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Abstract
Introduction: A major problem in the accurate measurement ofagleds its decrease in
concentration due to erythrocytic glycolysis afsampling. Eliminating this proble
requires the use of an anti-glycolytic agent thet be added to the sampling tubes| to
stabilize the glucose level before analysis.

Aim: This research was aimed at determining the lagp@ei fluoride oxalate in plasm
glucose stabilization at Ahmadu Bello University athing Hospital Shika —Zarig.
Methods: Five milliliters of venous blood sample was colegttfrom 40 subjects (2
diabetic and 20 apparently healthy) each patiedtlaBml| each was dispensed into fqur
separate fluoride-oxalate (20mg/ml) tubes and veemtrifuged at 0, 30, 60, and 120

minutes time to obtain plasma respectively. Thegée concentrations of the separated
samples was analysed by glucose oxidase method.

Results: The mean glucose concentrations at 0, 30, 60 2Adrinutes were 9.92+0.8
9.64+0.83, 9.48+0.83, 9.47+0.82 and 5.38+0.33, )1, 4.95+0.32 and 4.95+0.32 for

diabetic and normal samples respectively. No sicanit decrease (p>0.05) were obseryed
in the mean plasma glucose concentrations betwaeiples separated at 60 minutes
compared to 120 minutes in both group of subjects.

Conclusion: This shows that the fluoride-oxalate solution adtncompletely inhibit th
loss of plasma glucose 60 minutes after mixingithwhe blood. This was observed |n
both the normal and diabetic samples. This shoWwata lag period of about 1 hour (fro
0 to 60 minutes period ) is required by fluoridealate solution to completely stabilize
plasma glucose. When fluoride-oxalate solution sedufor plasma glucose assay,
blood sample should be separated immediately teeptea significant loss of the plasma
glucose due to its long lag period.
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Introduction hydroxyl groups are writtenin the right side
Glucose a very important carbohydrate inof the structures (Nelson and Cox, 2005).
biology is a monosaccharide or simple sugaGlucose enters the bloodstream after
also known as grape sugar, blood sugar absorption and is carried to the brain and
corn sugar. Its molecular formula ismuscles for energy (ATP) generation.
CsH1206. It is most often produced by the Excess glucose is stored in the liver (as
hydrolysis of natural glycosides. Glucose isglycogen) and fat cells. Starch and glycogen
a normal constituent of the blood of animalsare storage polymers of glucose in humans.
and humans (Redmond, 2007). Most of th&hey are also the major sources of energy in
glucose molecules found in the human bodyhe diet. Glucose is formed by the hydrolysis
are of the D-configuration in which their of many carbohydrates (Nelson and Cox,
2005).
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Glucose is rapidly metabolized to produceglycolysis decreases serum glucose by
ATP (Adenosine triphosphate), a highapproximately 5 to 7% per hour (5 to
energy end product. Glucose is oxidizedlOmg/gl)in normal uncentrifuged coagulated
through a large series of reactions thablood at room temperature. This causes an
extract the greatest amount of possiblenaccuracy in plasma glucose measurement
energy of from it. If glucose metabolismin a blood sample collected in to a
occurs in the presence of coagulated or an anticoagulated bottle that
oxygen(aerobically), the net production aredoes not contain an inhibitor of glycolysis
36 molecules of ATP from one molecule of(Sacks, 2001).

glucose and 2 molecules of ATP, if glucoseGlycolysis can be prevented with an enzyme
metabolism occurs in the absence of oxygemhibitor. The commonest inhibitor for this
(anaerobic) (Szablewski, 2011). purpose is sodium fluoride which is usually
Blood glucose concentration or level isused in conjunction with an anticoagulant
tightly regulated in the human body andpotassium oxalate. Fluoride ranges from
normally this blood glucose level is severe toxins to life saving pharmaceuticals
maintained at a specific reference range. Theuch as efivirenz and refractory materials
normal amount of glucose circulating in thesuch as calcium fluoride to highly reactive
blood is about 3.3 to 7.0g (assuming arsulphur tetrafluoriden (Aigueperset al,
ordinary adult blood volume of 5-6 liters, 2005). The range of fluoride is considerably
plausible for an average adult make and 4-targe as fluorine forms compounds with all
liters for an average female). Glucose levelglements except helium and neon.
rise after meals for an hour or two and are€Compounds containing fluoride anions and
usually lowest in the morning, before thein many cases those containing covalent
first meal of the day. For this reason,bonds to fluorine are called fluorides. The
patients going in for fasting blood glucosesilicon—fluoride (Si—F) linkage is one of the
tests are advised to go before breakfasttrongest single bonds. Many fluoride
(fasting) (Nordlieet al, 1999). minerals are known but paramount in
The value of the blood glucose level hascommercial importance is fluorite and
being kept in a remarkably narrow range dudluoropatite (Greenwoosdt al,, 1997).

to the homeostatic effect of many factors, ofFluoride actually inhibits the enzyme
which hormone regulation is the mostenolase which is found in the metabolic
important. The concentration of glucose ispathway of glucose and has little effect on
hormonally regulated. Fluctuations in bloodglucose oxidase and peroxidase enzymes
glucose levels due to dietary intake or(Lawrenceet. al.,2008).

vigorous exercise are counterbalanced by &his research intends to determine the lag
variety of hormonally triggered changes inperiod of fluoride oxalate in plasma glucose
the metabolism of several organs (Nelsorstabilization.

and Cox, 2005). Materialsand Methods

Blood coagulates by the transformation ofStandard laboratory materials, equipments
soluble fibrinogen into insoluble fibrin. and reagents were used in this research.
Anticoagulants are compounds that helprhe subjects were recruited from an adult
prevent the clothing (coagulation) of blood.population at the Ahmadu Bello University
Glucose estimation using plasma or wholeleaching Hospital Shika -Zaria. A average
blood requires the use of an anticoagulantof three samples were collected and analysed
When blood is shed or collected, the cells dan a day and this was due to the tediousness
not die immediately. They continue to of the practical aspect of the research work.
metabolize and use up glucose as a source ®he method used to assay the plasma
energy, via the glycolytic process. Glucosagylucose concentration was kit-based glucose
thus disappears from whole blood onoxidase method modified by Trinder (1969).

standing over a period of time. Normally,
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Blood Sampling being separated at approximately 30 minutes
A blood sample was collected from each of(30 minute time)

the fourty indivual volunteer aged betweenBottle labelled 3 and 4. The blood(1.2ml
18- 45 years; 20 of which were diabeticeach) samples in these bottles were
(group A) while the other 20 were separated at 60 and 120 minutes respectively
apparently healthy (group B) individuals. after collection, and they were labelled as
From each individuals, 5ml of venous bloodsuch.

was collected from each individual These gave a total of 160 samples and they
participant. were analysed for plasma glucose level.
Experimental design Analysis of Result

Each blood sample collected was dividedResults were expressed as Mean £ SD. The
into four separate plain blood bottlesmeans and standard deviations were
labelled 1,2,3 and 4 and they were treated asalculated and paired-test was used to
follows: calculate thé® values. P-values of less than
Bottle labelled 1: The blood (1.2ml) in this  0.05 were considered significant.

bottle was centrifuged (at 4000 rpm for 10Result

minutes) immediately after mixing and theThe mean glucose concentrations in the
plasma sample was separated into @lasma samples separated at approximately
correspondingly labelled dry plain plasmag minutes after mixing with fluoride oxalate
bottle and it was recorded as being separatesblution in both diabetic (group A) and
at approximately 0 minutes (0 minute time). normal (group B) subjects were found to be

Bottle labelled 2: The blood(1.2ml) sample 9.92 + 0.84 mmol/L and 5.38 + 0.33 mmol/L
in this bottle was centrifuged 30 minutesrespectively (Table 1).

after collection, separated and recorded as
Table 1 Plasma Glucose Levels at TimeIntervalsfrom 0to 120 Minutes

TIME/SUBJECTS GROUPA GROUPB
0 Minute 9.92 +0.84"¢ 5.38+0.338"
30 Minutes 9.64 + 0.83¢ 5.12 + 0.34¢
60 Minutes 9.48 + 0.88¢ 4.95 + 0.3
120 Minutes 4.97 +0.82 4.95+0.32

L egend: Results are expressed as mean + SD. Values athame alphabetical superscripts
for the same group in a column are statisticallgnsicant with respect to each other
(P<0.05).

The values were significantly higher respectively; p<0.05). The decrease in mean
(p<0.05) than the mean plasma glucos@lasma glucose concentration between O and
concentration of both group A and B 30 minutes in both group A and B were 0.28
subjects separated at 30 minutes (9.64 tmmol/L (28%) and 0.26 mmol/L (26%)
0.83mmol/L and 5.12 £ 0.34 mmol/L respectively, table 2 and 3 respectively.

Table 2 Differences and Per centage L osses of Plasma Glucose of Group A Subjectsfrom
0to 120 minutes
TimelIntervals (minutes) Differences(mmol/L) Percentageloss (%)

0 0 0

0to 30 0.28 2.8
30 to 60 0.16 1.7
60 to 120 0.01 0.1
30to 120 0.17 1.8
0to 60 0.44 4.4
0to 120 0.45 4.5

73



Lag Period of Fluoride Oxalate
The mean plasma glucose (meanzSD) oS$tatistically significant difference (p<0.05)
group A and group B at 60 minutes werewere observed between the mean results
significantly lower (p<0.05) than their mean obtained from both group A (9.92 + 0.84 and
plasma glucose values obtained at 0 minute$.48 + 0.83) and B (5.38 + 0.33 and 4.95 *
(9.48 + 0.83) and 30 minutes (4.95 £ 0.32)0.32) at approximately 0 minutes and 60
as shown in table 1. The decrease observedinute. These difference were 0.44mmol/L
in the mean plasma glucose concentratiof4.4%) and 0.43 mmol/L (4.3%),
between 30 minutes and 60 minutes wereepresenting the degree of loses in plasma
0.16 mmol/L (1.7%) and 0.17 mmol/L glucose for group A and B respectively
(1.8%) for group A and B respectively, between 0 and 60 minutes (Tables 2 and 3
Tables 2 and 3 respectively . respectively).
Table 3 Differences and Percentage Losses of Plasma Glucose of Group B Subjects
From 0 to 120 minutes.

Time Intervals (minutes) Differences(mmol/L) Percentageloss (%)

0 0 0

0 to30 0.26 2.6
30 to 60 0.17 1.8
60 to 120 0.00 0.0
30to 120 0.17 1.8
0to 60 0.43 4.3
0to 120 0.43 4.3

There were no statistically significant approaches have been proposed to minimize
difference (p>0.05) between the mearerythrocytic glycolysis during glucose
plasma glucose concentrations of group Ameasurement. In Nigeria however, Fluoride-
(9.48 + 0.83) and group B (4.95 £ 0.32) atoxalate is the main anticoagulant used in
60 minutes and their corresponding valuegreserving glucose in most laboratories.
(9.47 £0.82 and 4.95 + 0.32 respectively) atin the current study the mean plasma
120 minutes. Table 1 glucose concentrations of 0 minute
There were statistically significant decreasecompared to 30 minutes, and 30 minutes
(p<0.05) between the mean values of plasmeompared to 60 minutes (Table 1) showed
glucose concentration of samples separatethat there were statistically significant loss
at 0 minute time (9.92 £ 0.84 and 5.38 zof plasma glucose (p<0.05 ) in both group A
0.33) and 120 minutes (9.47 £ 0.82 and 4.9and B samples. This indicates that the
+ 0.32) for group A and B respectively, afterfluoride does not significantly inhibit the
mixing with fluoride oxalate solution with activity of the enzyme (enolase) in the
the samples. The actual loses of plasmperiod between 0 and 60 minutes. These
glucose in groups A and B from O time toresults are in agreement with the one
120 minutes were 0.45mmol/L (4.5%) andreported by Charet al. (1989), were he
0.43mmol/L (4.3%) for group A and B reported that the fluoride does not prevent
respectively as shown in table 2 and 3Joss of plasma glucose during the 30, 60

respectively. minutes (or longer). Lean and David (2008)
also made similar observation. Fluoride
Discussion inhibits enolase, which is far downstream in

The Loss of glucose due to storage is #@he glycolytic pathway(Mikesh and Bruns,
serious problem which arises due t02008). Enzymes upstream of enolase remain
glycolysis. Such decreases in glucosective and continue to metabolize glucose
concentration will lead to wrong diagnosesuntil substrates are exhausted. Thus the anti
in the large proportion of the population whoglycolytic action of fluoride is delayed for
have glucose concentrations near the cutip to four hours (Chaet al, 1989).

points for diagnosis of diabetes. Several 24
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The result also demonstrated about 4.5% ancbncentration of which decrease in
4.3% loss of plasma glucose in group A ancerytrocyte by almost 90% sixty (60) minutes
B respectively which was in accordance withafter addition of fluoride (Feigt al, 1971)
the findings of Gambinet al(2009), who and this ATP depletion is enough to
reported about 4.6% plasma glucose loss peaignificantly inhibit the utilization of glucose
two hours. This is in contrast to the findingsby other pathways thus stabilizing blood
of Amegashieet al, 2015 who reported a glucose just about 60 minutes after adding
percentage decrease in glucose concentratidhe fluoride oxalate solution. Chapman and
between immediate and after 1 hour inKuchel, (1990) also made similar
fluoride oxalate tubes to be 6.5%, while thabbservation but disagreed with the
between immediate and after 2 hours 13%ostulated existence of “barrier to the
and that between after 1 hour and after Znovement of glucose into the erythrocyte
hours was 7.1%. They concluded that theiand leucocytes” sinc®®F NMR spectra of
result indicates that when blood samplesodium fluoride in suspensions of human
stored in fluoride-oxalate tubes are left forerythrocytes were seen to yield separate
more than 2 hours on the bench, glucosresonances for the populations inside and
concentration decreases by 13%. outside the cells.

The possible reasons for the significant

decrease in the mean plasma glucos€onclusion

concentration between 0 and 60 minute ighe facts from this research work have
that, after entry of the fluoride in to the shown that stabilization of plasma glucose
erythrocyte, although it rapidly blocks by fluoride oxalate solution is not immediate
enolase (Lean and David, 2008; Feigal, since it does not prevent significant loss of
1971), other enzymes such asplasma glucose form O times to 60 minutes.
phosphoglycerate kinase, glyceraldehyde 3fthe lag period in plasma glucose
phosphate  dehydrogenase, fructosel,6stabilization with fluoride oxalate solution
bisphosphate aldolase and hexokinase whiabccurs from 0 to 60 minutes, since the result
are upstream of enolase on the glycolyticshowed no significant decrease in plasma
pathway remain active (Bryan, 2008). Thusglucose concentration from 60 minutes to
glucose continues to be metabolized td20 minutes. Therefore the controversy of
glucose-6-phosphate  which is furtherthe existence of lag or no lag period might
metabolized to other phosphorylatedbe resolved based on this work. The
metabolites of glucose, all of which percentage glucose loss during the lag period
accumulates in the cells. So glucosas 4.4%. This also provides a baseline
continues to decrease in the plasma (Leasubject for further research on more
and David, 2008) though it is not convertedeffective antiglycolytic agents.

to pyruvate or lactate.

With glycolytic pathway blocked, other Recommendations

pathways may also metabolize From the findings of the present study, it is
phosphorylated sugars, an example of suctecommended that, to get a reliable results,
pathway is pentose phosphate pathway. Suajlucose determination should be carried out
metabolism will continue until equilibrium immediately after collection of sample or
states are reached for the several reactiongithin the shortest possible time. This is
involved. In particular, the rate of because the concentration of glucose is
phosphorylation of glucose to glucose-6-never stable within the first hour of sample
phosphate will decrease because this rateollection.

depends on the supply of ATP. The
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