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Abstract 
Objectives: Glioblastoma multiforme is the most aggressive glioma carrying the worst prognosis. β-hydroxypyruvate is a metabolite of 
fructose (a hexose monosaccharide) and a biochemical analog of pyruvate, lactate and the promising anticancer drug 3-bromopyruvate (an 
inhibitor of the glycolysis enzyme Hexokinase II). This study aimed at investigating possible inhibitory biochemical and pharmacological 
effects of β-hydroxypyruvate as a potential anticancer agent. 
Methods: C6 glioblastoma cells were grown on nutrient media in vitro and received different experimental treatments. (The 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide, MTT) viability assay, ATP assay and hydrogen peroxide assay were used 
Results: β-hydroxypyruvate significantly (p<0.001) decreased the energetics and viability of C6 glioblastoma cells. Lactate significantly 
(p<0.001) inhibited β-hydroxypyruvate effects stronger than pyruvate. β-hydroxypyruvate significantly (p<0.001) synergized citrate in 
inducing C6 glioblastoma cell death. β-hydroxypyruvate induced the production of significant quantities of hydrogen peroxide (H2O2) in a 
dose-dependent manner i.e. an oxidative stress effect that was more potent than relatively higher doses of both 3-bromopyruvate and sodium 
fluoride. However, pyruvate (but not lactate) significantly inhibited β-hydroxypyruvate-induced H2O2 generation. Likewise, pyruvate 
scavenged significantly (p<0.001) 3-bromopyruvate-induced H2O2 generation. The amino acid glycine (a structural analog of β-
hydroxypyruvate) did not protect C6 glioma cells against β-hydroxypyruvate-induced cell death suggesting lack of a biochemical or 
pharmacological antagonism between β-hydroxypyruvate and glycine. Finally, pyruvate-induced scavenging of β-hydroxypyruvate-induced 
H2O2 generation takes place in a time-dependent manner. Lactate is devoid of any antioxidant activity.  
Conclusion: β-hydroxypyruvate is an interesting analog of pyruvate, lactate and 3-bromopyruvate with significant promising inhibitory 
biochemical and pharmacological effects and moderate anticancer effects. β-hydroxypyruvate should receive further research studies. 
Keywords: β-hydroxypyruvate, glycolysis inhibitors, C6 glioblastoma multiforme, lactate, pyruvate and 3-bromopyruvate 
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 للحت تاطبثم لباقم تافوریب يسكوردیھ اتیب ءاودل ةیئاودلاو ةیئایمیكویبلا تاریثأتلا
 ةیبیرجت ةسارد :لاكشلأا ددعتم C6 يقبدلا يمورلأا مرولا جلاع يف زوكولجلا

  يدادغب ماسح
 
 )ـھ1445/7/4 يف رشنلل لبقو ؛ـھ1444/12/2 يف رشنلل مدق(

 
 
 :ثحبلا صلختسم
 تافوریب يسكوردیھ-اتیب ءاود و .صیخشت أوسأ لمحی يذلاو ةسارش رثكلأا يقبدلا يمورلأا مرولا وھ )اموتسلابویلاج( لاكشلأا ددعتم يقبدلا يمورلأا مرولا :فادھلأا

hydroxypyruvate-β ناطرسلل داضملا دعاولا راقعلاو تاتكلالاو تافوریبلا نم لكل يویح يئایمیك ھیبش و )ركستلا يداحأ يسادس ركس( زوتكرفلا بلقتسم وھ 
 ةیئاودلاو ةیئایمیكویبلا تاریثأتلا ضعب نم ققحتلا ىلإ ةساردلا هذھ تفدھ دقل و .)Hexokinase II زانیكوسكھ زوكولجلا ةدسكأ میزنلإ طبثم( تافوریبومورب-3
 .ناطرسلل داضم لمتحم لماعك تافوریب يسكوردیھ اتیب ءاودل
 سایق و MTT ایلاخلا ةایح سایق ةقیرط مادختسا مت .ةفلتخم ةیبیرجت تاجلاع تقلتو ربتخملا يف يئاذغ طسو ىلع C6 يقبدلا يمورلأا مرولا ایلاخ عرز مت :ةقیرطلا
 .نیجوردیھلا دیسكوریب ةدام رسكت و نوكت سایق و ATP ایلاخلا يف ةقاطلا ةیمك
 يمورلأا مرولا ایلاخ ةایح و ةیویحلا ةقاطلا يف  (p<0.001) ةیونعم ةیمھأ يذ ضافخنا ىلإ hydroxypyruvate-β تافوریب يسكوردیھ-اتیب ءاود ىدأ :جئاتنلا
 يمورلأا مرولا ایلاخ دض hydroxypyruvate-β تافوریب يسكوردیھ اتیب ءاود تاریثأت نم  (p<0.001) ایونعم تاتكلالا تطبث امك .)اموتسلابویلاج( C6 يقبدلا
β- تافوریب يسكوردیھ-اتیب ءاودل (p<0.001) ةیونعم ةیمھأ تاذ ةرزآتم تاریثأت تارتسلا تثحأ امك .ریبك لكشب تافوریبلا نم ىوقأ تناك و يقبدلا

hydroxypyruvate يقبدلا يمورلأا مرولا ایلاخ لتق يفC6 . تافوریب يسكوردیھ-اتیب ءاود ببست امك hydroxypyruvate-β نم ةریبك تایمك جاتنإ يف 
 نم اًیبسن ىلعلأا تاعرجلا نم ةیلاعف رثكأ ناك يذلا يدسكأتلا داھجلإا ریثأت ثدحی ءاودلا اذھ نأ يأ ، ةعرجلا ىلع دمتعت ةقیرطب )2O2H( نیجوردیھلا دیسكوریب
 لثملابو .تافوریب يسكوردیھ نع مجانلا 2O2H نوكت نم ریبك لكشب )تاتكلالا سیل و( تافوریبلا تطبث دقف ، كلذ عمو .مویدوصلا دیرولفو تافوریبومورب-3 نم لك
-اتیب ءاود بیكرتلا يف ھبشی( نیسیلاج ينیملأا ضمحلا رفوی مل و .bromopyruvate-3 نع ةمجانلا 2O2H ةیمك (p<0.001) ریبك لكشب تافوریبلا تلازأ دقف ،
 hydroxypyruvate-β تافوریب يسكوردیھ ءاودل ضرعتلا نع مجانلا توملا دض C6 يقبدلا مرولا ایلاخل ةیامح يأ )hydroxypyruvate-β تافوریب يسكوردیھ
 دقف ، ارًیخأ و .نیسیلاج ينیملأا ضمحلاو β-hydroxypyruvate تافوریب يسكوردیھ ءاود نیب يئاود وأ يویح يئایمیك داضت وأ سقانت دوجو مدع ىلإ ریشی امم
 ةیلاخ تاتكلالا ةدام نأ انیدل دكأت و .تقولا ىلع دمتعت ةقیرطب تافوریب يسكوردیھ ءاودل ضرعتلا نع ةمجانلا 2O2H نیجوردیھلا دیسكوأریب ةیمك تافوریبلا تلازأ
   .ةدسكلأل داضم طاشن يأ نم
 تاریثأت عم تافوریبومورب-3 ءاود و تاتكلالاو تافوریبلا ضمح نم لكل ماھ يبیكرت ھیبش وھ hydroxypyruvate-β تافوریب يسكوردیھ-اتیب ءاود :ةصلاخلا
 .ةیثحبلا تاساردلا نم اًدیزم ىقلت نأ بجی يتلاو ،مارولأا دض ریبك لكشب ةطسوتم و ةدعاو
 :ةیحاتفملا تاملكلا
 تافوریبومورب-3و تافوریبلا ،تاتكلالا ،C6 لاكشلأا ددعتم يقبدلا يمورلأا مرولا ،زوكولجلا ةدسكأ عناوم ،تافوریب يسكوردیھ اتیب 
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1. Introduction 
 
Glioblastoma multiforme (GBM) is grade IV 
astrocytoma and is the most aggressive 
neurological malignancy having a poor prognosis 
in WHO 2016 classification of brain tumors. GBM 
stands for about 60%-70% of all astrocytomas with 
the worst prognosis. The prognosis of astrocytoma 
is quite variable and multifactorial depending on 
patients’ age, disease stage, and histological type. 
Unfortunately, 5-years overall survival of GBM 
reaches approximately 4.8%-5.4% (Ostrom et al., 
2020; Xie, Yang, Liu, & Zhao, 2018) Xie et al., 
2018). 
Combined with other potent cytotoxic agents e.g., 
histone deacetylase inhibitors, glycolysis inhibitors 
as 2-deoxyglucose and its derivatives were 
reported to synergistically eliminate glioblastoma 
cells. Histone deacetylase inhibitors as sodium 
butyrate and sodium valproate exerted synergistic 
cytotoxic effects against GBM cells (Pająk et al., 
2021). The glycolysis inhibitor 3-bromopyruvate 
alone or combined with other anticancer agents or 
strategies was reported to significantly impair 
glioblastoma cells (and other types of cancer) 
survival, proliferation, metastasis, migration and 
angiogenesis (El Sayed et al., 2012-a; El Sayed et 

al., 2012-b? & El Sayed et al., 2012-c; El Sayed et 
al., 2013. 
; El Sayed et al., 2014) 
β-hydroxypyruvate is a metabolite of fructose (a 
hexose monosaccharide) and a biochemical analog 
of pyruvate, lactate and the promising anticancer 
drug 3-bromopyruvate (an inhibitor of the 
glycolysis enzyme Hexokinase II) (Figure 1). β-
hydroxypyruvate was reported to exert promising 
anticancer effects. β-hydroxypyruvate was at least 
2-fold significantly enhanced in hyperoxia was 
hydroxypyruvate. When cells were treated with 
Roxadustat to induce hypoxia-inducible factor 
stabilization, hydroxypyruvate was metabolized by 
endothelial cells and resulted in a 20-fold increase 
in 3-phosphoglycerate and a 4-fold increase in 
serine. In endothelial cells, hydroxypyruvate but 
not pyruvate increased proline hydroxylation and 
destabilized hypoxia-inducible factor. In choroidal 
explant experiments, hydroxypyruvate had 
angiostatic properties. A special metabolite 
produced by hyperoxia called hydroxypyruvate 
destabilizes HIF by a classical mechanism, at least 
in part (Singh et al., 2018). 
In this study, the biochemical and pharmacological 
effects of β-hydroxypyruvate were investigated on 
the rat C6 glioblastoma cells. 
 

Figure 1. Lactate, hydroxypyruvate and 3-bromopyruvate are structural analogs of pyruvate. 
 

 

Pyruvate 3-Bromopyruvate Lactateβ-Hydroxypyruvate

Figure 1
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2. Methods: 
 
Experimental reagents and chemical agents 
3-bromopyruvate, pyruvic acid (sodium salt), 
sodium fluoride (NaF), β-hydroxypyruvate, 
sodium L-lactate, fetal bovine serum (FBS), 
Dulbecco’s modified Eagle’s medium (DMEM), 
3-(4, 5-dimethylthiazol-2-yl)-2, 5-
diphenylyltetrazolium bromide (MTT) (St. louis, 
MO, USA). Sodium acetate was purchased from 
Katayama Chemical Industries (Osaka, Japan). 
Citrate, H2O2, Dimethyl sulfoxide (DMSO) and 
agar were purchased from Wako (Osaka, Japan). 
DMEM/F12 and penicillin-streptomycin antibiotic 
mixture were from Invitrogen life technologies 
(Carlsbad, CA, USA). EDTA was from Dojindo 
molecular technologies (Kumamoto, Japan). 
Rabbit polyclonal anti-caspase-3 antibody was 
from Santa Cruz biotechnology (CA, USA). 
Cells culture and maintenance 
      As previously reported in the methodology (El 
Sayed et al., 2012a), C6 rat glioma cells (purchased 
from Dainippon Pharmaceutical Co., Osaka, 
Japan) were seeded in plastic dishes DMEM/F12 
with 15% (v/v) horse serum, 2.5% (v/v) FBS, and 
1% penicillin-streptomycin at 37 °C in a 
humidified environment with 5% CO2. The 

antibiotics 1% penicillin-streptomycin and horse 
serum with the nutrient DMEM were used to 
sustain the proliferation of glioblastoma cell line at 
37 °C in a humidified environment with 5% CO2. 
 
MTT viability assay 
As previously reported in the methodology (El 
Sayed et al., 2012a), C6 glioma cells were added to 
the 96-well plates for 24 hours or until cells 
achieved 80% confluency. Then, fresh stimulating 
media (DMEM/F12 with 1% FBS) was used 
containing the added treatment to the stimulating 
media. A 21-hour duration (incubation period) at 
CO2 incubator was permitted. After adding MTT 
reagent (50 µl of 1 mg/ml solution) to all wells 
using a multichannel micropipette, the mixture was 
incubated for an additional 3–4 hours. DMSO 
addition (150 µl/well), centrifugation, and 
supernatant aspiration were carried out. In order to 
ensure the best possible dissolution, plates were 
shaken in a microplate shaker until all of the 
insoluble formazan crystals had been completely 
dissolved. OD was measured for all samples at 550 
nm using Biotek Synergy multimode microplate 
reader. The standard curve was drawn and 
concentration values were assayed. Figure 2 
describes the endogenous metabolic pathway of β-
hydroxypyruvate. 

Figure 2. Fructose catabolism resulted in the formation of hydroxypyuvate via glycolysis and formation of D-glycerate. 
L-glycerate also can form fructose. Lactate dehydrogenase catalyzes many steps in the synthesis and catabolism of 
hydroxypyuvate. 

β-Hydroxypyruvate

Glycoaldehyde

Glycolate

Glyoxylate

Oxalate

LDH

ALDH

Fructose

Ethylene glycolADH

LDHD-Glycerate

LDH

L-GlycerateLDH

metabolism

Figure 2



Journal of the North for Basic and Applied Sciences, Vol. (9), Issue (1),  (May 2024/ Shawwal 1445 H) 
    

 

 33 

Assaying hydrogen peroxide levels 
As previously reported in the methodology (El 
Sayed et al., 2012a), estimation of H2O2was done 
in accordance with the manufacturer's instructions 
using the Amplex® red H2O2 assay kit (Molecular 
Probes, Invitrogen, CA, USA). To test the 
effectiveness of pyruvate and lactate in scavenging 
H2O2. H2O2 was added to cell-free media treated 
with exogenous H2O2 (250 µM). To examine the 
effects of pyruvate and lactate on ROS-steady 
state, an H2O2 assay was also performed after 
serially administering pyruvate and lactate to 
cultivated C6 cells. Using the same equipment, it 
was determined whether pyruvate and lactate had 
any impact on scavenging H2O2 generation. 
 
Assaying ATP levels 
 As previously reported in the methodology (El 
Sayed et al., 2012b), Using an ATP determination 
kit from Molecular Probes (Eugene, OR, USA), the 
energetics of a C6 glioma were assessed 24 hours 
after therapy. 96-well plates containing C6 cells 
were seeded with 10.000 cells per well before 
being incubated for 24 hours. Fresh medium 
(DMEM/F12 with 1% FBS) was used for the 
treatment for 24 hours. After removing the 
medium, the ATP standard reaction solution was 
added and shielded from light. In C6 cells, ATP 
levels were estimated using the luminometer 
function of Biotek Synergy multimode microplate 
reader. The standard curve was drawn and 
concentration values were assayed. 
 

Statistical Evaluation:  
Data collection and analysis was done followed by 
data processing using SPSS software to determine 
the mean and standard error of the mean. The 
outcomes of the experimental groups were 
compared using the paired samples t test. 
Significant statistical indicators, such as *, **, and 
***, indicated p-values less than 0.05, 0.01 and 
0.001 respectively, when compared to the negative 
control. # indicated p< 0.05, ## indicated p< 0.01, 
and ### indicated p< 0.001 for comparing 
significant differences between several groups. 
 
Results: 
All of the above mentioned 2 paragraphs are not 
results, but biochemical facts that could be 
mention in the introduction or discussion.  
 
Lactate, more than pyruvate, significantly 
antagonizes hydroxypyruvate  
Hydroxypyruvate (2 mM) significantly (p<0.001) 
decreased C6 glioma energetics by about 50%. 
Lactate, more than pyruvate, significantly 
protected the energetics of C6 glioblastoma cells 
against hydroxypyruvate-induced decrease in their 
energetics. Pyruvate minimally but significantly 
(p<0.05) decreased hydroxypyruvate-induced 
decrease in C6 energetics. Lactate maximally and 
significantly (p<0.001) decreased 
hydroxypyruvate-induced decrease in C6 glioma 
energetics (Figure 3). 

Figure 3. Hydroxypyruvate decreased C6 glioma energetics. Pyruvate slightly protected against hydroxypyuvate effects 
while lactate strongly protected. 

HPA (2 mM): ▬ + + +
Pyruvate (50 mM): ▬ ▬ + ▬

Lactate (50 mM): ▬ ▬ ▬ +

***

#
###

Figure 3
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Citrate has a synergistic effect with serial doses 
of β-hydroxypyruvate 
Using MTT assay, citrate (3mM) decreased the 
viability of C6 glioblastoma cells by 10%. 
Hydroxypyruvate (0.25 mM) decreased the 
viability of C6 glioblastoma cells by about 20%. 
Adding serial doses of hydroxypyruvate (0.25, 5 

and 1 mM) reduced the viability of C6 
glioblastoma cells by 50%, 55% and 55%, 
respectively. Citrate has a synergistic effect with 
serial doses of hydroxypyruvate till reaching a 
maximal anti-glioma effect (Figure 4). 

Figure 4. Citrate (a glycolysis inhibitor of phosphofructokinase) exerted a significant synergistic effect to 
hydroxypyuvate in glioma cells killing. 

3-bromopyruvate, sodium fluoride and serial 
doses of hydroxypyruvate induce significant 
production of H2O2 in C6 glioma 
Serial doses of hydroxypyruvate caused the 
generation of increasing quantities of hydrogen 
peroxide in a dose-dependent manner. 
Hydroxypyruvate (0.5, 1 and 2 mM) caused the 

generation of about 15000, 25000 and 45000 
relative fluorescence units (RFU) of hydrogen 
peroxide. Relatively high doses of 3-
bromopyruvate (100 µM) and sodium fluoride (15 
mM) produced 5000 RFU and 6000 RFU of H2O2, 
respectively (Figure 5). 

Figure 5. Hydroxypyuvate caused a significant dose-dependent generation of hydrogen peroxide more than that 
induced by the glycolysis inhibitors 3-bromopyruvate (hexokinase inhibitor) and sodium fluoride (enolase inhibitor). 
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Pyruvate, not lactate, significantly scavenged 
H2O2 generated due to 3-bromopyruvate and 
hydroxypyruvate in C6 glioma  
 
Both 3-bromopyruvate and hydroxypyruvate 
caused the generation of H2O2 in C6 glioma cells 
as was previously reported (Figure 5). 100 µM 3- 
bromopyruvate caused the generation of H2O2 

(about 5000 RFU) while 2mM hydroxypyruvate 
caused the generation of H2O2 (about 45000 RFU) 

(Figure 6). Adding lactate (10 mM and 100 mM) 
with both 3-bromopyruvate and β-
hydroxypyruvate did not affect H2O2 scavenging in 
C6 glioma cells. However, adding pyruvate (100 
mM) with both 3-bromopyruvate and 
hydroxypyruvate maximally and significantly 
decreased H2O2 generation in C6 glioma cells i.e. 
a scavenging effect (Figure 6). 
 

Figure 6. Pyruvate significantly and maximally scavenged the hydrogen peroxide generated due to hydroxypyuvate 
and 3-bromopyruvate. Lactate had no scavenging effects. 

Glycine did not protect the viability of C6 
glioma cells treated by hydroxypyruvate 
     Treatment of C6 glioma cells with 1 mM β-
hydroxypyruvate resulted in about 40% decrease in 

C6 glioma viability. Adding serial doses of glycine 
(10, 50 and 100 mM) did not antagonize 
hydroxypyruvate-induced glioma cells death 
(Figure 7). 

 
Figure 7. Glycine (a structural analog of hydroxypyuvate) exerted no protective effects against hydroxypyuvate-induced 
glioma cell death. 
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β-Hydroxypyruvate-induced H2O2 generation 
decreases with time 
A time-dependent decrease in β-hydroxypyruvate-
induced H2O2 production in C6 glioma took place. 
Pyruvate, not lactate, significantly and maximally 
scavenged H2O2 (Figure 8). Lactate exerted no 
H2O2 scavenging effects. 

Hydroxypyruvate-induced timely H2O2 

generation is scavenged by pyruvate 
Pyruvate significantly and maximally scavenged β-
hydroxypyruvate-induced timely H2O2 generation 
(Figure 8). 
 
 
 

Figure 8.  A significant timely decrease in hydrogen peroxide generation occurs due to hydroxypyuvate. That was 
significantly scavenged by pyruvate but not lactate 

Statistical analysis 
Data were collected and analyzed statistically 
using SPSS software (version 20 SPSS Inc., 
Chicago, Illinois, USA). Mean± SD were 
presented. One-way ANOVA analysis of variance 
was done. p value indicates significance 
differences from control group (*p <0.05, ** 
indicates p< 0.01 and *** indicates p< 0.001). #, # 
# and # # # indicate significance differences among 
different treatment conditions within the same 
group (# p <0.05, # # indicates p< 0.01 and # # # 
indicates p< 0.001). 
 
Discussion: 
There is structural similarity arising between 
pyruvate and its analogs 3-bromopyruvate, lactate 
and hydroxypyruvate. Lactate has the same 
structure of pyruvate plus 2 hydrogen atoms, 3-

bromopyruvate is the same structure of pyruvate 
with replacing one hydrogen atom by a bromide 
ion. Hydroxypyruvate is the same structure of 
pyruvate with one hydrogen atom with a hydroxyl 
group (Figure 1). 
 
Metabolic origin and fate of hydroxypyruvate 
Main metabolic pathway of β-hydroxypyruvate 
arises mainly from the catabolism of the sugar 
fructose. Hydroxypyruvate is produced 
endogenously from fructose catabolism through 
glycolysis pathway till reaching 3-
phosphoglycerate. Then, the enzyme lactate 
dehydrogenase (LDH) catalyzes multiple steps in 
the synthesis of hydroxypyruvate from fructose as 
well as from L-glycerate till reaching the final 
catabolite oxalate (Figure 2).  Fructose is a 
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monosaccharide that contains a ketone group 
unlike glucose that contains an aldehyde group. 
Fructose-coated Angstrom silver particles was 
reported to suppress the gastric cancer growth by 
activating gasdermin D-mediated pyroptosis (Li et 
al.). The anti-tumor efficacy of fructose-coated 
Angstrom silver particles (F-AgÅPs) against lung 
and pancreatic cancer was confirmed. Fructose-
coated Angstrom silver inhibited osteosarcoma 
growth and metastasis via promoting ROS-
dependent apoptosis through the alteration of 
glucose metabolism by inhibiting the enzyme 
pyruvate dehydrogenase kinase (Hu et al., 2020). 
Interestingly, hydroxypyruvate can result 
endogenously from metabolism of fructose and d-
glycerate (Figure 2). The close structural similarity 
between hydroxypyruvate and the well-known 
anticancer agent and glycolysis inhibitor (3-
bromopyruvate, a hexokinase II inhibitor) (Figure 
1) may confer anticancer effects to 
hydroxypyruvate. Moreover, our data confirmed 
that hydroxypyruvate exerted moderate anti-
glioma effects in a dose-dependent manner at 
molar concentrations where 1-2 mM can decrease 
the glioma energetics (ATP %) (Figure 3) and kill 
almost 50% of glioblastoma cells (Figure 4). 
Interestingly, hydroxypyruvate-induced hydrogen 
peroxide generation was confirmed in this study 
(Figure 4). It is dose-dependent and much more 
than the quantity of hydrogen peroxide generated 
by the effect of the other glycolytic inhibitors 3-
bromopyruvate (a hexokinase II inhibitor) and 
sodium fluoride (enolase inhibitor) (Figure 5). 
Both of the glycolysis inhibitors 3-bromopyruvate 
and sodium fluoride significantly generated 
hydrogen peroxide (p<0.001) (Figure 5). Hydrogen 
peroxide generation may explain 
hydroxypyruvate-induced glioma cell death. 
Compared to previous studies where 3-
bromopyruvate effectively killed glioma cells at 
micromolar concentrations (El Sayed et al., 2012-
a; El Sayed et al., 2012-b & El Sayed et al., 2012-
c, hydroxypyruvate moderately killed glioma cells 
using more concentrations (in millimolar range). 
This confirms superiority of 3-bromopyruvate over 

hydroxypyruvate as an anticancer agent. 
Metabolism of 3bromopyruvate was strongly 
suggested to be through glutathione conjugation 
(El Sayed et al., 2017). No report is there to 
confirm if a similar biochemical role is occurring 
to hydroxypyruvate. 
   Decreasing cellular energetics in cancer cells 
may reflect decreased viability. Being a structural 
analog to hydroxypyruvate, this study investigated 
a possible antagonistic effect of its two naturally 
occurring structural analogs: pyruvate and lactate. 
This study revealed that lactate was better than 
pyruvate as an inhibitor of hydroxypyruvate effects 
on C6 glioma energetics. At equal molar 
concentrations, lactate rescued C6 glioma cells 
energetics maximally and was stronger than the 
effects of pyruvate. However, this did not go in line 
with the effects of both lactate and pyruvate against 
hydroxypyruvate-induced hydrogen peroxide 
generation (Figure 6) where pyruvate maximally 
inhibited hydroxypyruvate-induced generation of 
hydrogen peroxide while lactate had no effect. This 
gives the impression that hydroxypyruvate kills 
glioma cells partially through an oxidative stress 
mechanism. In other words, although 
hydroxypyruvate resulted in generation of 
enormous oxidative (large quantities of hydrogen 
peroxide) reaching about 45000 RFU, this was not 
translated into a corresponding increase in C6 
glioma cells killing. So, hydroxypyruvate-induced 
glioma cells death is partly not totally due to an 
oxidative stress mechanism.  
 Combining hydroxypyruvate (0.25 mM) with the 
natural glycolysis inhibitor citrate (3 mM) 
produced a dose-dependent synergistic effect in 
decreasing C6 glioma viability till reaching a 
maximal glioma killing effect (Figure 4). 
Interestingly, both hydroxypyruvate and citrate are 
antagonistic regarding the oxidative stress effect. 
Citrate is antioxidant while hydroxypyruvate is a 
pro-oxidant. 
In this study also, adding glycine amino acid did 
not protect the viability of C6 glioma cells against 
hydroxypyruvate effects despite the presence of a 
structural similarity between glycine and 
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hydroxypyruvate (Figure 7). In other words, 
feeding glycine or glycine-rich proteins to glioma 
patients may not inhibit hydroxypyruvate-induced 
glioma cells killing. 
Finally, generation of hydrogen peroxide due to 
treatment of C6 glioma cells with hydroxypyruvate 
decreased in a significant timely fashion. It started 
high then declined. Pyruvate-induced scavenging 
of hydrogen peroxide was evident while lactate did 
no scavenging effects (Figure 8). This data 
confirmed the antioxidant cytoprotective effects 
conferred by pyruvate that are lacking in lactate. 
 
Conclusion 
This study concluded that β-hydroxypyruvate, an 
analog of the glycolysis inhibitor 3-bromopyruvate 
induces the generation of large quantities of 
hydrogen peroxide, which can not by itself explain 
its moderate antiglioma effects. Despite lacking an 
antioxidant effect, lactate is a potent inhibitor of β-
hydroxypyruvate-induced glioma cell killing. The 
opposite is true for pyruvate that exhibits minimal 
inhibition of β-hydroxypyruvate despite being a 
potent antioxidant. Glycine amino acid exerts no 
protective effects against β-hydroxypyruvate-
induced glioma cell death. 
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