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Abstract. Despite major advances in neuroscience, many potential therapeutic agents are denied
access to the central nervous system because of the existence of the blood-brain barrier. The current
challenge is to develop strategies that will allow the transport of therapeutic drugs into the brain in a
safe and effective manner. During the last decade, several cell-penetrating peptides have been
described, such as SynB vectors, penetratin and Tat that allow the intracellular delivery of polar,
biologically active compounds. These small peptides possess multiple positive charges and have the
ability to interact with lipid membrane and to adopt a significant secondary structure upon binding to
lipids. An even more difficult task for these peptides is to deliver hydrophilic molecules across the
blood-brain barrier. SynB vectors have been successfully applied to brain delivery of various drugs
including anticancer agents such as doxorubicin, antibiotics and other molecules such as drug-like
peptide dalargin across the BBB. In this review article, we review the evidence that SynB vectors and
some other vectors can be used both to deliver therapeutic compounds to the brain and to treat
models of disease such as pain. © 2005 Elsevier B.V. All rights reserved.
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1. Introduction
Brain delivery is one of the major challenges for the neuropharmaceutical industry
since increasing the number of hydrophilic therapeutic agents, such as anticancer drugs,
antibiotics, and antiviral drugs are frequently unable to cross the blood-brain barrier
(BBB). The BBB poses a formidable obstacle when attempting to deliver drags to the
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brain. As new drugs for neurological disorders are discovered, new delivery techniques
will have to be developed in concert to overcome this transport barrier. While researchers
have devised many ingenious approaches that avoid, disrupt or exploit the BBB's
specialized transport mechanisms, many of these continue to have significant drawbacks.
Non-invasive methods that exploit the formation of chimeric peptide or protein-drag
conjugates as carriers have been developed. Such methods rely on the presence of specific
receptor-mediated transport systems in the BBB, for example insulin, transform and
melanotransferrin coupling of a non-transportable drug (peptide or protein) to an antireceptor antibody or other receptor-specific molecule, results in a chimeric construct that
can undergo receptor-mediated transcytosis [1—3]. Drug carriers such as liposomes [4] and
nanoparticles [5,6] have also been used for brain delivery. Despite these developments,
there is still a need to develop non-invasive methods which promote the passage of
inherently non-penetrating drugs through the intact brain blood vessel endothelium.
Recently, we have shown that small peptide vectors, derived from natural peptides
called protegrins, can be used to enhance brain uptake of doxorabicin, penicillin and
dalargin [7-9]. The potential of this approach as an effective delivery system for
transporting drugs across the BBB has been demonstrated in a number of animal models.
The mechanism by which these vectorized drugs cross into the brain has been shown to be
an adsorptive-mediated endocytosis process [10].
This review will address the use and mechanism of transport of cell-penetrating
peptides for the delivery of molecules across complex physiological barriers, with a focus
on the use of SynB vectors for the potential transport of drugs across the BBB.
2. Cell-penetrating peptides
The initial discovery of cell-penetrating peptides (CPPs) originated from the
unexpected observation that certain proteins or part of their domains can translocate
across the plasma membrane. This was first shown for the HIV Tat trans activator and for
the homeodomain of the transcription factor Antennapedia. This observation has since
expanded to include other peptides that share this property even if they do not derive from
proteins.
Penetratin, a short peptide segment, corresponding to the third helix of the
homeodomain of the Antennapedia protein was shown to penetrate into various cells
[11—13]. Additional studies showed that analogues of penetratin corresponding to its
enantio-(43-58 all D) or retro-inverso form (58^13) penetrated as efficiently as the parent
peptide, suggesting that penetratin translocates through cell membranes without binding to
a stereospecific receptor and by a non-endocytotic pathway [14-16].
As found for the homeoproteins, the transcription factor Tat, involved in the replication
cycle of human immuno-deficiency virus (HIV), was demonstrated to penetrate into cells
[17]. Many Tat-derived short peptides have been shown to translocate into the interior of
different cell types [18-20]. Although penetratin and Tat have been extensively used as
carriers for relatively small cargoes (e.g. peptides and oligonucleotides), Tat has been the
predominant vector used in the delivery of large molecules (e.g. proteins).
SynB vectors are a new family of vectors derived from the antimicrobial peptide
protegrin 1 (PG-1), an 18-amino-acid peptide originally isolated from porcine leukocytes
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[21]. The peptide has a p-hairpin structure in which 2 antiparallel strands linked by a (5turn are stabilized by 2 disulfide bridges [22]. Since it has been shown that the pore
formation capability of PG-1 depends on its cyclization [22], researchers have designed
various linear analogues of PG-1 that lack the cysteine residues. These linear peptides
(SynB vectors) are able to interact with the cell surface and cross the plasma membrane
without their membrane-disrupting activity. Furthermore, the internalization of these
peptide vectors into cells does not appear to depend on a chiral receptor, since the Denantio form penetrates as efficiently as the parent peptide (L-form), and retro-inverso
sequences exhibit identical penetrating activity. The linear analogues were the starting
point for developing a new potent strategy for drug delivery across complex biological
membranes such as the BBB.
A number of other cell-penetrating peptides that do not derive from natural proteins
have been described, such as, for example, transportan [23,24] the model amphipathic
peptide (MAP) [25,26] and various signal sequence-based peptides [27,28] and
homoarginine vectors [29]. As observed with penetratin, the unconventional internalization of these peptides seems to be neither saturable nor dependent on the cell type and
could be related to their lipid-binding capacity. As far as the homoarginine peptides are
concerned, they have also been described as entering into cells by an energy-dependent
non-endocytic process [29].
3. Brain delivery
As described earlier, the BBB poses a formidable obstacle to drug therapy for the CNS.
The fact that a peptide vector is internalized inside the cell does not guarantee that it will
cross the BBB. The BBB is more complex than a simple cell layer; it comprises a
specialized endothelium (compared with that of other blood vessels) associated with
pericytes and astrocyte foot processes, which together elaborate a cellular barrier
containing an efficient system of tight junctions. Despite this complexity, we have
demonstrated that SynB peptide vectors can enhance the delivery of various therapeutic
drugs across the BBB.
In one study, we assessed the efficacy of SynB vectors to enhance the brain uptake of
the anticancer agent doxorubicin. Doxorabicin was conjugated to SynB vectors via a
chemical linker (succinate), and its ability to cross the BBB was studied using in situ
cerebral perfusion in rats and mice [7,10]. This chemical linking of doxorubicin to SynB
vectors significantly enhanced its brain uptake in all the grey areas assessed without
compromising BBB integrity. The amount of vectorized doxorubicin that was delivered to
the brain parenchyma (shown after applying the capillary depletion method) was about 20to 50-fold higher than for free doxorubicin, depending on the vector used. Interestingly, we
also observed that SynB vectorized doxorubicin and paclitaxel bypass the P-glycoprotein
(P-gp) that has been shown to be present in the luminal membrane of the BBB endothelial
cells [30,31]. This 170-kDa ATP-dependent efflux pump, because of its unidirectional
orientation from brain to blood, restricts the brain entrance, or increases the brain
clearance, of a broad number of therapeutic compounds, including cytotoxic drugs [32,33].
Other experiments, carried out in vitro using resistant cells, have confirmed that vectorized
doxorubicin bypasses P-gp and enhances its potency in those cells [30].
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As a comparison, we have also conjugated doxorubicin to D-penetratin and assessed its
brain uptake by in situ brain perfusion. Although a 5- to 7-fold enhancement in brain
uptake was observed, the brain vascular volumes were 2-fold larger than those observed
with the SynB vectors, suggesting an opening of tight junctions [7].
The ability of SynB vectors to enhance the brain uptake of doxorubicin was also
assessed after intravenous injection of vectorized doxorubicin into mice. The tissue and
plasma distribution of doxorubicin were dramatically modified when the drug was
vectorized. The brain concentrations were higher for vectorized doxorubicin compared to
free doxorubicin [7]. Interestingly, vectorized doxorubicin shows significantly lower levels
in the heart; strongly suggesting that cardiotoxiciry—the main side effect of doxorubicin—
could be reduced using this strategy.
The use of SynB vectors has also been successfully applied to brain delivery of drugs
like peptide molecules. Dalargin is a hexapeptide analog of Leu-enkephalin containing DAla in the second position and an additional C-terminal arginine. These modifications
modulate the stability of dalargin in the blood stream and brain, while at the same time
modifying to some extent its receptor selectivity. While the intracerebroventricular
injection of this peptide has been shown to induce analgesic action, its systemic
administration shows no activity in central analgesic mechanisms [34]. This is mainly due
to a poor transport of dalargin across the BBB. Our rationale was to attach dalargin to
SynB peptides as a vehicle for delivery of dalargin to the sites of endogenous opioid
receptors in the brain. Dalargin was conjugated to the SynB vectors via a linker containing
a disulfide bond. The disulfide-based linker system has been shown to be stable in plasma
for several hours although labile in brain [35].
The results obtained in our study indicate that SynB vectors are able to increase the
threshold in nociceptive assays involving acute stimuli in mice, such as the hot-plate
model [9]. This model has been interpreted to require the activation of supraspinal
mechanisms to inhibit a behavioural response. This reveals that the analgesic effects we
have observed are probably mediated by central mechanisms supported by the observation
that, using in situ brain perfusion, dalargin conjugates are able to enter into the brain while
free dalargin is not. In addition, we have shown that vectorized dalargin is able to bind to p,
opiate receptors. The enhancement in the analgesic effect was significant for about 30 min.
At later time-points, the activity of vectorized dalargin return to baseline. Interestingly,
Schroeder et al. [36] using the nanoparticle strategy have observed the same kinetics of
analgesia for dalargin.
In a recent pharmacological application focused on pain management, we have coupled
morphine-6-p-glucuronide (M6G) to SynB3 vector. M6G is an active metabolite of
morphine and was chosen because it has been reported to be more potent than morphine
after central administration [37-39], As the affinity of both substances for the LI receptors
has been reported to be similar, a possible explanation for this observation could involve
differences in the permeability of the BBB to M6G. In fact, several reports have indicated
a significant lower BBB permeability to M6G by systemic administration, in comparison
to morphine [40,41].
Our study shows that SynB3 enhances significantly the brain uptake of M6G as
measured by the in situ brain perfusion in mice. Vectorization of M6G with the SynB3
vector resulted in a significant enhancement in the analgesic effect of M6G using the tail
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Fig 1 X-fold increase of the blood—brain barrier uptake of several SynB-vectonzed compounds compared to the
free drug by the in situ brain perfusion technique in rodents

flick and hot-plate tests in mice. The ratio of the antinociceptive ED50 of M6G and
morphine over vectorized M6G was approximately 3 and 4 respectively on a molar basis.
This indicates that vectorization leads not only to improvement of brain uptake but also to
an enhancement in the antinociceptive activity of M6G.
Fig. 1 summarizes the fold enhancement obtained with various drags coupled to SynB
vectors by the hi situ brain perfusion in rats and mice. In all cases, the amount of
vectorized drug that was delivered to the brain parenchyma was about 7- to 50-fold higher
than that of free drug.
Tat peptide was also used for brain delivery of proteins; but in all cases the construct
was made by fusion protein. Schwarze et al. [42], fused |3-galactosidase to Tat peptide and
assessed the tissue distribution after intraperitoneal injection in mice. (5-Gal activity was
strongest in the perfused tissues such as liver, kidney and lung and, significantly, could
cross the BBB and be found in the cell body layers of the brain. The fusion protein did not
disrupt the BBB as assayed by co-injection with Evan's blue dye.
Subsequent to this study, various groups have used this strategy to deliver other
proteins [43^t5]. For example, Cao et al. [43] used this strategy to transport Bcl-xL. BclxL is a well-characterized death-suppressing molecule of the Bcl-2 family. Bcl-xL is
expressed adult neurons of the CNS and may play a critical role in preventing neuronal
apoptosis that occurs during brain development or results from diverse pathologic stimuli,
including cerebral ischemia. Bcl-xL was fused to Tat and injected intraperitoneally into
murine model of stroke. Administration of the fused protein decreased cerebral infarction
in a dose-dependent manner and attenuated ischemia-induced caspase-3 activation in
ischemic neurons [43]. These results were corroborated by another study in which
intravenous administration [10 min infusion] of Tat-Bcl-xL reduces infarct volume and
neurological deficits after long ischemic insults lasting 90 min [44].
4. Mechanism of brain uptake
We have shown by in situ brain perfusion studies, a technique allowing a first-pass
BBB exposure, that the internalization of Dox-SynB is a saturable process [10]. The
measured Km, which was in the range of 4—9 )^M, compares well with the values observed
for substrates reported to be taken up by adsorptive-mediated endocytosis. Furthermore,
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no difference in brain uptake was seen between doxorubicin linked to L-SynB vectors,
indicating that a stereospecific receptor is not a requirement for its brain transport. In
addition, we have reported that the passage of peptides can be inhibited in a competitive
manner by polycationic molecules such as poly(L)lysine or protamine, which act as
endocytosis inhibitors. These observations suggest that the crossing of BBB by SynB
vectors is via an energy-dependent adsorptive-medicated endocytosis mechanism [10].
It is known that at physiological pH values the luminal surface of the brain endothelium
presents an overall negative charge (due in part to significant sialylation) and thus creates
an environment more selective to positively charges substances [46,47]. The SynB
peptides are positively charged. This net positive charge is likely to play a key role in the
adsorptive-mediated endocytosis process wherein electrostatic interactions of the peptide
vector with the surface of endothelial cells may mediate surface binding and subsequent
internalization of the peptide vectors into the brain capillaries.
For the transcytosis of peptides through the BBB, three steps have been proposed: 1)
binding and internalization at the luminal side of endothelial cell membrane; 2) diffusion
through the cytoplasm of endothelial cells; and 3) externalization at the basolateral side of
endothelial cells [48], The main components of the basal membrane are type IV collagen,
fibronectin, laminins, chondroitin, and heparan sulphate from glycosaminoglycans. The
most abundant component, type IV collagen, polymerizes with laminin and fibronectin
proteins via protein binding domains such as integrin and lectin receptors [49]. These
components not only provide a mechanical supporting structure for the capillary wall, they
are also important as a negatively charged barrier arising from the chondroitin and heparan
sulfate residues, in addition to the anionic properties of the luminal and abluminal
membranes of the endothelial cells [50] (Fig. 2).
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Our results suggest that adsoiptive-mediated endocytosis occurs at least at the
luminal side of brain capillaries. The similarity in behaviour observed for the peptide
vectors studied suggests that the externalization at the abluminal side of endothelial
cells may also be via a receptor-independent mechanism. However, since endocytosis
inhibitors have only been tested at the luminal side of the endothelial cells, we
cannot rule out that a different mechanism may be involved in the externalization
step.
Fig. 3 illustrates the improvement in the brain uptake of doxorubicin and dalargin
following their vectorization by the peptide vectors. When looking at the classical
relation between the BBB permeability versus the octanol—water partition, both drugs
show a very weak permeability despite their relative lipophilicity. The efflux from the
brain endothelial cells to the blood compartment mediated by P-gp is one of the reasons
for this poor brain uptake. According to the classical rules predicting that small molecular
weight and lipophilic compounds can cross the BBB, their coupling to the peptide
vectors, which increase the molecular weight [dox: 544 Da; Dox-D-penetratin: 3027 Da;
Dox-SynBl: 2724 Da; dalargin: 726 Da; Dal-SynBl: 2970 Da], and markedly renders
them hydrophilic should be unfavourable to an increased BBB permeability. In fact, as
shown in Fig. 3, both vectorized constructs have an improved brain uptake, which is
larger than the expected values given by the fitted line for compounds crossing BBB by
single passive diffusion. This new type of vectorization of drugs using a peptide-mediated
strategy tends to be localized in the same area as for hydrophobic compounds entering
the brain by carrier-mediated transport. In fact, if their brain uptake mechanism at the
BBB level does not imply an active transport process, it results, however, in a very
efficient brain delivery.
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Fig. 3. Relation between log D octanol/buffer pH: 7.4 and blood-brain barrier permeability as determined with in
situ brain perfusion technique for free and vectorized compounds (m free doxorubicin; 9 doxorubicin-Dpenetratin; 4 doxorubicin-Syn Bl; D free dalargin; O dalargin-Syn Bl). The solid line represents the fitted
relationship for compounds crossing the blood—brain barrier by only passive diffusion.
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5. Conclusion
Biological membranes pose a formidable obstacle to therapy with large or hydrophilic
drugs. As new drugs for neurological and other disorders are discovered, new delivery
techniques will have to be developed in concert to overcome this transport obstacle. As
rapid advances in cell and molecular biology lead to a proliferation of potent molecules
that cannot be effectively delivered into cells and brain by conventional means, continuing
refinement of the new delivery methods will be essential to realizing the potential of these
molecular drugs. The use of peptide vectors as a delivery system represents a novel and
promising approach. The development of these cell-penetrating peptides will not only
depends on the efficiency with which they cross the cell membrane but also on their safety,
pharmacokinetic and biodistribution profiles. The recent results obtained both in vitro and
in vivo demonstrate that these vectors can successfully transport drugs across the
membranes or many different cell types, and furthermore can traverse the more demanding
BBB. The knowledge already acquired with the various peptide sequences will result in
the design of more efficient peptide vectors.
In conclusion, the use of peptide vectors presents a promising avenue for drug delivery
development. Their small size, rapid uptake, ease of drug attachment, and versatility in the
range of molecules that they can deliver, provide a new approach to develop new drags for
the treatment of CNS diseases.
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Discussion
Smith
Could you tell me a little bit more about the linkers used in the formation of your agents
and are they critical for the drug then to be cleaved off from the peptide and which are good
linkers and which are not? Also, I was fascinated in your presentation by the demonstration
of saturable BBB transport for your Pep:Trans drug system. Would cationic compounds in
the plasma, or cationic drugs, possibly compete in some mechanism with this, or might
these compounds bind to a limited extent to plasma proteins like alpha acid glycoprotein?
Schernnann
I cannot tell you a lot about the linker because it's a confidential property of the
SYNT:EM strategy, and it's a critical issue, but I can say that we are very surprised in the
field of analgesia because in the in vitro assay on the binding to the opioid receptor we
keep similar affinities using also SynB vectors plus dalargin or morphine-6-glucuronide.
We keep exactly the same type of affinity and sometimes we increase the affinity to the
receptor. We do not know exactly at what level the cleavage occurs. I have also to say that
this application is feasible because we use small amounts of material. We do not need
large amounts of drugs for it to be active. It could be a limitation of this type of strategy if
you need to deliver into the brain several milligrams, for example. We have about ten
different linkers. Concerning your other question, there are a high number of positive
charges on the endothelium, so you are not so limited in terms of capacity of interaction at
the level of membranes.
Smith
Would cationic agents, like choline or imiprarnine, compete and bind to this?
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Scherrmann
No, we have only performed in vivo competition with protamine and also with poly-L
lysine, and we can compete. But you need to use very high amounts of protamine and poly-L
lysine.
Tsuji
My question concerns the tissue distribution behaviour of doxorubicin conjugated to
SynB vector. It's surprisingly brain specific and this distribution mechanism is absorptivemediated endocytosis. Every tissue has a negative charge: then, why choose the brain that
is so high in distribution compared to other tissues? What kind of mechanism underlies
this high distribution?
Scherrmann
We probably have a higher density of negative charges on the brain endothelium than in
any other endothelia in the body, and I think that at this level we have only knowledge
bases upon the works of 1985 and 1989 by Vorbrodt and Washington, respectively about
the negative charges expressed at the level of the BBB, and what the sugars are? Do we
have specific sugars expressed at the BBB? I don't know. I haven't found information in
the literature on this field.
Tsuji
How do these compounds distribute into the erythrocytes? There are negative charges
there.
Scherrmann
I can say that the binding to albumin is important, but the binding or the uptake by
erythrocytes is not so critical. These peptides prefer to distribute to albumin, and albumin
may play a restrictive role in the brain uptake of the compound.
Sugiyama
In one of the slides you show that the Ka value of this conjugate for the opioid receptor
is much lower compared with the morphine-6-glucuronide itself. When you made your in
vivo pharmacological study, comparing the morphine-6-glucuronide and also this
conjugate, there are two possible mechanisms. One is the enhancement of the bloodbrain barrier and the other is the intrinsic enhancement of the activity itself. Do you have
some way to distinguish them?
Scherrmann
It could be related to a stronger binding to the receptor. I don't know. I cannot explain
why, in vitro, we keep the activity of all the compounds. SynB3 plus morphine-6glucuronide is more active in the vitro assays, and also it binds to kappa receptors. When
we use in vivo kappa antagonists they have no effect, so it means that while in vitro it
binds to kappa receptors, in vivo we are not able to displace or see an effect. Just the
contrary to what we saw with the (J, receptor antagonists.
Sugiyama
In one of the slides, you used the so-called capillary depression method. Can that kind
of method be used for such a low molecular weight compound? Originally that method
was used for macromolecules and then I understand the principle, the theory of this
method. But in the case of these small molecules when you deplete the capillary, during
that procedure it is very possible that such highly lipophylic drugs may diffuse into the
medium, so I have been wondering for quite a long time whether this method can be
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used for such a low molecular weight compound. Have you ever examined that
question?
Scherrmann
I agree with you. It's difficult to check the exact recovery of this method applied to
small molecules, but what I can say is that it seems that the process is very rapid at the
level of the BBB. SynB vectors cross in less than 1 or 2 min. It's a very rapid process, so it
means that the compound is going very rapidly into the parenchyma. This it is now very
well supported by pharmacological activity because the onset of action is also very rapid. I
remember that in the first experiments with dalargin we had to decrease the dose of the
conjugated dalargin to SynB by ten or twenty, because all the animals died in a few
minutes following the intravenous administration of the compound at current doses.
Maybe the capillary method is not a good method, but I think that we have now a PK/PD
relationship allowing to say that the conjugate delivery is efficient for acute treatment and
probably to reach very rapidly the target in the brain.
Langedijk
You show incredibly rapid uptake and very rapid clearance. Did you do the same
studies with SynB. Is that also cleared rapidly?
Scherrmann
Yes. Some SynB vectors can be stable; they have a plasma half-life of about 8-10 h.
So, according to the SynB vectors, we may have stability in the plasma of about 30 min
to several hours. It's extremely dependent on the type of peptides. We used SynBl as the
first peptide because if it has a short stability in the plasma, it has a stronger interaction
with the BBB endothelium. What's also very interesting is that there is no crossing of the
gut barrier.
Abbott
I had a question about the charge on the molecules, because your method is very
dependent on the cationic charge and you also implied the gradient of charge through the
endothelium was important. What is the situation in pathology, since in several
neuropathies there are changes in the basal lamina region, in the extracellular matrix,
and maybe also in the glycocalyx of the luminal membrane? Did you look at any animal
models of disease state to test this?
Scherrmann
No. We have also applied this technology to brain tumours, the same models that were
presented in rats or in mice, so we have some efficacy, but studies are still in progress, and
we have observed a good uptake in the brain tumours. I can say that we increase the brain
uptake in tumours more than in the normal parenchyma.
Lemaire
It seems that the SynB project is relatively well advanced. Are toxicology studies still
performed?
Scherrmann
Yes. Acute and mid term toxicological studies have been successfully conducted and
studies in healthy volunteers were approved by the regulatory agency.
Gaillard
I would like to refer to disease models for more literature information on the negative
charge of the endothelium discussed earlier. I've been working a little bit on the blood-
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retina barrier in diabetes, and there's a lot known about the glycocalyx changes there in
diabetes. My question is about the mechanism of uptake, the absorptive mediated
endocytosis. That is normally down-regulated in the blood-brain barrier not to damage
neurons by nonspecific uptake of whatever can be co-transported through that mechanism.
By introducing your factors you are going against that barrier property. Are you not afraid
that although it doesn't change tight junctions, you will get nonspecific leakage in your
barrier, and you may end up with at least late-stage toxicities in the brain which you may
not have found now in your initial studies?
Scherrmann
We have no evidence of brain damage in the parenchyma, and I have to say that this
type of drug delivery project, for example SynBl vector, is not for using it in a long-term
therapy. It's only a project for short-term delivery. The pain project is to use only these
compounds in the acute pain situation, and marketing studies have shown the interest to
develop a very powerful agent that you can use only once and can stay active during, for
example, 24 h. We've a very low risk of respiratory depression, which is very critical in
terms of opioid treatment, using the vectorization of SynlOOl.
Erill
Several very valuable CNS drugs have seen their development arrested recently
because of the toxicity concerns, in particular prolongation of the QT in the electrocardiogram. I wonder whether this technology could circumvent that. Have you ever tested
the possibility of using your technology to decrease the cardiotoxicity of drugs that the
pharmaceutical industry has discarded because of fears of QTC prolongation?
Scherrmann
The problem is that you cannot use this type of conjugate with many products because
you need too much material and it's very costly. First you have to synthetize the peptide
and to bind it to the linker and the drug of interest. You cannot use SynB 1 for compounds
administered, for example, at doses of 100 mg or more every day.

