมลัยติกอะนีเมีย

hemodynamic disturbance, vascular dysfunction and  
anemic state during PHZ exposure were related to a 
reduction of oxidative stress by decreasing superoxide 
production, lipid peroxidation and protein oxidation. 
Conclusion: Data of this study suggestthe beneficial  
effect of curcuminagainst vascular dysfunction and  
oxidative stress in a hemolytic anemic condition.
Keywords: Curcumin, Phenylhydrazine, Hemolytic  
anemia
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Ltd., Thailand). The study protocol was reviewed and 
approved by the Institutional Animal Ethics Committee 
of KhonKaen University (AEKKU 41/2555). 

After an adaptation periods for 7 days, rats were  
randomly assigned to 6 groups(8 animals each) as follows:  
Group I - Normal control + vehicle (propylene glycol, 
PG), Group II - Normal control +curcumin (30 mg/kg),  
Group III - Normal control +curcumin (100 mg/kg), 
Group IV- PHZ control + PG, Group V - PHZ + curcumin 
(30 mg/kg), and Group VI - PHZ + curcumin (100 mg/kg).  
Hemolytic anemia was induced in PHZ-treated groups 
by intraperitoneal injection of PHZ at dose of 15 mg/kg 
for 8 days. Curcumin was intragastrically administered  
throughout the period of PHZ treatment.The doses 
of curcumin were based on our previous study in  
animals-induced endotoxic shock 12.

Vascular function assessment and samples collection
After 8 days, rats were anesthetized with an  

intraperitoneal injection of pentobarbital sodium  
(60 mg/kg). The femoral artery was cannulated with  
polyethylene tubing connected to a pressure transducer 
for continuously monitoring of arterial blood pressure and 
heart rate (HR). Hindlimb blood flow (HBF) was measured  
by placing electromagnetic flow probes around the 
abdominal aorta connected to an electromagnetic flow-
meter. Hindlimb vascular resistance (HVR) was calcu-
lated from the mean arterial pressure (MAP) and mean 
HBF. After HBF measurements, vascular reactivity was 
assessed by infusing vasoactive agents through an ad-
ditional catheter in the femoral vein in a stepwise fashion 
at 5-min intervals. The vasoactive agents tested were 
acetylcholine (ACh; 10 nmol/kg),sodium nitroprusside  
(SNP; 3 nmol/kg), and phenylephrine (Phe; 0.1 nmol/kg).  
Changes in blood pressure were expressed as  
percentage of control values obtained immediately 
before the administration of the test substance. At the 
end of study, rats were sacrificed with an overdose of 
the anesthetic drug. Blood samples were collected from 
the abdominal aorta for determinations of hematocrit, 
plasma malonaldehyde (MDA), plasma protein carbonyl 
and plasma nitric oxide metabolites (NOx). The carotid 
arterieswere rapidly excised from the animals and used 
for analysis of O

2
·- production.

Assessment of oxidative stress markers
Vascular O

2
·- production was performed in carotid 

arteries by using the lucigenin-enhanced chemilumi-
nescence technique as previously reported 12. MDA, a 
marker of lipid peroxidation, was assessed in plasma, 
liver, kidney and heart by measuring thiobarbituric acid 
reactive substances following a previously described 
method 5. Protein oxidation in plasma and tissues (liver, 
kidney and heart) was assessed by the determination of 
carbonyl groups based on thereaction with dinitrophenyl  
hydrazine (DNPH) aspreviously described 12. The 
plasma NOx level, the end product of NO metabolism, 
werequantified by an enzymatic conversion method with 
the Griess reaction as previously described21. 

Statistical Analysis
Data are expressed as mean ± S.E., and n refers 

to the number of animals used. Data comparisons 
were carried out using one-way analysis of variance 
(ANOVA), followed by post-hoc Duncan’s multiple range 
test. Difference with a p-value of less than 0.05 was 
considered as statistical significance.

Results
Effect of PHZ on hematocrit and hemodynamics 

After PHZ injection, the hematocrit levels were 
significantly declined in PHZ-treated rats compared 
to normal controls (p<0.05, Table 1), suggesting that 
hemolytic anemia wassuccessfully induced. Amarked 
decrease in arterial blood pressure and HVR andan  
increase in HBF and HR were observed in the PHZ-treated  
rats (p<0.05, Table 1). Curcumin (30 or 100 mg/kg) 
in dose-dependent manner improved hemodynamic  
status and anemia of PHZ-treated rats by increasing  
blood pressure, HVR and hematocrit levels, but  
decreasing HR and HBF (p<0.05, Table 1). Administration  
of curcumin did not alter hemodynamics and hematocrit 
levels in normal control rats (Table 1). 

Apart from the induction of hemolytic anemia, PHZ 
also caused impairment of vascular responsiveness. 
PHZ significantly blunted the vasodilation to ACh, and 
SNP and vasoconstriction to Phe (p<0.05, Fig. 1). A 
decreasein vascular responsiveness to Phe, ACh, and 
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SNP wasabout 30-40 %compared to those found in 
normal controls (p<0.05, Fig. 1). Interestingly, curcumin, 

especially at dose of 100 mg/kg significantly improved 
vascular reactivity of PHZ-treated rats (p<0.05, Fig.1).

 

Table 1 Effect of curcumin on hematocrit leveland hemodynamic status in all experimental groups.

Parameters
Normal control Normal control + Curcumin

PHZ control
PHZ + Curcumin

vehicle 30 mg/kg 100 mg/kg 30 mg/kg 100 mg/kg
Hematocrit (%) 41.4 ± 1.1 43.6 ± 1.3 44.0 ± 1.8 27.6 ± 2.1* 35.2 ± 0.7*# 34.8 ± 0.7*#

Systolic blood pressure (mmHg) 126.7 ± 2.4 124.2 ± 2.9 125.1 ± 2.0 84.9 ± 7.4* 106.6 ± 4.3*# 119.3 ± 4.6*#

Diastolic blood pressure (mmHg) 82.9 ± 1.9 75.8 ± 1.9 79.2 ± 1.0 51.1 ± 4.0* 65.0 ± 3.9*# 76.6 ± 3.7#†

Mean arterial pressure (mmHg) 101.0 ± 1.9 95.8 ± 1.6 100.1 ± 1.4 68.3 ± 3.0* 81.9 ± 4.6*# 91.2 ± 3.8*#†

Heart rate (beats/min) 396.5 ± 1.1 382.3 ± 9.9 391.1 ± 4.8 436.7 ± 4.4 * 412.8 ± 2.8*# 400.0 ± 6.6#†

Hindlimb blood flow
(ml/min/100 g tissue)

10.6 ± 0.7 9.2 ± 0.5 10.4 ± 0.4 17.1 ± 0.8* 13.9 ± 0.7*# 10.4 ± 0.8#

Hindlimb vascular resistance 
(mmHg/ml/min/100 g tissue)

9.9 ± 0.7 10.4 ± 0.5 9.6 ± 0.3 3.8 ± 0.2 * 5.5 ± 0.2*# 9.2 ± 1.0#†

Data are expressed as mean ± S.E. (n=8/group).Rats received PHZ (15 mg/kg, i.p.) alone or combined with curcumin (30 or 100 mg/
kg, p.o.) for 8 days.*p< 0.05 vs. normal control, #p< 0.05 vs. PHZ control, †p<0.05 vs.PHZ+curcumin 30 mg/kg.Figure 1. 

 

 
Figure 1  Effect of curcumin on mean arterial pressure responses to various vasoactive agents, including 
phenylephrine (Phe; 0.1 mol/kg), acetylcholine (ACh; 10 nmol/kg), and sodium nitroprusside (SNP; 3 
nmol/kg) in all experimental groups. Results are expressed as mean ± S.E., n=8, *p< 0.05 vs.normal 
control;#p<0.05 vs. PHZ control. 
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Figure 1 Effect of curcumin on mean arterial pressure responses to various vasoactive agents, including 
phenylephrine (Phe; 0.1 mmol/kg), acetylcholine (ACh; 10 nmol/kg), and sodium nitroprusside (SNP; 3 nmol/kg) 
in all experimental groups. Results are expressed as mean ± S.E., n=8, *p< 0.05 vs.normal control; #p<0.05 vs. 
PHZ control.

Effects of PHZ on oxidative stress
A marked increase inO

2
·- in vascular tissues and 

plasma NOxwere found in PHZ-treated rats (p<0.05, Fig. 
2A and 2B), suggesting that oxidative and nitrosative  
stresses were present after PHZinjection. PHZ also 
increased oxidative damage by elevating MDA and  

protein carbonyl levels in plasma and tissues (liver, 
kidneys, heart) (p<0.05, Fig. 3 and Fig. 4). Curcumin, 
especially at high dose significantly normalized the 
rate of O

2
·- and NO productions to near basal values 

in PHZ-treated rats(p<0.05,Fig. 2A and 2B). Moreover, 
curcuminalso alleviated oxidative damage by reducing  
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lipid peroxidation and protein oxidation in a dose 
dependent manner (p<0.05, Fig. 3 and Fig. 4).  

Administration of curcuminat tested doses did not  
increase oxidative stress in normal control rats (Fig. 2-4).

Figure 2. 

 

 
Figure 2  Effect of curcumin on superoxide production in carotid arteries (A) and plasma nitric oxide 
metabolites (B) in all experimental groups. Results are expressed as mean ± S.E., n=8, *p< 0.05 vs. normal 
control;#p<0.05 vs. PHZ control, †p<0.05 vs.PHZ+curcumin 30 mg/kg. 
 

(A)

*

*
#

#

Lu
ci

ge
ni

n-
en

ha
nc

ed
 c

he
m

ilu
m

in
es

ce
nc

e
(C

ou
nt

/m
g 

dr
y 

w
t/m

in
)

0

10

20

30

40

50

60

70

Vehicle        30           100      Vehicle          30           100   (mg/kg curcumin)

Control PHZ

*
#

#
† 

Pl
as

m
a 

ni
tr

ic
 o

xi
de

 m
et

ab
ol

ite
s 

( 
M

)

0

5

10

15

20

25

(B)

*
*

#

Vehicle        30           100      Vehicle          30           100   (mg/kg curcumin)

Control PHZ

† 

Figure 2. 

 

 
Figure 2  Effect of curcumin on superoxide production in carotid arteries (A) and plasma nitric oxide 
metabolites (B) in all experimental groups. Results are expressed as mean ± S.E., n=8, *p< 0.05 vs. normal 
control;#p<0.05 vs. PHZ control, †p<0.05 vs.PHZ+curcumin 30 mg/kg. 
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Figure 2 Effect of curcumin on superoxide production in carotid arteries (A) and plasma nitric oxide metabolites 
(B) in all experimental groups. Results are expressed as mean ± S.E., n=8, *p< 0.05 vs. normal control; #p<0.05 
vs. PHZ control, †p<0.05 vs.PHZ+curcumin 30 mg/kg.
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Figure 3 Effect of curcumin on MDA level in plasma (A), liver (B), kidney (C) and heart (D) in all 
experimental groups. Results are expressed as mean ± S.E., n=8, *p< 0.05 vs. normal control;#p<0.05 vs. 
PHZ control, †p<0.05 vs. PHZ+curcumin 30 mg/kg. 
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Figure 3 Effect of curcumin on MDA level in plasma (A), liver (B), kidney (C) and heart (D) in all experimental 
groups. Results are expressed as mean ± S.E., n=8, *p< 0.05 vs. normal control; #p<0.05 vs. PHZ control, †p<0.05 
vs. PHZ+curcumin 30 mg/kg.
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Discussion
The present study demonstrated that intraperitoneal  

injection of PHZ at dose of 15 mg/kg for eight days induced 
severe hemolytic anemia and vascular dysfunction,  
manifested by a reduction of hematocrit, blood pressure,  
vascular responsiveness to vasoactive agents and 
HVR while acceleration of HBF and HR. Interestingly,  
these alterations were associated with increased  
oxidative stress. Concurrent treatment with curcumincould  
alleviate hemolytic anemia and vascular dysfunction, 
as indicated by a restoration of hemodynamic and  
oxidative stress status and partially increase hematocrit.  
Overallfindings support the idea that antioxidants  
prevent free radicals-mediated vascular dysfunction in 
cardiovascular diseases22. 

Previous studyreported that PHZ induced vascular 
smooth muscle relaxation by increasing cGMP production  
through the activation of guanylatecyclase which is  
mediated via the formation of iron-phenyl heme complexes23.  
Therefore, the hypotensive state after PHZ treatment 
might be due to increased formation of iron-phenyl 
heme complex. Many studiesalso suggested that  
inflammatory response caused by free heme and  
hemoglobin released from lyzed erythrocytes, subsequently  
induced oxidative stress andinflammation24, 25. Thus, 
oxidative stress and inflammatory mediators released 
from inflammatory cells are also involved in hemolytic  
anemia induced by PHZ6. In this study, we found 
that O

2
·- and NO were increased in PHZ-treated 

rats.Normally, O
2
·- and NO rapidly interact and form  

peroxynitriteanion (ONOO-), a highly reactive free 
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radical26, thereby, ONOO- and inflammatory cytokines 
released by inflammatory cells might induce vascular 
dysfunction27. It has been suggested that increased O

2
·- 

production may lead to decreased NO bioactivity for the 
vascular endothelial cells28, 29, resulting in impairment  
of vascular reactivity to endothelial-dependent vasodilator,  
ACh. Regarding the vascular response to SNP, there is 
a slightly decrease in vasorelaxation, this isin consistent  
with other study in sickle cell mice30. Interestingly, 
not only vasodilation was impaired, butalso vascular 
response to a vasoconstrictor, Phewas also blunted. 
These findingsaresupported by previous studies,  
which found an impairment of vasoconstrictionin  
hypovolemic and septic shock conditions31, 32.
	 It is suggested that curcumincan increase hemoglobin  
formation, thereby; it may preventerythroid precursor 
apoptosis and red blood cellshemolysis33, 34. Therefore, 
the hemolytic anemia condition of PHZ-treated rats is 
recovered after curcumin administration. 

The present study demonstrated that curcumin 
decreased O

2
·- and NO formation which might be 

associated with down regulation of NAD(P)H oxidase 
and iNOS expressions via inhibition of NF-

k
B activation  

and many inflammatory cytokines35, 36. Therefore, curcumin  
improves vascular function and protects vascular 
injuries from ROS, reactive nitrogen species (RNS) 
and other radicals such as PHZ. Moreover, our study 
revealed that curcuminin a dose-dependent manner 
alleviated lipid peroxidation and protein oxidation.  
A marked increase in oxidative stressis well documented  
to subsequently induce oxidative damage through 
a destruction of lipid, protein and DNA in the organ 
systems of animals and humans37. Previous studies 
demonstrated that curcumincan increase glutathione 
and restore redox status in oxidative damage condition. 
Moreover, curcuminalso increases g-glutamyl cysteine 
ligase, a rate limiting enzyme for GSH synthesis and 
reduces gene of Nrf2-ARE signaling pathway where 
curcumin is served as a strong inducer of transcription 
factor Nrf2 activator 38.

Conclusion
In conclusion, data of this studyprovide the  

beneficial effects of curcumin in a rat model of PHZ-
induced hemolytic anemia and vascular dysfunction. 
The plausible mechanisms involved with these effects 
might be due to the capability of curcumin to scavenge  
peroxyl radicals, prevent hemolysis of RBCs and  
inhibit the generation of free radicals, thereby improved 
vascular function and vascular reactivity and oxidative 
stress. Collectively, curcumin supplementation may be 
useful in hemolytic anemic condition. However, further 
investigation regarding the mechanisms of curcumin in 
maintenance of vascular function is still required.
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