
Toxicology Reports 1 (2014) 843–857

Contents lists available at ScienceDirect

Toxicology  Reports

journa l h om epa ge: www.elsev ier .com/ locate / toxrep

Cytoprotection  by  omega-3  fatty  acids  as  a  therapeutic  drug
vehicle  when  combined  with  nephrotoxic  drugs  in  an
intravenous  emulsion:  Effects  on  intraglomerular  mesangial
cells

Gabriel  Alejandro  Bonaterraa,∗,  Florian  Wakenhutb, Doris  Röthleinb,
Martin  Wolfb, Bruce  Ryan  Bistrianc,  David  Driscolld,e,  Ralf  Kinscherfa

a Anatomy and Cell Biology, Department of Medical Cell Biology, University of Marburg, Robert-Koch-Str. 8, 35032 Marburg, Germany
b B. Braun Melsungen AG, Hospital Care Division, Am Schwerzelshof, 34212 Melsungen, Germany
c Beth Israel Deaconess medical Center, Harvard Medical School, 1 Deaconess Road, Boston, MA 02215, USA
d Stable Solutions LLC, Easton Industrial Park, 19 Norfolk Avenue, South Easton, MA 02375, USA
e University of Massachusetts Medical School, Worcester, MA 01655, USA

a  r  t  i c  l  e  i  n  f  o

Article history:
Received 20 February 2014
Received in revised form 18 August 2014
Accepted 10 October 2014
Available online 22 October 2014

Keywords:
Omega-3 fatty acids
Cytoprotection
Nephrotoxic  drugs
Ketorolac
Gentamicin
Intraglomerular mesangial cells

a  b  s  t  r  a  c  t

During  therapeutic  interventions,  blood  concentrations  of  intravenously  applied  drugs  are
higher, and  their  onset  of  pharmacological  action is faster  than  with  other  routes  of  drug
administration.  However,  acute  drug  therapy  often  produces  nephrotoxic  side  effects,  as
commonly  seen  after treatment  with  Ketorolac  or  Gentamicin  leading  to  questions  about
their use,  especially  for patients  at risk  for acute  renal  failure.  Omega-6(n-6)  and  omega-
3(n-3)  polyunsaturated  fatty  acids  (PUFA)  affect  eicosanoid  metabolism,  which  plays  a
role in  the  regulation  of inflammation.  Eicosanoids  derived  from  n-6 FA  have  proinflam-
matory  and  immunoactive  functions,  whereas  eicosanoids  derived  from  n-3  PUFA  have
anti-inflammatory  and  cytoprotective  properties.  We  hypothesized  that  providing  such
injectable  drugs  with  nephrotoxic  potential  in  combination  with  n3-PUFAs  from  the outset,
might afford  rapid cytoprotection  of  renal  cells,  given  the  recent  evidence  that  intra-
venously  administered  n3-PUFAs  are  rapidly  incorporated  into  cell  membranes.  We  used
intraglomerular  mesangial  cells  (MES13)  that  are  sensitive  to treatment  with  Ketorolac  or
Gentamicin  instead  of  proximal  tubular  cells  which  do not  respond  to Ketorolac.  We  found
a significant  inhibition  of  Ketorolac  (0.25,  0.5, 1 mM)  or Gentamicin  (2.5,  5 mM)  induced
cytotoxicity  after  pretreatment  of  MES13  cells  with  0.01%  of  20%w/v  LipOmega-3  Emul-
sion 9/1,  containing  90:10  wt/wt  mixture  of  fish  oil derived  triglycerides  to medium  chain
triglycerides.
© 2014  The  Authors.  Published  by  Elsevier  Ireland  Ltd. This  is  an  open  access  article  under
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1. Introduction

The underlying toxicity of many drugs to vital organs
of  the body is often a result of localized ischemia which
triggers a series of complex biochemical events related
to  hypoxia, inflammation, and with the potential for sub-
sequent  oxidative stress with reperfusion, all of which
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induce cellular damage. This is particularly true in the
critically ill patient in the intensive care unit with an inef-
fective  circulating blood volume (e.g., mean arterial blood
pressure < 60 mmHg) causing moderate to severe hypoper-
fusion  to vital organs such as the kidney, producing acute
tubular necrosis. In this setting, the likelihood or severity of
acute  kidney injury (AKI) can be aggravated by the concur-
rent  administration of injectable nephrotoxic drugs, with
mortality  rates from acute renal failure ranging from 25 to
64%  [21].

Thus, the combined impact of ischemic insult to aerobic
tissues, from both disease(s) and drug(s), greatly accentu-
ates  the potential for damage to vital organs in the critically
ill.  During ischemia, oxygen, as well as other vital nutrients
become limiting to dependent tissues such as the kidneys,
causing mitochondrial dysfunction [4]. Blood flow to the
kidneys  as a fraction of the total cardiac output is approx-
imately 20% [11]. Thus, even limited reductions in normal
blood  flow to the kidneys resulting from a compromised
circulating blood volume as described above, can have dev-
astating  consequences for renal tissues, especially during
the  concomitant intravenous administration of nephro-
toxic  drugs in full therapeutic doses.

Polyunsaturated omega-3 or n-3 fatty acids (n3-PUFAs),
such as eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) from fish oil triglycerides, have been shown to
mitigate  the nephrotoxic effects of cyclosporine A in an
experimental animal model [9]. Animals were pre-fed via
gastric  lavage for 14 days prior to nephrotoxic drug expo-
sure  in order to obtain sufficient incorporation of n3-PUFAs
into  plasma cell membranes to exert their cytoprotec-
tive effects. Although this approach would seem viable
in  patients receiving such therapy in the long-term set-
ting  (e.g., lifelong immunosuppression with cyclosporine
A for organ transplantation), the requisite time course for
pre-treatment with n3-PUFAs in the acute care setting in
patients  with, for example, life-threatening blood infec-
tions,  or, for acute postoperative pain, is not achievable.
That is, acute drug therapy is often vital with a potential
nephrotoxin given intravenously to achieve higher con-
centrations more rapidly and completely than achievable
with oral administration in order to improve therapeu-
tic efficacy, which also increases the potential for adverse
renal  effects that are generally related to drug levels.
However, we hypothesize that providing such injectable
drugs in combination with n3-PUFAs from the outset,
may  afford rapid cytoprotection of renal cells, especially
in  light of recent evidence that intravenously adminis-
tered n3-PUFAs are rapidly incorporated into plasma cell
membranes within 1 h of infusion after a single dose [6].
Once  incorporated into cell membranes, a key step to exert
cytoprotection, n3-FAs dramatically modulate the body’s
response to inflammation, oxidative stress, ischemia and
immune  function through several downstream bioactive
mediators, (e.g., cytokines, prostaglandins, thromboxanes,
leukotrienes, resolvins, protectins, etc.) [2].

The purpose of this investigation was to study the
potential cytoprotective effects of omega-3 fatty acids
against known nephrotoxic drugs in an in vitro murine
intraglomerular mesangial cell model to establish proof of
concept.  The combination of “cytoprotective excipients”

with selected nephrotoxic drugs constitutes a unique
opportunity for potentially safer intravenous therapy in the
acute  care setting, where the inclusion of omega-3 fatty
acids  could also serve as a secondary supportive, but impor-
tant,  active pharmaceutical ingredient, to form a novel
therapeutic drug vehicle.

2.  Material and methods

At  the outset, SV 40-transformed mouse mesangial cells,
MES  13 (CRL-1927TM; purchased from the American Type
Culture Collection [ATCC-LGC Standards GmbH], Wesel,
Germany) were used.

The  selection of these cells, as opposed to proximal
tubule cells typically associated with renal tubular dam-
age,  was  based on observations that nephrotoxicity from
drugs  such as Gentamicin is related to their direct effect
(proliferation and apoptosis) on cultured mesangial cells
[20]  In contrast to MES13, the HK-2, an immortalized prox-
imal  tubule epithelial cell line from normal adult human
kidney have not shown any response after treatment with
Ketorolac (not shown). Thus, we  chose to study MES13 and
two  nephrotoxins typically given by intravenous adminis-
tration in the ICU setting: The potent analgesic, Ketorolac,
and the aminoglycoside antibiotic, Gentamicin.

2.1. Cell lines and culture conditions

The MES  13 cells were cultured in ATCC complete
growth medium: the basic medium for these cell lines
is  a 3:1 mixture of ATCC-formulated Dulbecco’s Modified
Eagle’s Medium [ATCC (DMEM)], and Ham’s F12 medium
(PAA  Laboratories GmbH, Cölbe, Germany) with 14 mM
HEPES,  supplemented with 5% fetal bovine serum (FBS),
100  U/ml penicillin, 0.1 mg/ml  streptomycin. Under these
culture  conditions the MES  13 retained many of the dif-
ferentiated characteristics of mesangial cells. Cells were
maintained at 37 ◦C in a humidified atmosphere of 5% CO2
and 95% air; the medium was changed every 48 h.

2.2.  Substances under test

2.2.1. The control emulsions
20%w/v Lipofundin N, containing 20% soybean oil only

triglycerides, Lot No 111258082.

2.2.2.  The test emulsions
20%w/v LipOmega-3 Emulsion 5/5, containing

50:50wt/wt mixtures of fish oil (FO) derived triglyceri-
des and (MCTs), solution number 356. Lot No 11182049,
20%w/v LipOmega-3 Emulsion 7/3, containing 70:30wt/wt
mixtures of fish oil (FO) derived triglycerides and medium
chain  triglycerides (MCTs), respectively, solution number
358.  Lot No 11182050; 20%w/v LipOmega-3 Emulsion 9/1,
containing 90:10wt/wt mixtures of fish oil (FO) derived
triglycerides and medium chain triglycerides (MCTs),
respectively, solution number 359. Lot No 11202049. All
lipid  emulsions by B. Braun Melsungen AG, Melsungen,
Germany.

The fish oil used in all 3 fish oil-containing emulsions
tested is highly enriched, and we have data on this oil from
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