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 ABSTRACT

OBJECTIVE  Blood plasma, a complex biological mixture, plays a part in 
a variety of roles including clotting, defense, and transport, and reflects 
the overall status of blood components. Drug-induced thrombocytopenia 
(DIT) is characterized by abnormally low platelet count (below ~150,000 
per μL) which can be caused by adverse effects of medications. This study 
aims to address a basic question, can plasma be employed as a sampling 
model to assess the oxidative stress (OS) changes and antioxidant status 
during DIT? The objective was to analyze the antioxidant status and OS in 
plasma during DIT, and to determine the effects of antioxidant supplemen-
tation such as Caripill™, L-Carnitine (LC), and vanillic acid (VA) during DIT.

METHODS  Male Wistar rats were used as animal models and grouped 
into control groups (n=5) and thrombocytopenia groups (n=5).  Antioxidants 
were given to the thrombocytopenic and the control rats (50 mg/kg body 
weight) once a day for 7 days.  Blood plasma from both groups was evalu-
ated for total antioxidant capacity, antioxidant enzymes, markers of lipid 
peroxidation, protein oxidation, and OS.

RESULTS The antioxidants significantly increased the total antioxidant 
capacity (CUPRAC) and ferric-reducing antioxidant power (FRAP) of the 
plasma and decreased the levels of conjugate dienes. Caripill™ also reduced 
lipid peroxidation, significantly elevated protein sulfhydryl and nitrite/
nitrate levels, LC elevated lactate dehydrogenase levels, and VA increased 
superoxide dismutase activity and attenuated lipid peroxidation during DIT. 

CONCLUSIONS The antioxidants Caripill™, vanillic acid, and L-carnitine 
were demonstrated to be beneficial during DIT and to have prospects in 
alternate therapeutics. This study confirms that plasma can be utilized as 
a sampling model to study changes during OS situations.  
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INTRODUCTION
Oxidative stress (OS) during thrombocytopenia  

is one of the most important factors that can affect  
platelet count. Plasma is representative of the 
entire OS microenvironment of the whole blood.  

Proteins are the most abundant substances in  
plasma and play a part in a variety of roles  
including clotting, defense, and transport (1, 2). 
An imbalance of reactive species and endogenous 
antioxidants in the plasma causes damage to  
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biological molecules during disease conditions (3, 
4). However, endogenous antioxidants can neu-
tralize free radical intermediates and inhibit their  
oxidation to a certain extent (5).  Antioxidant supple- 
mentation has gained acceptance as an alternative 
to complement the current therapies. Alternative 
therapeutics can be an effective tool for treating 
secondary complications and can be integrated 
with conventional medicine. 

Drug-induced thrombocytopenia (DIT) is a 
condition induced by therapeutic antibiotics, car- 
diovascular drugs, and anti-cancer agents (6, 7). 
These agents can affect the platelet count by their 
cytotoxic effects on bone marrow megakaryo-
cytes, thereby reducing platelet synthesis, or by 
accelerating the clearance of circulating platelets 
(8).  Some of the important drugs involved in in-
ducing thrombocytopenia are balhimycin, vanco-
mycin, sulfonamides, trifluoperazine, carmustin, 
phenacetin, cisplatin, penicillin, methotrexate, 
lovastatin, cyclophosphamide, quinine, quinidine, 
methicillin, and hydroxyurea (9). 

Herbal supplements have proven to be benefi- 
cial in treating thrombocytopenic conditions. For 
example, Carica papaya leaf extract contains flavo- 
noids and polyphenols and is an active pharma-
ceutical ingredient of Caripill™ tablets (10).  It aids 
the increase in platelet count in dengue infection 
and other thrombocytopenic conditions (11, 12). 
Vanillic acid (VA), a naturally occurring phenolic 
compound found in many edible plants and fruits 
possesses free radical scavenging, anticancer, 
antimutagenic, and antiangiogenic effects with 
multiple pharmacologic functions such as anti- 
microbial, anti-filarial, anti-inflammatory, and 
antioxidant activities. It can directly scavenge 
hydroxyl radicals and other cellular oxygen species  
due to the presence of the carboxyl group (13).  
It has proven to be beneficial in ameliorating 
oxidative stress by reducing lipid peroxidation 
products and significantly restoring enzymatic 
and non-enzymatic antioxidant systems (14, 15). 
L-carnitine (LC) is a non-protein amino acid and a 
free radical scavenger. The carbonyl group stabi-
lizes free radicals on α-carbon. It prevents oxida-
tive damage to antioxidant enzymes by chelating 
metal ferrous ions, thereby interfering with reac-
tive species formation (16).  The effect of LC during  
oxidative stress has been well demonstrated in 
different biological systems (17, 18). 

This study aims to address a basic question:  
can plasma be employed as a sampling model to 
assess the OS changes and antioxidant status? 
This study was designed to (i) analyze the antioxi- 
dant status in plasma under thrombocytopenic 
conditions, (ii) determine the status of protein 
oxidation and lipid peroxidation in plasma under 
thrombocytopenic conditions, and (iii) assess the 
effects of antioxidants such as Caripill™, L-carni- 
tine and vanillic acid as supplements during 
thrombocytopenia. The structures and composi-
tion of the studied antioxidants are listed in Table 1.

METHODS
Chemicals

Caripill™ (Carica papaya leaf extract tablets, 
Micro Lab Limited, Bangalore, India) and hydroxy-
urea (Hydrea, Sarabhai Chemicals, Gujarat, India) 
were purchased from a local pharmacy. 5,5’-Dith-
iobis-(2-nitrobenzoic acid) (DTNB), thiobarbi-
turic acid (TBA), dinitrophenyl hydrazine (DNPH), 
epinephrine, bathocuproinedisulfonic acid dis-
odium salt (BCS) and Griess reagent were pur-
chased from Sigma-Aldrich (St. Louis, MO, USA); 
2,4,6-Tripyridyl-s-triazine (TPTZ), L-carnitine (LC) 
and vanillic acid (VA) were purchased from HiMe-
dia Laboratories (Maharashtra, India). All other 

Table 1. Antioxidants supplemented during drug-induced 
thrombocytopenia

Antioxidant Composition/structure

Caripill™ (10)

Flavonoids
Phenolic compounds

Papain
Chymopapain

Cystatin
Tocopherol

Ascorbic acid
Cyanogenic-glucosides

Glucosinolates
Cardiac glycosides

Anthraquinones
Carpaine

Pseudocarpaine

Vanillic acid (13)

L-carnitine (16)
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chemicals were reagent grade and organic sol-
vents were spectral grade.

Instruments
All absorbance measurements were carried 

out using a PC-based Double Beam Spectropho-
tometer 2202 (Systronics, Gujarat, India) with 10 
mm quartz cuvettes. All 96-well microplates were 
read using a LISA Plus microplate ELISA reader 
(Aspen Diagnostics, Delhi, India). A refrigerated 
centrifuge (REMI, Mumbai, India) was used for 
centrifugation. 

Animal care 
Wistar rats were used in this study due to the 

similarity in their physiology with that of humans 
and to avoid baseline variations as the rats are 
bred under controlled conditions. Ethics approval 
for animal studies was obtained from the Institu-
tional Animal Ethics Committee, Nargund College 
of Pharmacy, Bangalore, India (Ethics approval 
number: IAEC/NCP/93/2015). 

Four-month-old male Wistar rats (~200-240 g)  
were acclimatized for a week in animal house con-
ditions prior to the study. The rats were housed 
in cages (five in each cage) at 28 ± 1 °C with a 12/12 
h light and dark cycle. They were fed lab chow 
and tap water ad libitum. 

Experimental design
Hydroxyurea was orally administered to each 

rat at 400 mg/kg body weight (thrombocytopenia 
group) once daily for 10 days (11).  The antioxidants 
(50 mg/kg body weight) were orally administered 
to the respective groups once daily for 7 days.

The animals were divided into the following 
groups (n=5): group i – controls; group II - con-
trol + L–carnitine (C+LC); Group III - Control + 
Caripill™ (C+CP); group IV - control + vanillic acid  
(C+VA); group V - thrombocytopenia (Thr); group 
VI - thrombocytopenia + L–carnitine (Thr+LC); group 
VII - thrombocytopenia + Caripill™ (Thr+CP); 
and group VIII - thrombocytopenia + vanillic acid 
(Thr+VA).

Sampling of blood
The Wistar rats were anesthetized with ether 

and then restrained in dorsal recumbency.  A  
syringe needle was inserted into the heart, slightly 
below the xiphoid cartilage and to the left of the 

midline. Blood was drawn into collection tubes 
containing citrate phosphate dextrose adenine-1 
(CPDA-1) as an anti-coagulant (19).

Isolation of plasma
Whole blood was centrifuged at room tempera- 

ture (RT) for 20 min at 2,000 rpm to separate the 
platelet-rich plasma (PRP). The PRP was then 
centrifuged at 4,000 rpm at 22 °C for 15 min. 
The resulting supernatant containing platelet- 
poor-plasma was stored for further analysis at 
-20 °C (20).

Superoxide dismutase (SOD)
SOD activity in the plasma samples was ana-

lyzed according to the method of Misra and Fri-
dovich, 1972 (21).  Plasma samples were added to 
carbonate buffer (0.05 M, pH 10.2, containing 0.1 
mM EDTA). Epinephrine was added to this mix-
ture and absorbance was measured immediately 
at 480 nm. SOD activity was determined as the 
amount of enzyme that can inhibit the oxidation 
of epinephrine by half, which is equal to 1 unit.

Catalase (CAT)
Catalase activity was measured according to 

Aebi, 1984 (22).  Absolute ethanol (10 μL) was added  
to the plasma samples then the mixture was in-
cubated on ice for 30 min.  To this, H2O2 (66 mM) 
in phosphate buffer (0.1 M) was then added and 
the absorbance was measured immediately at 
240 nm. Catalase activity was measured using the 
molar extinction coefficient 43.6 Mcm-1.

Cupric-ion reducing antioxidant capacity (CU-
PRAC)

The plasma samples were treated with 0.25 
mM BCS (dissolved in 10 mM phosphate buffer 
solutions) and the absorbance was spectropho-
tometrically measured at 490 nm. 0.5 mM CuSO4 

was added to the samples and the mixture was 
incubated at room temperature for 3 min.  The 
reaction was terminated by adding EDTA (0.01 M). 
Absorbance was measured at 490 nm using uric 
acid in 1 M NaOH as the standard (23).

Thiobarbituric acid reactive substances (TBARS) 
assay

TBARS level in plasma was measured according  
to the method of Olas et al., 2006 (24). Plasma 
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samples were cooled on ice for 10 min and then 
20% (v/v) cold trichloro acetic acid (TCA) in 0.6 M 
HCl was added. The mixture was centrifuged for 
15 min, then 0.12 M thiobarbituric acid (TBA) was 
added to the supernatant.  This was boiled for 20 
min, after which absorbance was recorded at 532 
nm using a microplate reader.

Conjugate dienes (CD)
Plasma was treated with diethyl ether/ethanol 

mixture (1:3 (v/v)) and the mixture was vortexed. 
It was centrifuged at 4,000 rpm. The absorbance 
of the supernatant was read at 235 nm (25).

Protein carbonyls (PrC)
PrC in plasma were analyzed according to 

Reznick & Packer, 1994 (26). Plasma samples were 
incubated with 10 mM dinitrophenyl hydrazine 
(DNPH) in the dark for 1 h at room temperature. 
TCA (20%) was added to the samples which were 
then incubated on ice for 10 min. The mixture 
was centrifuged at 3,000 rpm. The pellets were 
washed with ethanol (ethyl acetate) [1:1 (v/v)] until 
the color disappeared. The final precipitate was 
dissolved in 6 M guanidine HCl. Absorbance was 
measured at 370 nm. Protein carbonyl content 
was calculated using the absorption coefficient 
22,000 M-1cm-1.

Protein sulfhydryls (SH)
Plasma samples were mixed with 0.08 mol/L 

sodium phosphate buffer (pH 8.0, with 0.5 mg/
mL Na2-EDTA and 2% sodium dodecyl sulfate) 
and the mixture was vortexed. DTNB was added 
to the mixture which was incubated for 15 min at 
room temperature. Absorbance was measured at 
400 nm. SH in the plasma samples was calculated 
using a molar absorptivity of 13,600 M-1cm-1 (27). 

Ferric reducing ability of plasma (FRAP)
FRAP assay was performed using the method 

of Benzie and Strain, 1996 (28). Plasma samples 
were added to a freshly prepared FRAP reagent 
(300 mM acetate buffer [pH 3.6], 10 mM tripyrid-
yltriazine, and 20 mM FeCl3). The reaction mix-
ture was incubated for 5 min at 37 ºC and absorb-
ance was read at 593 nm. FRAP was determined 
using the extinction coefficient 21,250 mM-1 cm-1.

Nitrites and nitrates
Plasma samples were mixed with Griess rea-

gent (100 μL) and incubated for 30 minutes in the 
dark at room temperature. Absorbance was read 
at 520 nm. The amount of nitrites present in the 
plasma sample was determined using sodium ni-
trite as the standard (29).

Nitrate levels were determined following Y/
egin et al., 2015. Plasma samples were treated 
with CuSO4 (50 µg/mL), (NH2)2SO4 (1 mg/mL), 
NaOH (8 mg/mL), and Griess reagent. This mix-
ture was vigorously shaken and the absorbance 
was measured at 520 nm (30).  The results are  
expressed as a (nitrites)/(nitrates) ratio.

Lactate dehydrogenase (LDH)
Plasma samples were treated with a mixture of 

reagent 1 (containing 80 mM Tris, 200 mM NaOH, 
and 1.6 mM pyruvate) and reagent 2 (0.2 mM  
nicotinamide adenine dinucleotide).  This mixture 
was incubated at 37 °C for 5 min.  The decrease  
in absorbance was measured at 340 nm for 3  
minutes (31).

Protein estimation
The protein content in the plasma samples 

was estimated according to Lowry et al., 1951 (32). 
The diluted plasma sample (20X) was mixed with 
alkaline copper sulfate (50:1 mixtures of A: 2% 
Na2CO3 in 0.1 N NaOH and B: 0.5% CuSO4 in 0.1 
N sodium potassium tartrate).  The mixture was 
incubated for 15 min at room temperature.  Folin’s 
reagent was added and the mixture was incubated 
for 30 min at room temperature. The optical den-
sity was measured colorimetrically at 660 nm.

Statistical analyses
Results are expressed as mean ± SEM (n=5). 

One-way ANOVA analysis between the groups for 
all the parameters was performed based on the 
Bonferroni post-hoc test using GraphPad Prism 6 
software and p < 0.05 was considered statistically 
significant. 

RESULTS
Platelet counts were 8.88 ± 0.24 lakhs/mm3 

(control group) and 1.86 ± 0.3 lakhs/mm3 (Thr 
group).  Platelet count increased by 5-fold in the 
Thr+CP and Thr+VA groups, and 3-fold in the 
Thr+LC group compared to the Thr group.
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Superoxide dismutase (SOD) 
SOD levels in plasma were maintained across 

all control groups. The Thr+VA group showed a 
significant increment of 143% compared to the 
C+VA group (p < 0.05). SOD increased 92% and 
134% in the Thr+VA group with controls and the 
Thr group, respectively (Figure 1A). The control 
group was set as 100%.

Catalase (CAT) 
Variations in CAT were similar in the control 

and experimental groups (Figure 1B).

Cupric ion reducing antioxidant capacity (CU-
PRAC) 

The changes observed in CUPRAC were similar 
in the control and experimental groups (Figure 2A).

Ferric reducing ability of plasma (FRAP) 
Changes in FRAP were statistically significant 

between the groups. FRAP increased significantly 
by 74% in C+CP and 81% in C+VA groups against 
controls (p < 0.05). FRAP increased significantly 
by 60-80% in the Thr+LC, Thr+CP, and Thr+VA 
groups compared to controls (p < 0.05). There 
were increments of 20% and 50% in the C+LC and 
Thr groups with respect to controls, respectively 
(Figure 2B). 

Lipid peroxidation (LPO) products
Variations in TBARS levels were observed among 

the groups, but were similar (Figure 3A). Changes  

between the groups in conjugated dienes were 
statistically significant. There was a significant 
decrement of approximately 30% in all experi-
mental groups with respect to the controls (p < 
0.05) (Figure 3B). 

Protein oxidation products
Protein carbonyls (PrC) showed statistically  

significant changes in the different control groups.  
All the control groups supplemented with antioxi- 
dants (C+LC, C+CP, and C+VA) showed a significant  
reduction of ~40% compared to controls (p < 0.05). 
PrC also increased in the Thr+VA group by 210% 
with respect to the C+VA group (Figure 4A).  Pro-
tein sulfhydryl (SH) was significantly higher (70%) 
in the Thr+CP group with respect to the controls 
(p < 0.05). There were increments of 35%, 45%, 
and 60% in the Thr, Thr+LC and Thr+VA groups, 
respectively, compared to controls. SH levels 
were also higher by 20%, 40%, and 65% in C+LC, 
C+CP and C+VA groups, respectively, compared 
to controls (Figure 4B).

Nitrite/nitrate ratio
The control group was set as 100%. The nitrite/ 

nitrate levels were similar in plasma; however, 
there was a statistically significant increase in 
the Thr+CP group (140%) compared to controls. 
A 70% increment was observed in the Thr+CP 
group with respect to the Thr group, and the ratio 
increased by 80% in the Thr+CP compared to the 
C+CP group (Figure 5).

Figure 1.  Superoxide dismutase (A) and catalase (B) in plasma of rats with induced thrombocytopenia 
C+LC- Control + L-carnitine; C+CP- Control + Caripill™ ; C+VA- Control + vanillic acid; Thr- thrombocytopenia; Thr+LC- 
thrombocytopenia + L-carnitine; Thr+CP-thrombocytopenia + Caripill™ ; Thr+VA- thrombocytopenia + vanillic acid 
‘*’ represents groups with statistically significant differences (p < 0.05) compared to the controls.
‘#’ represents groups with statistically significant differences (p < 0.05) compared to the thrombocytopenia. 
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Figure 3.  TBARS (A) and Conjugated Dienes (B) in plasma of rats with induced thrombocytopenia
C+LC- Control + L-carnitine; C+CP- Control + Caripill™ ; C+VA- Control + vanillic acid; Thr- Thrombocytopenia; 
Thr+LC- Thrombocytopenia + L-carnitine; Thr+CP-Thrombocytopenia + Caripill™; Thr+VA- Thrombocytopenia + vanillic acid
‘*’ represents groups with statistically significant differences (p < 0.05) compared to the controls

Figure 2.  Cupric ion reducing antioxidant capacity (CUPRAC) (A) and ferric reducing ability of plasma (FRAP) (B) in plasma 
of rats with induced thrombocytopenia
C+LC- Control + L-carnitine; C+CP- Control + Caripill™ ; C+VA- Control + vanillic acid; Thr- thrombocytopenia; 
Thr+LC- thrombocytopenia + L-carnitine; Thr+CP- thrombocytopenia + Caripill™; Thr+VA- thrombocytopenia + vanillic acid
‘*’ represents groups with statistically significant differences (p < 0.05) compared to the controls.

Figure 4.  Protein carbonyls (PrC) (A) and protein sulfhydryl (P-SH) (B) in plasma of rats with induced thrombocytopenia
C+LC- Control + L-carnitine; C+CP- Control + Caripill™ ; C+VA- Control + vanillic acid; Thr- Thrombocytopenia; 
Thr+LC- Thrombocytopenia + L-carnitine; Thr+CP-Thrombocytopenia + Caripill™; Thr+VA- Thrombocytopenia + vanillic acid
‘*’ represents groups with statistically significant differences (p < 0.05) compared to the controls. 
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Lactate dehydrogenase (LDH) 
The control group was set as 100% and the 

changes in LDH in the other groups were sta-
tistically significant. Groups supplemented with 
L-carnitine (C+LC) and Caripill™ (C+CP) antioxi- 
dants increased the LDH level significantly by 
190% and 150%, respectively,  compared to controls 
(p < 0.05). LDH level also significantly increased 
by 240% in the Thr+LC group compared to the 
controls (p < 0.05). There were increments of 
140%, 200%, and 150% in the C+VA, Thr+CP and 
Thr+VA groups compared to controls, respectively 
(Figure 6).

DISCUSSION
Endogenous antioxidant machinery, comprised 

mainly of superoxide dismutase (SOD), catalase 
(CAT), and glutathione peroxidase (GPx), forms 
the first line of defense against reactive oxygen 
species (ROS) (33). SOD is an enzyme that acts 
on superoxides and converts them into less toxic 
H2O2. SOD levels were elevated in Thr+VA, indi-
cating that VA supplementation in thrombocyto-
penic rats activated SOD and thereby scavenged 
superoxides (34). Catalase terminates the reac-
tion started by SOD by degrading H2O2 to H2O 
and O2. H2O2 can also be scavenged by GPx. GPx 
and CAT have the same action upon H2O2, but 

GPx is more efficient during periods of low ROS 
levels, whereas CAT acts more effectively during 
high H2O2 concentrations. Similar variations in 
CAT during thrombocytopenia indicate that GPx 
can act on lower levels of H2O2 as GPx is the first 
line of defense against H2O2 (35, 36).

The antioxidant potential of the plasma was 
assessed based on CUPRAC and FRAP assays.  
CUPRAC assay provides the concentration of non- 
enzymatic antioxidants in the plasma sample. 
Similar levels indicated that endogenous non- 
enzymatic antioxidant defenses had maintained 
antioxidant potential in the plasma (37).  The molar 
concentration of antioxidants present in plasma 
denoted by FRAP signifies that both the antioxi- 
dants and endogenous antioxidant systems acted  
to provide better protection against oxidative 
stress (38).  Elevated FRAP in C+CP, C+VA, Thr+LC, 
Thr+CP and Thr+VA suggest that all three anti-
oxidants (LC, Caripill™, and VA) show multiple 
mechanisms of scavenging free radicals, chelation 
of metal ions, and inhibition of free radicals and 
lipid hydroperoxides formation (39).  Nonetheless, 
VA was the most effective antioxidant for improving 
the overall antioxidant capacity in plasma during 
thrombocytopenia. It has a carboxyl group that 
can transfer electrons or donate protons, and  
can therefore directly scavenge hydroxyl radicals 
and other cellular oxygen species (13).  LC chelates 
metal ferrous ions and inhibits ROS formation. Its 

Figure 5.  Nitrites/nitrates ratio in plasma of rats with in-
duced thrombocytopenia
C+LC- Control + L-carnitine; C+CP- Control + Caripill™; 
C+VA- Control + vanillic acid; Thr- Thrombocytopenia; 
Thr+LC- Thrombocytopenia + L-carnitine; Thr+CP- 
Thrombocytopenia + Caripill™ ; Thr+VA- Thrombocyto-
penia + vanillic acid
‘*’ represents groups with significant differences (p < 0.05) 
compared to the controls.
‘#’ represents groups with statistically significant differ-
ences (p < 0.05) compared to the thrombocytopenia.

Figure 6.  Lactate dehydrogenase (LDH) in plasma of rats 
with induced thrombocytopenia 
C+LC- Control + L-carnitine; C+CP- Control + Caripill™; 
C+VA- Control + vanillic acid; Thr- thrombocytopenia; 
Thr+LC- thrombocytopenia + L-carnitine; Thr+CP- 
thrombocytopenia + Caripill™ ; Thr+VA- thrombocytopenia 
+ vanillic acid
‘*’ represents groups with statistically significant differences 
(p < 0.05) compared to the controls
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carbonyl group stabilizes free radicals on α-carbon 
and protects cells against oxidative damage from 
ROS and RNS (16).

Oxidative stress in a biological system can be 
measured by assessing products of lipid peroxida-
tion such as TBARS and conjugated dienes, and 
protein oxidation products such as sulfhydryls 
and carbonyls (4).  Lipid peroxidation levels can be  
used to assess the damage caused to cell mem-
branes such as membrane fluidity alteration,  
permeability, and integrity (40). Lipids upon oxida-
tion give rise to products such as conjugate dienes 
and TBARS.  CD is used as a marker for the identi-
fication of non-specific lipid peroxidation caused 
by free radicals. TBARS measure malondialdehyde 
(MDA) present in the plasma, one of the low mole- 
cular weight end products generated due to the 
decomposition of some primary and secondary  
lipid peroxidation products (41).  Conjugated dienes 
levels were decreased in the experimental groups 
compared to the controls.  Changes in TBARS levels 
were similar in all the experimental groups. This 
indicates that lipid peroxidation was negligible 
due to the free radical scavenging activity of anti-
oxidants and the antioxidant capacity of the plasma.  
This was also corroborated in our results by  
CUPRAC levels. Caripill™ was the most effective 
in protecting the plasma from lipid peroxidation 
in both the C+CP and Thr+CP groups.  This can be 
attributed to the antioxidant activity of the flavo- 
noids and other phenolic compounds present in 
its active pharmaceutical ingredient, C. papaya 
leaf extract (10).

Carbonyl groups can be formed by different 
mechanisms, one of them being the oxidative 
cleavage of protein backbone, particularly at glu-
tamyl side chains, and also oxidative deamination 
of lysine.  The attack of hydroxyl radicals on pro-
line, arginine, lysine and threonine side chains 
also leads to the formation of carbonyl groups (42). 
The generation of carbonyls in all control groups 
supplemented with antioxidants decreased, sug-
gesting that antioxidants help protect protein 
from oxidation whereas similar protein carbonyl 
levels were maintained in the Thr groups during 
the disease condition, indicating that antioxidant 
supplementation can protect plasma against pro-
tein carbonyl formation. Protein sulfhydryl levels 
contribute significantly to the antioxidant status 
of plasma (43).  Sulfhydryl (SH) becomes oxidized 

to disulfide, which can be reversed by the action 
of ROS. ROS are mainly present in the cysteine 
components of proteins during low glutathione 
concentrations (44). SH increased in thrombo-
cytopenic rats treated with Caripill™ compared 
to controls, indicating reduced oxidative stress. 
Caripill™ protected the SH from oxidation more 
effectively than both LC and VA, suggesting that CP 
is the most potent in maintaining SH in a reduced 
state. 

The direct measure of reactive nitrogen species 
such as nitric oxide radicals is tedious due to their 
radical nature and short half-life. These radicals 
are generated in plasma by specific nitric oxide 
synthases (NOSs). For that reason, measurement 
of the stable end products of NO radicals, such as 
nitrite, and nitrate, in plasma is most often used 
for estimating NO radicals (45). One of the main 
factors interfering with NO is superoxide anions, 
which favor the generation of peroxynitrite anions. 
NO and its metabolites stimulate and inhibit lipid  
peroxidation reactions (46).  An increase in the  
nitrite/nitrate ratio of Thr+CP showed that more 
RNS were generated in this group. Lactate dehy-
drogenase is considered one of the indicators of 
tissue/cell damage (47). Similar changes in the 
Thr+VA and C+VA groups suggest that VA supple-
mentation is most efficient in maintaining LDH 
levels in thrombocytopenic conditions similar to 
the controls.

CONCLUSIONS
Plasma has been demonstrated to be an ideal  

sample as plasma is of biological origin, it is more 
appropriate to use sample instead of material for 
studying oxidative stress during DIT as it repre-
sents all the changes occurring in the blood 
during DIT. This study confirms that Caripill™ is 
effective in improving overall antioxidant status  
(FRAP) in plasma, reducing lipid peroxidation, 
and increasing the protein sulfhydryls in throm-
bocytopenia groups. VA upregulated SOD and 
attenuated lipid peroxidation more effectively 
in thrombocytopenia groups compared to non- 
thrombocytopenic controls. Nonetheless, all the 
antioxidants enhanced the antioxidant status of 
plasma in both control and thrombocytopenic  
conditions as seen in the CUPRAC and FRAP results.  
The antioxidants Caripill™, VA, and LC have been 
shown to be beneficial during DIT.  Antioxidant 
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supplementation can be beneficial in thrombocy-
topenic conditions which opens new avenues for 
employing antioxidants in alternate therapeutics. 
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