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ABSTRACT

The use of animal models in scientific research is considered by many to be an absolute necessity, while some have 
questioned whether there are better alternatives. Nonetheless, animal models are currently a foundational piece of 
modern research practices. However, amongst the criticisms leveled at supporters of animal research, those which 
even supporters concede are necessary include sound methodology and design of such studies along with transparency 
for results. In Part 3 of a 3 Part series, a recently published safety assessment in mice administered a recreated 
OxyELITE Pro formulation is reviewed. Unfortunately, this study serves as yet another example where animal 
research has fallen short, suffering from numerous design and methodological issues and a lack of transparency in 
reporting results.
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INTRODUCTION

The use of animal models as a predictive means of assessing the potential toxicological and pharmacological effects 
of chemicals in humans is a cornerstone of modern research [1]. However, more recently, some have questioned the 
benefits of using animal models for such purposes, noting the discordant results between animals and humans whether 
toxicologically or pharmacologically [1-4]. While moving toward a less costly, more humane and predictively superior 
model or models is ideal, animal models are the current standard despite limitations. Some authors have noted that 
a partial solution (i.e., solutions outside of inter-species differences that will inherently result in divergent results) 
to the controversy regarding the applicability of animal models to humans can ultimately be found by addressing 
methodological and design errors in such studies along with transparency and accountability for data [1]. 

OxyELITE Pro or rather, a reconstructed version of one of the formulas containing aegeline, yohimbine, higenamine, 
and caffeine was recently studied by Miousse, et al., in mice [5]. A review of the published data reveals numerous 
shortcomings that are addressed herein which provide an example of a case where design and methodological errors 
led to inappropriate dosing of the compounds administered along with interpretational errors by the authors.

Literature Search

As part of a general (non-systematic) review, PubMed and Google Scholar were searched for original research articles, 
reviews, reports and letters to the editor which included an analysis of aegeline or OxyELITE Pro, and hepatotoxicity 
or liver injury. Search terms included: OxyELITE Pro, OEP, aegeline, hepatotoxicity, liver, liver injury. Publications 
retrieved were analyzed with respect to any association between aegeline or OxyELITE Pro and hepatotoxicity.

A Safety Assessment of OxyELITE Pro New Formula in Mice

Misleading claims: Miousse, et al., report the results of a “safety assessment” study where one of the three “new 
formulas” (i.e., referring to those which did not contain 1,3-dimethylamylamine (DMAA), but instead, aegeline) of 
OxyELITE Pro, also referred to as OxyELITE Pro New Formula or OEP-NF containing aegeline, caffeine, yohimbine, 
and higenamine, was reconstructed and examined in CD-1 and B6C3F1 mice for potential hepatotoxicity [5]. The 
authors hypothesize that while these individual ingredients alone do not appear to be hepatotoxic, their combination 
could lead to adverse findings. First, the authors make erroneous and misleading statements; for example, the authors 
state that Arseculeratne, et al., utilized mice, when in fact they were rats [6]. The authors also, like Klontz, et al., 
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neglect to include data showing that other than the questionable results of Arseculeratne, et al., A. marmelos and 
aegeline have not otherwise shown hepatotoxic effects and in fact have been shown to be hepatoprotective (Tables 1 
and 2 of Part 1) [7,8]. The authors also discuss a study by Mohammed, et al., stating that the authors found naturally 
derived aegeline to be cytotoxic in HepG2 cells in a study evaluating the anti-cancer potential of various compounds 
from A. marmelos against several cancer cells lines [9]. The authors cite this study as apparent evidence that aegeline 
may be hepatotoxic. However, this is misleading as the authors performed an MTT assay, which as Galluzzi, et al., 
and others have pointed out is an indirect and potentially unreliable method for measuring cell death which could lead 
to erroneous results, as cells are not actually counted [10,11]. Nonetheless, the concentration used (i.e., 336.3 µmol), 
assuming linear kinetics, would require a 3,000 mg/kg dose (i.e., 125 times the amount in a 1x dose of OEP-NF used 
by Miousse, et al., [5]) of aegeline in mice to reach a similar concentration and is unlikely to be relevant to in vivo 
administration [12]. Furthermore, chlorogenic acid, a commonly consumed polyphenol ubiquitously found in the 
human diet in fruit, vegetables, coffee, and tea was shown to cause cell death in HepG2 cells, as were strawberry and 
plum extracts as well as curcumin [13,14]. Last, it is important to note that compounds may demonstrate cytotoxicity 
to cancerous cell lines such as HepG2 while having no effect on normal cells lines [14-16]. This is, in fact, is a desired 
characteristic of a potential anti-cancer compound.

The authors reference Waluga, et al., claiming that it shows the ability of caffeine to intensify the hemodynamic 
effects of yohimbine [17]. However, the study administered a placebo; caffeine and ephedrine; and caffeine, 
ephedrine, and yohimbine. Thus, changes seen in the third group, based upon the study design, do not allow one 
to draw such a conclusion that Miousse, et al., have done [5]. In fact, Waluga, et al., make no such statements and 
simply caution against the combination of the three ingredients [17]. It is just as possible that there was a negative 
interaction between ephedrine and yohimbine, considering norepinephrine’s inhibitory feedback upon its own release 
[18], via activation of alpha-2 adrenergic receptors; something which would be overridden if ephedrine is consumed 
with yohimbine. In any event, unless the study was designed with positive control groups receiving each individual 
ingredient alone and in combination, there is no way to know for certain. The claim that yohimbine and caffeine 
are known to have such a negative interaction, however, is unfounded. Furthermore, the relevance of interactions 
and their effects on hemodynamic variables and cardiovascular function to effects upon the liver is questionable. 
Finally, others have evaluated the hemodynamic effects of a supplement which contained caffeine, higenamine, and 
yohimbine, as compared to caffeine alone, placebo, or higenamine. There was no significant difference in heart rate or 
blood pressure in those consuming the combination of caffeine, higenamine, and yohimbine as compared to placebo 
or caffeine alone, which further demonstrates the lack of any negative interaction between the ingredients [19].

Inappropriate Dose Scaling and Neglect of Pharmacokinetic/Toxicokinetic Differences between Humans and 
Mice: Miousse, et al., attempt the calculation of a “mouse equivalent dose” or MED, derived from the dose humans 
received after ingesting the maximum daily dose of 3 capsules of an OEP-NF formula [5]. Miousse, et al., perform a 
dose extrapolation, which Blanchard and Smoliga have discredited, pointing out that it is erroneous and ill-supported, 
mainly due to a misinterpretation of Food and Drug Administration (FDA) guidelines for first in human dosing [20]. 
At best, such a method is considered crude and preliminary as it does not account for differences in pharmacokinetics 
or pharmacodynamics between species [20-23]. The authors first use the conversion inappropriately but then further 
confound matters by using the formula in reverse. For example, with respect to the ingredient caffeine, which was 
included in OEP-NF at 400 mg per 3 capsules, the dose ingested by a 70 kg human is approximately 5.7 mg/kg. The 
authors take this figure and simply multiply it by a factor of 12.3 to give what they claim is the MED, which becomes 
the 1x group and consequently, the 1.5x, 2x, 3x, and 10x groups received approximately 105, 140, 210 and 700 mg/
kg of caffeine, respectively. The 1x dose for mice would be around 2.3 mg/kg for yohimbine, while aegeline’s would 
be approximately 24 mg/kg, as examples. Notably, despite performing a toxicologically based study, the authors 
neglect to use a default factor most commonly used to determine a “toxicologically equivalent” dose, which involves 
scaling of doses by 3/4-power of bodyweight or BW0.75 [23,24]. Despite the fact that this method also does not 
consider toxicokinetic and toxicodynamic differences between species for a given chemical, it is at least consistent 
with mainstream toxicology. Notably, the scaling factor is substantially lower than that used by the authors. For 
example, in mice, a dose of caffeine considered, “toxicologically equivalent” to 5.7 mg/kg in humans would equate to 
approximately 40 mg/kg [23,24], which is over 40% lower than that used by Miousse, et al., [5]. Instead, the authors 
have used the FDA guidance document, whose singular purpose is to obtain a human equivalent dose (HED) derived 
from a no observed adverse effect level (NOAEL) in an appropriate animal model by scaling with body surface area 
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(BSA) [20]. The entire purpose of this conversion is to provide a starting point for a (hopefully) safe dose in humans 
when a compound is being given to humans for the first time, although it has even failed for this purpose at times 
[20]. Even ignoring the mistake of using the equation in reverse, it would not be a NOAEL that is being determined 
from an HED but instead, as the FDA points out, the pharmacologically active dose (PAD), which is the lowest dose 
tested in an animal species with the intended pharmacologic activity/therapeutic effect. The NOAEL and PAD are 
entirely different, yet the authors apparently confuse the two or consider them interchangeable, which they are not 
[20]. Even ignoring the total formula of OEP-NF, it is well established that caffeine alone, at a dose of 400 mg for a 
70 kg adult is a pharmacologically active dose (PAD), as opposed to a NOAEL [25]. Yet, even the amount of caffeine 
in a single capsule of OEP-NF (i.e., 135 mg) is known to be pharmacologically active [25]. Furthermore, as little as 
2 capsules in humans given an OxyELITE Pro-like formula with yohimbine, caffeine, and higenamine stimulated 
lipolysis and energy expenditure, thus this would also qualify as the PAD [26]. The label directions for OEP-NF 
inform the consumer that they may use between 1-3 capsules daily. Yet, the authors chose to use 3 capsules instead 
of 1 or 2 capsules, despite the fact that these doses are also pharmacologically active. Thus, not only did the authors 
fail to use the PAD instead of a NOAEL, they failed to use the minimum dose known to have pharmacological effects 
and instead, simply used the maximum number of capsules allowed for consumption according to the label. Just as 
concerning is the fact that while a total daily intake of 400 mg of caffeine is considered unlikely to cause serious 
harm in adult humans, the authors took no steps to confirm that the doses employed via their conversion factor were 
similarly unlikely to cause serious harm in mice. Of course, this also exempliies the fact that the authors were also 
incorrectly performing dose scaling for pharmacological purposes, rather than toxicological purposes, a notable error.

In performing such a calculation, the authors ignore not only the warnings of Blanchard and Smoliga but those of 
Sharma and McNeill who point out major issues (i.e., lack of consideration for pharmacokinetics/pharmacodynamics, 
use of a NOAEL instead of PAD and an increased estimated dose) when it comes to extrapolation from a human to an 
animal using the same conversion factors [20,21].

Finally, even in the paper cited by the authors as justification for this calculation, Wojcikowski and Gobe also make 
the same warning about ignoring the potential pharmacokinetic and pharmacodynamic differences between species, 
a warning echoed by toxicologists as well, stating: “There are numerous arguments against the use of animal studies 
on medicinal herbs or drugs, many of which involve the fact that animal studies do not necessarily predict what will 
happen in humans. It is true that a significant interspecies variation in any of the components of pharmacokinetics and 
pharmacodynamics may result in the inappropriate extrapolation of animal dose to humans” [22,23].

It is evident that the authors did not consider pharmacokinetic/toxicokinetic or pharmacodynamic/toxicodynamic 
differences between humans and the mice used in the study when extrapolating using BSA. For example, the peak 
plasma concentration of caffeine in humans varies but has been shown to fall around 9 to 10 mg/L after a 350 to 400 
mg dose (i.e., 400 mg or 5.7 mg/kg dose in 3 capsules of OEP-NF for a 70 kg human) [27-30]. These data are in 
agreement with the summary by Arnaud in 2011, which indicates the mean peak plasma concentration in humans after 
oral or intravenous administration of doses between 5-8 mg/kg is between 8-10 mg/L [31]. In mice, however, a 20 mg/
kg dose given orally produces a peak plasma concentration of around 14.5 mg/L [32]. This is in good agreement with 
the data by Sakai, et al., who found a peak plasma concentration of approximately 1.07 mg/L after a 1.6 mg/kg oral 
dose in mice; assuming linear kinetics up to 100 mg/kg (i.e., caffeine is known to display linear kinetics up to 100 mg/
kg in mice [31], but it is unknown if this remains at doses above this level, which incidentally, is yet another issue with 
the caffeine doses above 100 mg/kg employed by Miousse, et al., [5]), a dose of 16 mg/kg would have been expected 
to yield a peak plasma concentration of around 10.7 mg/L [31-33]. Clearly, even a 20 mg/kg dose in mice would 
have more than equaled the same peak plasma concentrations and internal exposure in a human consuming 400 mg 
in OEP (i.e., 5.7 mg/kg), yet, because Miousse, et al., used a calculation for a purpose which it was not intended, the 
mice instead received approximately 70 mg/kg [5]. That is at least 3.5 times greater than what was needed to achieve 
a similar internal exposure to caffeine in mice as that in humans and more than 40% higher than a standard default 
factor for toxicological studies assuming no significant toxicokinetic/toxicodynamic differences between species [23]. 
Blanchard and Smoliga, point out a similar example using the dietary supplement resveratrol, showing that using the 
conversion factor that Miousse, et al., use, results in a grossly overestimated dose in mice, validating the warnings also 
expressed by Sharma and McNeil, regarding an increased estimated dose using the conversion employed by Miousse, 
et al., [5,20,21].
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Toxic doses of caffeine administered to mice: The most obvious indication that the scaling performed by Miousse, 
et al., was inappropriate is the fact that the dose of caffeine given to the mice in the 2x and 3x groups, was close to 
or beyond the acute LD50 value [5,34]. For example, the acute LD50 value for the CD-1 mice used in this study is 
between 127-137 mg/kg, thus doses of 140 and 210 mg/kg in the 2x and 3x groups would also be expected to cause 
toxicity based upon the caffeine content alone [34], while the 10x groups would be expected to most likely result in 
100% lethality as it is more than 5 times greater than the acute LD50 [34]. Others have warned that an acutely toxic 
dose should not be used for sub-chronic toxicity studies [23]. The authors in apparent acknowledgment of this issue, 
seem to reason that although some groups of mice clearly received lethal doses of caffeine, those receiving doses 
just below the LD50 (e.g. 1x and 1.5x groups) would not have been influenced [5]. Of course, the authors neglect to 
consider that the LD50 is merely a measure of acute toxicity (i.e., in the form of lethality) and does not represent the 
absolute point of lethality; rather it represents the dose needed to cause death in 50% of animals after a single dose 
[35]. The LD10 (i.e., the dose needed to cause death in 10% of animals), while unknown, would most certainly be 
even lower than these figures and the toxic dose 50 or TD50 (i.e., the dose which produces toxicity in 50% of a group) 
even lower still, considering a typical monotonic dose-response curve [35]. After all, the LD50 is simply a measure 
of acute toxicity after a single dose in the form of mortality/lethality, rather than a measure of toxicity after repeated 
dosing (i.e., sub-acute or sub-chronic toxicity as in these studies). Furthermore, and perhaps, more importantly, the 
authors ignore the fact that the LD50 is a measure of mortality/lethality, not morbidity (i.e., toxic or adverse effects 
occurring below the threshold for lethality) because even if death does not occur, the animals can still suffer toxicity 
short of death [35,36]. Walum points this out, stating that, “the value refers only to mortality and is illustrative of no 
other clinical expression of toxicity” [36]. Although, Zbinden and Flury-Roversi have pointed this out decades ago 
[37]. Zbinden and Flury-Roversi also point to the flaw of assuming that a dose which is simply below the acute LD50 
will be tolerated with repeated dosing, using an example of the drug dexamethasone, where it was shown that rodents 
were not able to tolerate doses even 1,700 times lower than the acute LD50, when given repeatedly [37].

An example of dose scaling in rats: To further illustrate the flaws of the dose extrapolation performed by the authors, 
one can also reference studies in rats. Using the same conversion formula and arguments applied by the authors, rats 
could simply be given (i.e., 5.7 mg/kg x 6.2) approximately 35 mg/kg of caffeine to equal a 1x dose, 105 mg/kg for a 
3x dose and 350 mg for a 10x dose [5]. However, this is clearly an excessive and erroneous conversion when compared 
with the data published by Latini, et al., which found the average peak plasma concentration after oral administration 
of 10 mg/kg of caffeine in rats to be approximately 12.2 µg/ml, which is approximately the same as what a human 
experiences after a 5.6 mg/kg ingestion of caffeine [30,38]. Yet, if using the calculation employed by Miousse, et al., 
the dose would have been 3.5 times greater [5]. These data again show the inaccurate dose conversion by relying upon 
BSA when there are clear pharmacokinetic differences between rodents and humans regarding caffeine; reversing the 
formula, and confusing a PAD for a NOAEL to come up with a supposed MED. Arnaud has even warned about the 
practice of dose extrapolation with caffeine noting that, “Important pharmacokinetic differences have been reported 
between animal species, making the extrapolation between species difficult” [31].

An example of caffeine toxicity in rats using inappropriate dose scaling: Returning back to the example in rats, 
an LD50 value of 192 mg/kg has been determined previously, thus, if the authors applied a 10-fold increase to their 
claimed equivalent dose, it would equal a dose of 350 mg/kg, which they claim should be a dose which does not result 
in any adverse effects in the animal [39]. However, this dose is lethal to rats [39]. As noted by Boyd after rats were 
given lethal doses of caffeine, they displayed symptoms such as swollen and inflamed eyelids, schizophreniform 
withdrawal, hyperreflexia, vertigo, ataxia, loss of body weight, gastroenteritis, hepatitis, nephritis, toxic effects upon 
the heart, spleen, pancreas, thymus gland and adrenal glands, while they ultimately succumbed to respiratory failure 
or cardiovascular collapse [39]. However, even these effects are only from the acute administration. As discussed, the 
LD50 value is merely a measure of acute toxicity (mortality/lethality) and in fact, the LD50 value may be much lower 
if an animal is subjected to repeated administration. Indeed, this is what Boyd et al. found in another study [40]. The 
repeat-dose LD50 in rats given caffeine over a 100 day period demonstrated an LD50 value of 150 mg/kg, significantly 
lower than the acute single dose LD50 of 192 mg/kg [39,40]. Similarly, these rats displayed symptoms such as toxic 
nephritis, hepatitis, myositis, thyroiditis, and loss of red pulp in the spleen [40]. In those receiving as little as 158-181 
mg/kg, histopathological studies in the liver demonstrated changes such as sinusoidal congestion, cloudy swelling 
and congestion, while clear histopathological changes were also noted in the brain, skeletal muscle, heart, kidneys, GI 
tract, lung, adrenal gland, spleen, thymus and thyroid glands [40]. Interestingly, in a clear example of why the LD50 
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is only an indication of mortality/lethality, not morbidity or sub-lethal toxicity, rats given an average dose on the 
order of approximately 110 mg/kg day, which was the highest dose (i.e., a sub-lethal dose) that did not produce any 
deaths over 100 days, still produced significant toxicity/adverse effects [35-37,40]. These rats experienced cerebral 
hyperemia, occasional psychotic-like self-mutilation (i.e., biting and mutilating its own feet or tail), gastric ulcers, 
and hypertrophy or enlargement of the salivary glands, GI tract, liver, heart, kidneys, and lungs, despite having in 
general, a normal appearance [40]. This is a clear example of the authors’ error. For example, if rats in a study were 
given 3x what Miousse, et al., claim is the equivalent dose to humans, that would be approximately 105 mg/kg, which 
would have resulted in multi-organ toxicity and could have led to elevations of ALT and AST, which could have 
come from the liver or more likely, other non-hepatic sources such as the brain, kidneys, skeletal muscle or heart as 
ALT and AST are not specific only to the liver but may also rise in response to other tissue damage [5,40-42]. Indeed, 
demonstrating the errors of Miousse, et al., a recent study in albino rats administered 50, 100, 190 and 300 mg/kg 
caffeine for 28 days and found that all doses, including only 50 mg/kg (i.e., slightly less than 1.5x what Miousse, et 
al., claim is a dose equivalent to 5.7 mg/kg in humans), produced a statistically significant but moderate increase in 
ALT and AST, yet no increase in ALP or bilirubin, which actually decreased, indicating the elevation may have come 
from tissues other than the liver [43]. The authors also noted indications of kidney damage and a reduction in weight 
gain relative to control, also noting that the reduction in weight gain in rodents by caffeine is well-described by others 
[43]. Interestingly, in rabbits, a dose of 80 mg/kg caused increases in ALT and alkaline phosphatase in a 28-day study, 
despite the lack of any histopathological changes to the liver [44].

Inappropriate interpretation and application of safety factors: Miousse, et al., comment regarding their surprise 
that only 3 and 10 times what they claim is the recommended dose equivalent would produce harm, arguing that 
these doses are well within a 100-fold uncertainty factor recommended when designing herbal dietary supplement 
safety studies [5]. The authors cite the work of Schilter, et al., as apparent support for this claim, but Schilter, et al., 
make no mention of the approach used by Miousse et al., [5,45]. Instead, Schilter, et al., detail a commonly accepted 
method for the determination of a potentially safe dose for a given substance to be consumed by humans (e.g., the 
acceptable daily intake or ADI) by determining a NOAEL in animal models, which is subsequently divided by a 100-
fold uncertainty factor to account for inter and intra-species differences in toxicological response [45]. Here again, it 
is apparent that Miousse, et al., believe that one may simply substitute a NOAEL in animals for the PAD in humans, 
that is, the dose consumed by humans for a given product could simply be converted to an equivalent dose in an 
animal model and animals should be free from adverse effects at a dose up to 100-fold greater. In effect, Miousse, 
et al., erroneously believe that for example, an intake of 5.7 mg/kg of caffeine in humans represents a NOAEL and 
thus it can be converted to an animal equivalent dose by using a BSA scaling formula in reverse, yielding an animal 
equivalent dose from that value, which the authors believe is 70 mg/kg caffeine for mice. Subsequently, the authors 
erroneously believe that since this dose is a NOAEL, animals should be able to consume 100-fold greater quantities 
without harm. Such arguments are unprecedented and are readily demonstrated as faulty. For example, as already 
noted 10x a 70 mg/kg dose (i.e., 700 mg/kg) of caffeine is obviously lethal to mice [34]; 100x a 70 mg/kg dose (i.e., 
7,000 mg/kg) of caffeine is also obviously lethal to mice. Even assuming a 5.7 mg/kg dose in humans as a NOAEL 
a 100-fold increase (i.e., 570 mg/kg) is clearly lethal to mice [34]. A 5.7 mg/kg ADI for humans derived from a 100-
fold safety factor would also require a NOAEL of 570 mg/kg in mice, which is again, lethal [34]. Such arguments also 
demonstrate a fundamental misunderstanding of basic toxicological principles. For example, even if the authors had 
correctly determined and appropriately scaled a NOAEL rather than a PAD, such doses (e.g., 3x and 10x) beyond the 
NOAEL are by definition, capable of causing observable adverse effects [35]. The authors also fail to recognize that 
safety factors are inherently scaled downward, not upward as their purpose is to determine a safe dose.

Caffeine toxicity in humans: As it has been demonstrated previously, the doses that Miousse, et al., administered 
were most certainly not equivalent to what humans ingest, resulting in lethal and toxic doses of caffeine being given, 
including a lethal dose in the 3x dose group of mice [5,34]. Yet a claimed human equivalent dose according to 
Miousse, et al., a 1,200 mg (i.e., 3x 400 mg) or 17 mg/kg dose (i.e., for a 70 kg adult) is well below the known lethal 
dose for normal adult humans [5,46-51]. In addition, the notion that a 10-fold overdose beyond a PAD or even a 
NOAEL would cause harm should not be surprising, especially with caffeine, considering the somewhat narrow 
margin between well-tolerated doses and those producing toxicity. Even if the authors had more appropriately dosed 
the mice with 20 mg/kg of caffeine, a 10-fold increase to 200 mg/kg would still have caused lethality in some animals 
[34]. A 200-400 mg dose of caffeine or 2-4 cups of coffee is associated with positive benefits or a lack of risk for 
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serious harm in normal healthy adults, yet a 10-fold increase (i.e., 20-40 cups) to 2,000 to 4,000 mg, would place 
many individuals in the hospital for supportive treatment [46-51]. A 1,000 mg dose of acetaminophen may provide 
pain relief but a 10,000 mg dose could cause severe liver injury [52]. As noted previously, even a 3 or 10-fold dose 
greater than the NOAEL would by definition, be expected to cause adverse effects. Even essential molecules may 
cause toxicity in such instances. While most humans consume less than 2 L of liquid or water daily, a 10-fold increase 
would likely be lethal [53-55]. This is not an anomaly, it is a tenet given to us by the father of toxicology, Philippus 
Theophrastus Aureolus Bombastus von Hohenheim, which most know as, “Paracelsus”, who stated, “What is there 
that is not poison? All things are poison and nothing (is) without poison. Solely the dose determines that a thing is 
not a poison” [56].

Inappropriate dose scaling of yohimbine: Unfortunately, similar to caffeine, there appears to be a lack of 
consideration for the pharmacokinetics/toxicokinetics of yohimbine in rodents, versus humans. For example, in 
humans, the elimination half-life of yohimbine is generally around 1 hour, while in mice and rats, it is considerably 
longer at approximately 6 hours and over 16 hours, respectively [57-59]. Some authors have commented that such 
differences underscore the fact that it is difficult to compare data from two species [60]. In any event, this lack of 
consideration for the pharmacokinetics of yohimbine and the incorrect use of BSA for a conversion factor could also 
have led to toxic concentrations of the compound either on its own or after potentially accumulating [23]. While the 
oral LD50 for yohimbine is approximately 43 mg/kg in mice, as discussed previously, this is simply an acute, single-
dose assessment of lethality [61]. It does not represent a repeated dose LD50 nor does it indicate that lethality or sub-
lethal toxicity (i.e., adverse effects) do not occur at lower doses [35-37].

Inappropriate study design using insufficient blood chemistry: While major issues have already been discussed 
with the design of the study, there are additional issues. For example, the authors in Miousse, et al., failed to follow 
proper guidelines for blood chemistry tests in animal toxicity studies, which could have helped distinguish whether 
any modest increases in ALT/AST were coming from the liver or non-hepatic tissues [62-65]. Furthermore, as 
previously noted, the rather broad organ toxicity seen when rodents overdose with caffeine can also give rise to 
elevations of ALT/AST as those enzymes are found not just in the liver, but the brain, lung, pancreas, kidney, heart 
and skeletal muscle [41-43]. It does not appear the authors followed proper and basic protocols as determined by 
guidelines issued by respected organizations, which indicate that for animal studies such as these, one should measure 
two hepatocellular and two hepatobiliary markers or at least 3 enzymes indicative of hepatocellular effects (i.e., the 
authors measured only two enzymes), in addition to other clinical chemistry such as blood urea nitrogen, creatinine 
and albumin, which for example, allows for a better determination as to whether ALT and AST are rising from extra-
hepatic (e.g., brain, skeletal muscle, heart, kidney, or elsewhere) sources as this is a major limitation of relying only 
upon ALT and AST as they can arise from other tissues [41,42,62-65]. These and other basic blood chemistry tests 
(e.g., bilirubin) were inexplicably ignored by this group. The European Medicine Agency specifically states that 
bilirubin is needed along with ALT and AST, the reason being that while it is considered a hepatobiliary marker, it 
allows for the differentiation between ALT/AST rising from non-hepatic and hepatic tissues; this trio, is said to be 
“the most relevant signal of liver toxicity” [62].

The fact that the authors chose ALT and AST while neglecting to use any other well-established indicators such as 
alkaline phosphatase or bilirubin is particularly problematic. While the group does evaluate microRNA 122 or miR-
122 and the liver/body weight ratios, these too are problematic. For example, while miR-122 was once thought to 
be an emerging contender for a new biomarker for liver injury, recent evidence indicates that it can also be actively 
released or regulated and does not appear to merely reflect passive release due to hepatocyte damage [66-68]. While 
miR-122 is found primarily in the liver, it is known to regulate metabolic pathways including cholesterol biosynthesis 
and fatty acid synthesis as well as oxidation [66,69-71]. Furthermore, some have indicated that free fatty acids may 
regulate miR-122 expression, which in turn causes a shift which favors β-oxidation by inhibiting enzymes necessary 
for triglyceride synthesis [66]. This would explain why miR-122 could have risen in some animals being fed a 
supplement designed to stimulate lipolysis which in turn increases free fatty acid levels [26], especially considering 
the fact that Miousse, et al., fail to present any direct evidence that absolute liver weights and histopathology reflected 
toxicity [72]. In fact, it has more recently been shown that free fatty acids increased expression of miR-122 in the 
liver of mice and induced secretion of miR-122 from the liver to blood where it entered muscle and adipose tissue 
and reduced expression of genes involved in triglyceride synthesis, providing strong evidence for such a role for miR-
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122 [68]. Furthermore, this group found that administration of a beta 3-adrenergic agonist which stimulates lipolysis 
also increased miR-122 and finally, they also found a positive correlation between free fatty acids and miR-122 in 
the plasma of healthy humans after fasting [68]. These effects occurred without any occurrence of hepatocyte death, 
demonstrating the increased miR-122 was due to active or regulated release rather than passive release [68]. These 
and other data have caused Chai, et al., to conclude that miR-122 can act as a hormone or signaling molecule which 
is actively released or regulated and represents a new molecular target for reducing triglyceride levels in those with 
metabolic syndrome [68]. Interestingly, coffee polyphenols were shown to reduce body fat accumulation in mice, 
while also showing an increase in miR-122 levels in liver [73]. Fatty acids have also been shown to upregulate miR-
122 expression in human embryonic stem cells, while a high-fat diet designed to induce non-alcoholic fatty liver 
disease (NAFLD) caused a down-regulation of miR-122 in rat liver [74].

It is interesting to note that Chai, et al., found increased miR-122 after administration of a beta 3-adrenergic agonist, as 
aegeline, one of the ingredients in OEP-NF has been proposed as a beta 3-adrenergic agonist with confirmed activity, 
while higenamine, another ingredient, also has beta-adrenergic activity [26,68,75,76]. Of course, two of the other 
ingredients in OEP-NF, caffeine, and yohimbine are also known to stimulate lipolysis [77-79]. Others have also noted 
that potential biomarkers such as miR-122 have been more thoroughly assessed after intrinsic hepatotoxic agents such 
as acetaminophen, as opposed to those known to cause idiosyncratic DILI, while also noting that the best potential 
role is complementary, rather than as a replacement for established clinical tests [80]. On the other hand, like so many 
variables, there was no consistent rise in the mice of Miousse, et al., study (i.e., only the male CD-1, 4-week mice 
with the highest dose and the female B6C3F1, 13-week mice but only in those receiving the lowest or 1x dose) and 
the miR-122 didn’t corroborate a change in ALT/AST nor apparent histopathology (i.e., unusually, the authors do not 
report statistical comparisons nor actual histopathological data for the groups of mice leaving the reader to presume 
that if there were a change, it would have been directly reported) [72,81]. Furthermore, the 1x and highest dose groups 
often displayed a decrease in miR-122 relative to control. In any event, the discoveries (i.e., it can be actively released 
or regulated) regarding miR-122 along with the degree of inter and intra-variability has led the predictive safety 
testing consortium (PSTC) to deprioritize miR-122 as a DILI biomarker [67].

Misleading use of the liver to body weight ratio as an indicator of liver hypertrophy: In addition to other issues, 
the authors’ use of the liver to body weight ratio is highly misleading in light of the fact that they 

• Neglected to publish the absolute liver weights of the animals and, 

• The animals’ bodyweight gain in the groups receiving OEP-NF was clearly suppressed relative to the vehicle 
control group. 

Rather than report the absolute liver weight, the authors attempt to conflate a change in the liver to body weight ratio as 
an indication that liver hypertrophy occurred, when they, quite unusually, provide no evidence in the form of absolute 
liver weight data for the reader [72,82]. The liver to bodyweight ratio would normally be an acceptable measure of 
liver hypertrophy, except in a case where the animals are losing bodyweight or more precisely, gaining bodyweight at 
a lower rate than the vehicle control, which appears to be what occurred in this study. While the authors also do not 
provide body weight change data for the reader, if one evaluates the “bodyweight dynamics” reported for the animals 
in graphs, it becomes clear that the animals fed low and high doses of OEP-NF, gained much less bodyweight relative 
to the vehicle control [72]. This should not be surprising, considering OEP-NF was intended for weight loss. Clearly, 
the authors were aware that the product is intended to cause weight loss, thus their neglect to report the absolute liver 
weight and body weight change is unacceptable [72]. Looking at the published graphs, one can see that the CD-1 
males and females, along with the B6C3F1 males and females all had suppressed body weight gain relative to the 
controls, thus even in those whose liver weights stayed the same, a significant decrease in bodyweight would lead to 
an elevated liver to bodyweight ratio [5].

Such issues with using only the liver to body weight ratio have been noted as far back as 1976 by Stevens, who pointed 
out the flaw in using the organ to bodyweight ratio while neglecting to consider the absolute weight of the organ, in 
animals that have lost bodyweight [83]. Takizawa further noted this issue and Andersen, et al., have since suggested 
a multivariate analysis of variance (MANOVA) to account for such issues [84,85].

There are also examples of such occurrences with natural products. Nukitrangsan, et al., sought to determine the 
potential for a commonly consumed plant in Japan, Peucedanum japonicum, to suppress body weight gain in mice as 
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a method for treating obesity [86]. Indeed, the plant did cause suppressed body weight gain in the study, confirming 
the anti-obesity potential of the plant [86]. However, despite not finding any indications of toxicity in the mice, there 
was an increase in the liver to body weight ratio. The authors, however, correctly point out that this was simply due 
to the fact that the body weight of the animals had decreased, while the liver weight stayed the same and thus was not 
an indicator of liver enlargement or toxicity.

Inappropriate study design for evaluation of synergistic, additive or potentiating effects: Yet another issue with 
the design of this study is that, according to the authors, only one of the four formulas was apparently considered 
for evaluation, despite all being implicated, each with varying ingredients, including one which lacked aegeline and 
instead contained DMAA. If as Miousse, et al., hypothesize, the supposed hepatotoxicity was due to a combination 
of these specific ingredients, one must explain why a formulation that did not possess that combination is also able to 
do so, despite for example, multiple lines of evidence demonstrating a lack of hepatotoxic potential with DMAA and 
DMAA-containing formulas [See Part 1] [5].

More importantly, the design of the study itself neglects to actually confirm what Miousse, et al., hypothesize [5]. 
That is, they believe that not one ingredient, but the combination of ingredients can cause toxicity. Yet, to demonstrate 
such an assertion, one must not only study a combination of ingredients, but each individual ingredient itself to 
truly demonstrate that the effects are not due to a single ingredient or that there is truly some sort of “synergistic”, 
“additive” or “potentiating” effect [44,87]. Specifically, there should have been a caffeine; higenamine; aegeline; 
yohimbine; and control group which would then have been compared to the total formula, OEP-NF. Yet, inexplicably 
this was not done. In contrast, a randomized, controlled trial was conducted in a group of 48 normal, healthy men 
who were assigned to receive a placebo (n=12), caffeine (n=12), higenamine (n=12), or the combination of caffeine, 
higenamine, and yohimbine (n=12) over an 8-week period. Amongst other variables assessed for safety, liver health/
function was assessed after 4 and 8-weeks of administration. The results demonstrated no significant change from 
baseline or between groups for bilirubin, alkaline phosphatase, AST, ALT, and GGT, demonstrating a lack of any 
harmful interactions amongst ingredients in OEP-NF [19].

The authors conflate the controversial combination of ephedra or ephedrine and caffeine with their claim of an 
unknown interaction in OEP-NF. Yet, there are key distinctions to be made. As already noted, unlike this study by 
Miousse, et al., those evaluating the potential synergistic or additive effects of caffeine and ephedra or ephedrine 
compared the combination with the single ingredients to determine if indeed there was a true effect, as it was done in 
the case of the combination of caffeine, higenamine, and yohimbine [19,88,89]. Furthermore, ephedrine and caffeine 
were studied for cardiovascular toxicity, not hepatotoxicity. Last, in the case of ephedra or ephedrine and caffeine, 
the molecular mechanisms through which they exert their synergistic or additive effects are well-known (i.e., cAMP 
modulation via G-protein-coupled receptors and adenosine antagonism, respectively [90,91]. Miousse, et al., have 
given no identification or a reasonable hypothesis as to how this occurs with OEP-NF [5]. Furthermore, as already 
noted the combination of 3 out of 4 of the ingredients in OEP-NF (i.e., caffeine, higenamine, and yohimbine) showed 
no evidence of any synergistic, additive or potentiating adverse effects [19].

Inaccurate interpretation of ALT/AST and miR-122 values: With respect to the increase in liver enzymes, as an 
example of what the authors refer to are the modest changes in ALT/AST at week 13 in the B6C3F1 female mice only 
(i.e., no changes were noted in the male B6C3F1 mice at week 13 [5], nor at the 4 week mark in either male or female 
B6C3F1 mice nor any of the CD-1 mice at week 4 or 13), despite being statistically significant are not considered to 
be a clinically or toxicologically significant effect. This is because, as the HED Toxicology Science Advisory Council 
(a scientific advisory council which advises the US EPA in the Office of Pesticide Programs, Health Effects Division) 
has noted, regarding changes in values of ALT and AST, “Statistical significance, by itself, is not a reliable indication 
of liver toxicity. Among the factors to take into consideration are: laboratory variability; the normal range for each 
parameter in the species and strain at that laboratory; study to study variability; variability due to the number of 
animals per group; variability of enzyme levels as a function of age; possible presence of isoenzymes; and dose-
response concordance” [92]. It appears the authors of Miousee, et al., neglected to consider any of this [5].

The published authorities and regulatory agencies have also noted that “It is common with hepatocellular hypertrophy 
to get some increase in ALT or AST with no evidence of hepatic injury, therefore increases should not be considered 
adverse until they are at least 2-fold to 3-fold greater than control levels”. Below that level, they are usually within 



Willson C Int J Med Res Health Sci 2018, 7(8): 54-65

54

Kadhim, et al.

the normal range for the animal. In extreme cases, it is not unusual to observe an order of magnitude increase or 
greater” [62,63,92].

Indeed, while the increases in ALT and AST seen in the female B6C3F1 mice at week 13 were statistically significant, 
they were also in fact below a 2-fold increase greater than the control levels and thus are considered non-adverse [5]. 
Furthermore, the authors make only vague statements and present no corroborating evidence of an effect upon any 
histopathological variable for the 13-week female B6C3F1 mice receiving the 1x and 3x dose (nor any other groups 
of mice) [72].

Evaluating the conclusions from the 3rd International European Society of Toxicologic Pathology (ESTP), which 
convened a panel of experts from around the world, the authors provide a weight-of-evidence approach to distinguish 
between adverse and adaptive (i.e., non-adverse/not harmful and of little relevance to humans) effects upon the liver 
of experimental animals [81]. This weight of evidence approach is the standard used by toxicologists to determine 
whether there is evidence to support potential hepatotoxic effects in humans based upon animal studies. It states 
that in the absence of histological changes (i.e., the authors present no actual evidence of histological effects at a 
greater rate than vehicle control) a “weight-of-evidence approach” should be used to determine if there is evidence of 
hepatocyte damage. The expert working group asks the reader if, “there is clinical pathology evidence of hepatocyte 
damage characterized by a dose-dependent and biologically significant and consistent increase in at least two liver 
parameters” [81]:

• At least x2 to x3 increase in ALT.

• A biologically significant change in other biomarkers of hepatobiliary damage (ALP, AST, GGT, GLDH, etc.).

• A biologically significant change in another clinical pathology marker indicating liver dysfunction (albumin, 
bilirubin, bile acids, coagulation factors, cholesterol, triglycerides, etc.).

The authors then state that “clinical pathology changes should corroborate each other, be consistent with the expected 
species-specific patterns of change resulting from hepatobiliary injury, and take into account target pharmacology 
that may non-adversely alter one or more of these biomarkers. It should be noted that statistical significance alone is 
not a reliable indicator of hepatic toxicity” [81].

As noted, the increase in ALT/AST at week 13 in the B6C3F1 female mice (i.e., no changes were noted in the male 
B6C3F1 mice at week 13, nor at the 4 week mark in either male or female B6C3F1 mice nor any of the CD-1 mice 
at week 4 or 13) [5], while being statistically significant, was below a 2-fold increase greater than the control group. 
Thus, the first bullet point is negative as is the second (i.e., AST was below a 2-fold increase beyond control and 
only increased in the female B6C3F1 mice at week 13) [81]. This also speaks to consistency as one should have seen 
results that occurred throughout the study and corroborated rather than contradicted one another [81]. For the final 
bullet point, the authors did not bother to measure another clinical pathology marker indicating liver dysfunction as 
listed by the expert group (e.g., bilirubin, albumin, coagulation factors, bile acids) [81]. However, even if one used 
miR-122, whose relevance is questionable, particularly if the formula being evaluated was intended to stimulate the 
release of free fatty acids (i.e., lipolysis), only the male CD-1 mice, at week 4 and only with the 3x dose, experienced 
a statistically significant increase in miR-122 (i.e., the male CD-1 mice experienced a seemingly dose-dependent 
decrease in miR-122 in the 13-week study, while the week 4 female CD-1 mice experience a decrease as well), 
yet these same mice experienced no increase in AST or ALT; furthermore, the authors offer no actual evidence of 
histopathological changes to the liver [72]; the female CD-1 mice at week 4 and 13 experienced no change in miR-
122 (in fact, the 1x and 3x dose groups were lower than vehicle control), nor did the male and female B6C3F1 mice at 
weeks 4 and 13 (with the exception of the 13-week female B6C3F1 mice receiving 1x OEP-NF, but not the 3x dose). 
Additionally, and just as importantly, when considering what few changes were noted, they were not “consistent, 
biologically significant or dose-dependent” [81]. Instead, the only group of mice in the entire 4 and 13-week study 
groups that showed a change in ALT/AST after repeated OEP-NF administration was the 13-week female B6C3F1 
mice [5]. Yet, these changes were not biologically/toxicologically significant as they were below the 2 to 3-fold 
increase beyond control. The only groups in the entire study that showed an increase in miR-122 after repeated 
consumption of OEP-NF were the male CD-1 mice and only at week 4 given the 3x dose (the 13-week male CD-1 
showed a clear decrease in miR-122 with the 1x and 3x dose compared to vehicle control) and the female B6C3F1 
mice at week 13 given the 1x dose, but not the 3x dose, which was actually lower than control values [5]. Thus, 
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one can easily answer “no” to all 3 of these questions, which, according to the expert working group, indicates that 
“increases in liver organ weight and liver cell hypertrophy due to enzyme induction can be considered as an adaptive 
response to a xenobiotic and of little relevance to man”. Yet, since the authors present only the liver to body weight 
ratio (i.e., rather than actual liver weights) for animals that clearly showed a reduced rate of weight gain relative to 
vehicle control animals, it is questionable whether the weight of evidence approach is even needed.

A Post-hoc Bioassay for “Genuine Responders”: Miousse, et al., apparently conducted a post-hoc analysis of 
individual data, portraying individual mice as being, “genuine responders”. Yet, there are several critical flaws with 
this approach. First, there is no in vivo bioassay known to determine or predict idiosyncratic liver toxicity or more 
specifically, “genuine responders” as the authors claim; rather, this appears to be a case of data dredging, albeit 
without actual statistical comparisons.

The authors go through the individual data for each mouse in the 4 and 13-week studies and assign an arbitrary 
notation of “responder phenotype”, which they indicate is a significant change in that particular variable (i.e. liver 
to body weight ratio, ALT, AST, and miR-122) that is greater than two standard deviations (SD) from the mean of 
the vehicle control. First, while outlier analyses can be useful, the use of two standard deviations as opposed to three 
standard deviations to define an outlier is unusual. While one can in some circumstances use a lower SD than 3 to 
search for outliers, it must be based upon the distribution of the data at hand. In this case, the indication by the authors 
that even the vehicle control group had outliers using two SD indicates that it is not an appropriate choice; actual 
screens designed for detecting hepatotoxicity in vitro typically use 3 SD [93,94].

It appears the authors are attempting to use a multi-parameter model employed with in vitro assay based toxicity 
screens, in which two or more positive values are considered a “hit” or an indicator of hepatotoxicity. Yet, the 
differences between what Miousse, et al., have attempted and such methods are stark [5]. For example, in a paper by 
Sirenko, et al., which used a model similar to what Miousse, et al., apparently attempted, albeit in vitro, the values 
are not for individual samples (or in this case individual mice), but are the mean or averages of the group, which is of 
course necessary as statistical comparisons are made between the means or averages of groups in order to determine 
whether changes, if any, are due to mere chance/randomness or a real effect [5,94]. By analyzing individuals, one 
is taking single data points that may vary, sometimes greatly, due to myriad variables, including natural variations 
between individuals or differences in responses to the excessive doses of caffeine and potentially yohimbine [95]. The 
wide variation in clinical markers of liver function/toxicity is in fact noted by expert working groups when noting that 
statistical significance alone should not be construed as evidence for a significant change [81,92]; yet, the analysis by 
Miousse, et al., is not even a statistical analysis [5].

Even ignoring the flaw of using individual data instead of mean or averages for a group, the authors would need to 
have also included positive and negative controls as Sirenko, et al., have done [94]. Negative and positive controls are 
vital to determine the validity of the assays by calculating the specificity, sensitivity and predictive value.

Additionally, the Sirenko, et al., study and assays like it are intended to evaluate single compounds, not mixtures 
like that in OEP-NF [94]. In order for this group to have a valid assay, aside from the aforementioned issues, they 
would have needed to use each individual compound in the mixture as controls in order to ascertain whether any of 
the individual components are responsible for the effects seen with the total mixture [87]. Indeed, due to the incorrect 
dose extrapolation performed by the group, especially regarding caffeine and potentially yohimbine, this would be 
especially important.

Lack of Transparency for Designation of “Outliers”: Along with the lack of providing the body weight data, 
absolute liver weight data and histopathological data, the authors yet again do not include the individual data for these 
mice so that others may evaluate their claims of “outliers” [72].

Incorrect Claim of Dose-Dependency: Contrary to the authors’ claims, there was no dose-dependency in the studies 
as such an evaluation requires the use of a low, intermediate and high-dose group, along with a control [96-99]. Dose-
dependency typically appears as a tiered rise in each group with the low-dose group being higher (or lower depending 
upon the directional effect of the variable), the intermediate being greater than the low-dose group and the high-dose 
group being greater than the intermediate; each group may be statistically significant from one another and the control 
group, although this may not always be the case. Even evaluating the graphs provided by the authors, one can see 
that in many cases, there is a decline in a given marker as the dose increases (e.g., ALT and miR-122 values in CD-1 
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male 13-week mice) [5], no change or a decrease in the low dose group followed by a rise in the high dose group (e.g., 
AST and miR-122 CD-1 female 13-week mice) or paradoxically [5], a rise in the low dose group but no rise or even 
a decline in the high dose group (e.g., ALT/AST for B6C3F1 male 13-week mice and AST along with miR-122 for 
CD-1 male 13-week mice and miR-122 for B6C3F1 female 13-week mice) [5]. Further, the moderate and inconsistent 
increase in miR-122 also was likely due to its active release rather than any passive release from damaged hepatic 
tissue considering the authors offer no corroborating data to demonstrate actual liver injury or any indication of any 
dose-dependency in this regard. Of course, the toxic doses of caffeine administered only confound interpretation 
further. It is likely that the modest, discordant and inconsistent elevations in ALT/AST were from non-hepatic sources 
or due to multi-organ caffeine (and potentially yohimbine) toxicity due to the excessive doses used in the animals.

Incorrect claims regarding effects upon gene expression: Miousse, et al., the next attempt to evaluate the 
hepatotoxicity of OEP-NF by using gene expression assays. However, as it has been pointed out by Chen, et al., gene 
expression assays are not a reliable method for determining potential hepatotoxicity, noting that: “Additionally, the 
transcriptomic approaches have been for endpoints not necessarily relevant to DILI, that is, the measured altered 
gene expression might or might not be associated with mechanisms involving hepatocellular injury” [100].

Ahktar similarly points out that humans and mice differ dramatically in gene expression in the liver stating: “Wide 
differences have also become apparent in the regulation of the same genes, a point that is readily seen when 
observing differences between human and mouse livers. Consistent phenotypes (observable physical or biochemical 
characteristics) are rarely obtained by modification of the same gene, even among different strains of mice.  Gene 
regulation can substantially differ among species and may be as important” [2].

As it will be shown here, the reliability of these assays as indicators of hepatotoxicity is questionable when extrapolating 
from animals to humans as the directional changes may be reversed and as importantly, as Ahktar notes the resultant 
phenotypes are rarely consistent between species or even between strains of mice [2]. Miousse, et al., attempt to imply 
that any change in gene expression indicates that hepatotoxicity is occurring and that it is relevant to humans, which 
is misleading [5]. First, Miousse, et al., address the fact that cluster of differentiation 36 or CD36 was up-regulated in 
the CD-1 and B6C3F1 mice, referencing a study where CD36 has been shown to inhibit hepatic lipid accumulation 
[5,101]. Miousse, et al., further state that in the same study, the down-regulation of CD36 was responsible for a 
hepatoprotective effect [5,101], effectively arguing that an increase in CD36 is an indicator of hepatotoxicity and that 
this supposed paradoxical effect between the Zheng, et al., study and what occurred in the mice given the OEP-NF 
formula is a clear sign that multi-ingredient formulas can have drastically different effects compared to their single 
components [5,101]. Unfortunately, Miousse, et al., neglect to consider that the Zheng, et al., study was conducted in 
zebrafish larvae, which are not even mammals [101]. Furthermore, the authors ignore the fact that CD36 has already 
been shown in mammals such as mice and humans to be up-regulated in response to caffeine and exercise as well as 
in HepG2 cells, with CD36 likely playing a role in the fatty acid oxidation seen after caffeine administration [102-
105]. Thus, confirming the warnings of others, and contrary to what the author’s claim, the increase in CD36 in mice 
after being given a supplement containing caffeine, which was also designed to increase fatty acid oxidation, is not 
surprising nor an indication of hepatotoxic potential in humans [100]. 

The authors also note that mice given OEP-NF showed increased expression of thioredoxin reductase 1 (TXNRD1) and 
NAD(P)H quinone dehydrogenase I (NQO1); these are known protective antioxidant enzymes which are increased in 
response to foods such as broccoli and other cruciferous vegetables as well as fruits [106-111]. In essence, the authors 
attempt to conflate mere changes in the expression of these genes with toxicity, while neglecting to mention that the 
directional changes associated with liver toxicity are overwhelmingly in the opposite direction as that seen with OEP-
NF, while further neglecting to address that at least some of these changes are known to occur with hepatoprotective 
substances.

The authors also cite a study by Choi, et al., which showed that berberine increased CD36 expression which was 
tied to hepatic steatosis [112]. The Choi, et al., the study is irrelevant for several reasons. First, as noted previously, 
caffeine alone has been shown to increase CD36 in human liver cells [112]. Second, the study cited by Miousse et, al., 
concerns berberine potentially causing steatosis in rodents [5]. However, steatosis is fatty accumulation in the liver 
which is not the same as hepatocellular injury (i.e., what is claimed to have happened in cases of OEP-NF associated 
hepatotoxicity); in fact, despite the elevation of CD36 in the mice given berberine in the study cited, there were 
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no actual indications of liver injury as ALT, GGT and bilirubin remained unchanged, while AST which increased, 
remained within the normal range, indicating that the increase was likely from an organ other than the liver [112]. 
Interestingly, the authors of the Choi, et al., study, seem to take note of several issues which should have been 
noticed by Miousse, et al., in their own study, including depressed bodyweight’s effect upon the liver to body weight 
ratio and an extrahepatic rise in transaminase [5,112].

Even without considering the above, the authors’ citation of this study showing berberine induces CD36 expression in 
mice, actually undermines their argument. For example, if berberine’s increase in CD36 were, in fact, a hepatotoxic 
modulation, one should then very easily find cases of berberine-induced hepatotoxicity. To the contrary, despite 
berberine’s use in China for centuries, there are no reports of berberine causing hepatocellular injury in humans 
in the scientific literature. Rather, berberine has been given to humans with preexisting liver injury and not only 
failed to cause harm but was actually determined by the authors to have improved liver function by reducing ALT 
and AST values [113]. In addition, there are dozens of published papers demonstrating that berberine is actually 
hepatoprotective; in fact, it has even outperformed silymarin (a compound often used to treat xenobiotic-induced liver 
toxicity) and n-acetyl l-cysteine (NAC; a gold-standard treatment for acetaminophen toxicity) [114-117]. In the case 
of NAC, berberine actually produced greater hepatoprotective effects in rodents given acetaminophen [117].

Additionally, to show the incongruent nature of such arguments by Miousse, et al., a study in humans has actually 
evaluated the effect of berberine for its ability to treat fatty liver or steatosis (NAFLD or nonalcoholic fatty liver disease) 
and found that it lowered the hepatic fat content of the liver more than a standard treatment [5,118]. Furthermore, a 
meta-analysis which examined all of the published studies in humans evaluating the effect of berberine upon fatty 
liver in humans showed that it, in fact, reduced hepatic fat, not increased it [119]. Thus, while Miousse, et al., error by 
citing the Choi, et al., study for multiple reasons mentioned; human data yet again corroborate the warnings of others 
showing effects in mice which fail to translate to humans and in fact, show just the opposite, with berberine being used 
successfully as a treatment for hepatic steatosis [2,5,100,112].

Miousse, et al., cite studies which they claim support the notion that increased NQO1, a well-established antioxidant, 
and cytoprotective enzyme, is an indicator of liver damage [5]. The first study they reference is Aleksunes, et al., which 
did indeed find that NQO1 was increased in human livers that were damaged by acetaminophen [120]. However, the 
authors are citing studies in humans and conflating them with the results found in mice which have shown with 
berberine and CD36, is an ill-founded approach and corroborates the warnings of others when interpreting such data in 
mice and applying it to humans [2,100]. Most importantly, the authors miss a critical point; OEP-NF did not increase 
NQO1 in humans, rather, the study by Miousse, et al., was conducted in mice [5]. In mice and rodents in general, 
NQO1 is increased in liver tissue in response to healthful foods like cruciferous vegetables such as broccoli, fruit 
and vegetable juice, garlic and onions, the dietary ingredient curcumin, resveratrol, lycopene, astaxanthin, blueberry 
extract and black currant [109-111,121,122-124]. NQO1 is in fact, considered an antioxidant enzyme which is thought 
to be responsible for the cancer preventative effects seen with foods such as cruciferous vegetables.

Miousse, et al., cite a paper from Palming, et al., erroneously claiming that they report elevated levels of NQO1 
in the liver correlating with the clinical markers of liver dysfunction [5,125]. However, Palming, et al., measured 
NQO1 expression, not in liver tissue, but subcutaneous fat, thus it is of questionable relevance [125]. Furthermore, 
OEP-NF increased NQO1 in mice, not humans, thus logically; one should look to mice for examples of what 
increased NQO1 causes. For example, in mice, the known hepatotoxic drug, acetaminophen decreased NQO1, while 
the antioxidant and dietary ingredient, quercetin, increased NQO1, causing a hepatoprotective effect which was at 
least in part, mediated by the restoration of the NQO1 [126]. If NQO1 is increased by non-hepatotoxic and in fact, 
hepatoprotective substances in mice and it is decreased by known hepatotoxicants, one might rightfully point out that 
OEP-NF, if anything, shows evidence of a hepatoprotective effect, not hepatotoxicity. This is consistent not only with 
the ingredients such as aegeline [8] but the anti-oxidative effects shown by Zovico, et al., in rats given OEP [127]. 
Nonetheless, just as the case of the berberine study, the type of liver dysfunction discussed in the Palming et al. [125] 
paper was hepatic steatosis or fatty liver, which is a complication seen in human obesity. Fatty liver is in no way 
the same as hepatocellular injury as seen in cases of HILI/DILI; not a single case of alleged harm from OEP-NF in 
humans has been a case of the induced fatty liver.

The authors also mention that OEP-NF affected fructose-bisphosphate aldolase (ALDOA); that is, it was increased. 
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However, interestingly, ALDOA expression was shown to decrease in CD-1 mice administered the triazole fungicides 
which Miousse, et al., reference when claiming an apparent association between CD36 and hepatotoxicity [5,128]. 
Thus, OEP-NF had the opposite effect of those fungicides. Other examples which actually show the opposite of what 
the authors claim can be found by looking at MLX interacting protein-like (Mlxipl) and Cell Division Cycle 14B 
(Cdc14b), which have been shown to decrease in the livers of mice after experiencing necrosis from acetaminophen 
[129]. Conversely, OEP-NF increased expression of these genes [5].

A claimed mechanism which is unsupported: The authors also apparently attempt to indicate that a potential 
mechanism for the supposed hepatotoxicity of OEP-NF is through a biphasic dose-response like that seen with 
substances such as Epigallocatechin gallate (EGCG), where anti-oxidant effects are noted at low doses and pro-oxidant 
doses are seen with higher doses. However, unlike aegeline and the ingredients in OEP-NF, EGCG, in particular, has 
demonstrated toxicity to normal cells as well as the cancerous hepatic cells (HEPG2) in non-MTT based assays, at 
concentrations as little as 100 µmol and has shown dose-dependent indications of hepatotoxicity in animal models 
[8,130-134]. In mice, for example, EGCG was shown to cause hepatotoxicity, producing moderate to severe necrosis 
of the liver while causing well over 100-fold increases in ALT (i.e., 138-184-fold), as opposed to the lack of any noted 
necrosis in the Miousse, et al., study and the inconsistent but moderate (i.e., increases within the normal range, below 
the 2-3x threshold for toxicological significance) increases in ALT and AST [5,133]. Of course, it should also be noted 
once again that Miousse, et al., also administered doses of caffeine alone that were toxic [5]. Unlike the ingredients 
in OEP-NF, EGCG has also been shown to produce pro-oxidative effects at high concentrations, while demonstrating 
the ability to inhibit major antioxidant enzymes in hepatic tissue at toxic doses, while simultaneously activating 
Nrf-2 and at even higher, lethal doses, inhibiting both antioxidant enzymes as well as Nrf-2 [135]. Miousse, et al., 
also apparently indicate that any activation of Nrf-2, if prolonged could lead to hepatic injury [5]. Yet, compounds 
in broccoli, curcumin and the recently FDA-approved drug dimethyl fumarate, are all known Nrf-2 activators which 
have not been shown to cause liver toxicity, to the contrary a broccoli extract has shown success in treating liver 
dysfunction in humans, while curcumin has been used to treat non-alcoholic fatty liver disease in humans [136-145]. 
Furthermore, coffee and even caffeine itself at 15 mg/kg were shown in rats to activate Nrf-2 as well [146,147]. Thus, 
the activation of Nrf-2 and its potential role in liver protection versus liver toxicity may depend at least to some extent 
upon how it is activated and the toxicity of the molecule targeting Nrf-2, either directly or indirectly.

Oddly, the authors also comment that the OEP-NF did not cause weight loss, however, in animals that are growing 
in bodyweight as evidenced from the control group weight gain; the reduction in weight gain is typically noted with 
agents that may help with weight loss [43].

CONCLUSION

In summary, the Miousse, et al., the study is replete with numerous design and interpretational errors by the authors. 
The authors performed inappropriate dose extrapolation of caffeine and likely yohimbine as well and didn’t follow 
basic guidelines for assessing toxicity and hepatotoxicity in animal models while failing to provide evidence for actual 
toxic effects upon the liver. More careful and appropriate study design, methodology and adherence to basic and 
accepted practices for study design and interpretation would prevent such occurrences.
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