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Failure of Urine Dipsticks to Detect Ketosis in Rats
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Among the dietary strategies to overcome adiposity and
obesity, the omission of carbohydrates in low-carbohydrate,
high-fat diets (LC-HFDs) has been proposed as a tool for
weight loss [1]. Popular weight loss guidebooks, including the
Atkins diet books [2], claim that the lack of carbohydrates in
LC-HFDs always triggers ketosis which would contribute to
the weight-reducing effects of these diets. However, this the-
ory was widely criticized in literature. Apart from attempts to
reduce body weight with LC-HFDs, ketogenic LC-HFDs are
also used to intentionally induce ketosis in patients with epi-
lepsy and lately also as a potential beneficial treatment in
other neurological diseases such as Alzheimer’s and Parkin-
son’s disease [3]. Both indications to use LC-HFDs are sub-
ject to intense research including rodent models. Quantifica-
tion of ketosis in these models often is a crucial part of the
investigation. The method of choice to analyze the level of
ketosis is measurement of B-hydroxybutyrate (HBA), ace-
tone and acetoacetate, collectively known as ketone bodies.
The gold standard to quantify ketone bodies is analysis of
HBA in circulation and acetone in urine or breath. However,
urine ketone dipstick tests are often used as a quick and non-
invasive alternative to assess ketone body status in clinical
practice. In humans, a large study in 21,000 healthy subjects
demonstrated that analysis of urine by the dipstick method is
a practical and sensitive screening tool also for detection of
ketosis [4]. In rats, analysis of HBA and even breath acetone
has been shown to be an accurate measure of mild to moder-
ate systemic ketosis [5, 6]. However, many rodent studies use
the urine dipstick method to analyze ketone body concentra-
tions although, to the best of our knowledge, a systematic
validation of this method has never been conducted in ro-
dents. Likhodii and colleagues [6] measured ketone body
concentrations in rat plasma (by an enzymatic assay) and rat
urine (by the dipstick method). They state that the dipsticks
failed to adequately predict the degree of systemic ketosis
because they correlated only poorly with the levels of HBA
in plasma.

Employing a nutritional rat model, we have recently re-
ported that induction of ketosis with LC-HFDs is not only
dependent on the absence of carbohydrates but also on low
dietary protein [7]. In this study, we had analyzed HBA in
serum and acetone in urine by laboratory methods because the
dipstick ketone body measurements yielded inconsistent re-
sults. We now decided to systematically investigate suitability
of the dipstick method to analyze ketone bodies in rat urine.
12-week old male Wistar rats (n = 15; Harlan, Germany) were
fed a ketogenic LC-HFD (Kliba Nafag; Provimi Kliba SA,
Kaiseraugst, Switzerland). The composition of the diet was
92.8% fat, 5.5% protein and 1.7% carbohydrates (macronutri-
ent specifications are given as a percentage of metabolizable
energy). After 3 weeks on the diets, urine samples were col-
lected by housing the rats individually without bedding on sta-
ble metal grids for 12 h. Samples for each rat were taken from
spontaneous 12-hour cumulative urine in addition to serum
samples. Presence of ketone bodies in urine was first measured
with commercially available dipsticks (‘Ketostix’, (Bayer,
Leverkusen, Germany) and ‘Ketodiabur Sticks’ (Roche, Basel,
Switzerland)) as by manufactures instructions. The color in-
tensity of the dipsticks was compared with a color chart and
transferred to the indicated numerical value. Urine samples
were then stored at —20 °C until quantification of acetone by
headspace injection and subsequent GC/MS analysis (Labora-
toriumsmedizin Dortmund, Dortmund, Germany). As a repre-
sentative example, the figure shows the results of ketone body
measurements in urine from 10 different rats. Laboratory mea-
surement of acetone in urine and HBA in serum (data not
shown) confirmed ketosis in all rats. Within the same samples,
we found a large discrepancy between the results obtained
from the dipsticks and the laboratory analysis. Interestingly,
the dipstick method both underestimated and overestimated
concentrations of ketone bodies in different rats. In some
cases, the results from the dipsticks also varied considerably
between the two manufacturers. Most strikingly, dipsticks
from both companies did not reliably indicate presence of
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Fig. 1. Results of ketone body measurements in urine of 10 different rats
fed a ketogenic LC-HF diet. Ketone body concentrations were analyzed
by GC/MS-analysis (laboratory method, black bars) and by urine dip-
sticks from two different companies (dipstick 1, Bayer, white bars; dip-
stick 2, Roche, grey bars). Of note, negative dipstick results (Omg/dl) were
set to 1mg/dl for better visualization in the figure.
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ketosis. In 12 out of the 15 samples analyzed, the laboratory
analysis has shown acetone concentrations above 5Smg/dl, but
the dipsticks indicated that only 3 (‘Ketostix’) or 5 (‘Ketodia-
bur Sticks’) samples contain ketone bodies. In contrast to the
poor correlation between laboratory and dipstick results of
ketone body concentrations in urine, laboratory measure-
ments of ketone body levels in urine (acetone) and serum
(HBA) showed a significant correlation (Spearman r = 0.557;
p < 0.0001). Of course, the dipsticks used in this investigation
(but also in many other rodent studies) are intended for usage
in humans, and manufacturers do not claim that application of
their dipsticks would yield reliable results in rats.

In conclusion, our data show that — although quick, easy
and noninvasive — the urine dipstick methodology is not suit-
able to reliably detect and quantify ketosis in rats. We suggest
that in rodents measurement of circulating HBA by labora-
tory methods reflects ketosis best, but laboratory analysis of
acetone in urine might also be used as a less invasive tech-
nique to assess the level of ketosis in rats.
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