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ABSTRACT:
In order to increase bioavailability, drugs are administered intravenously. However,
parenteral drugs with low solubility can lead to saturated solutions within the vein and eventually
phlebitis. In order to prevent this, various pharmaceutical techniques can be utilized to increase
the solubility of pareneteral drugs. In this paper, multiple experiments were performed to
increase solubility and test the ability of drugs to precipitate during injection. The solubility of
the naturally occurring drug Resveratrol was increased through the addition of facilitated
hydrotropes. The ability of pH shift and cosolvents to increase solubility is further explored, and
the effects of these are monitored through a new in-vitro device that allows for a visual and
quantitative measurement of drug precipitation in intravenous injections.
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CHAPTER 1: INTRODUCTION
Most drugs when administered must first go through at least one of the body’s external
barriers such as skin and mucus membranes before they can produce a systemic effect. This
causes low bioavailability for the drug formulation and leads to a less effective delivery method.
Intravenous (or IV) drug delivery provides a faster and more efficient method of drug delivery to
the human body because when it is injected directly into the blood stream, it is able to bypass all
of these physical external barriers presented by the body. However, if an incompatibility
between the drug formulation and the blood were to occur, it could lead to a condition known as
post-infusion, or post-injection phlebitis (PIP). PIP occurs when the solubility of a drug
decreases as it enters the bloodstream and it forms small solid particles. These particles can
damage venous endothelial cells as well as decrease the drug’s bioavailability. PIP is the largest
cause of IV therapy morbidity and affects 25-70% of all hospital patients. This paper will
explore various pharmaceutical techniques that can be utilized in order to increase drug solubility
including: the addition of solubilizing co-factors, hydrotropes, shifting the pH relative to Ksp, and
the introduction of buffers. It will also discuss the development of a new apparatus to visually
represent and quantify the ability of these techniques to control solubility within an intravenous
injection.
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CHAPTER 2: FORMULATING A DELIVERY METHOD FOR
RESVERATROL

2.1 Background information
Resveratrol (3, 5, 4’-trihydroxy-trans-stilbene), a natural substance produced by plants,
most notably the skin of red grapes, is a naturally occurring polyphenol11 that has gained recent
popularity due to the beneficial medicinal effects produced within small vertebrates. While the
mechanism of the drug is not fully understood presently, current research has reported antitumor, anti-inflammatory, anti-aging, the lowering of blood sugar and beneficial cardiovascular
effects in rats. Due to the lack of bioavailability within humans11, all experiments demonstrating
positive results have been completed in vitro, leading to a deficit in in-vivo studies. Transresveratrol is a highly insoluble and unstable compound9. In regards to pharmacokinetics, the
most efficient way to deliver RSV is through parenteral delivery in a free-form or dissolved
state9; however, interaction with the mucosa causes poor absorption and leads to RSV being
taken as an oral supplement where approximately 2% will reach the circulatory system, leading
to a significant decrease in any beneficial effects12.
Resveratrol has a molecular formula of C14H12O3 and a molar mass of 228.24 g/mol. The
compound is found naturally in two geometric isomers: cis-(Z) resveratrol and trans-(E)
resveratrol. However, the cis form is very unstable and can convert to trans-resveratrol with
exposure to light10. The compound is a slightly yellow powder, and while soluble in compounds
that cannot be consumed by humans such as DMSO (Sw=16 g/L) and pure ethanol (Sw= 50 g/L)
it is very insoluble in water (Sw= 0.03 g/L). As seen in Figure 1, the highly non-polar content
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within the molecule causes very little or unfavorable interaction with water, leading to its low
solubility.

cis-resveratrol

Trans-resveratrol

Figure 1

The goal of this experiment is to utilize the method of hydrotropy in order to help
solubilize resveratrol. Hydrotropy was originally described as “the non-stoichiometric
solubilization of a solute by a high concentration of an anionic aromatic compound”13. However,
it is currently used as an “umbrella” term to describe an assortment of ways in which one
compound (a hydrotrope) can solubilize another2. Most hydrotropes used are aromatic
compounds since their planar shape allows for self-association, or complexation, within a
solution14. The hydrotrope, which is soluble in water, can be added to an insoluble compound, in
this case RSV, and interact with and aid in increasing the solubility of the compound. Because
the goal of this experiment is to produce a compound that can be taken in-vivo, biologically safe
hydrotropes such as benzoic acid, benzyl alcohol, and benzyl benzoate will be used. The
problem faced is that these biologically safe hydrotropes have low water solubility so the method
of facilitated hydrotropy will be used.
In facilitated hydrotropy, the hydrotrope is first solubilized by an aqueous medium and
once in solution, is used to dissolve the target compound (RSV)15. Pharmaceutically acceptable
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excipients will be used for both the water-miscible cosolvents as well as the partially water
miscible solutes (hydrotrope).

2.2 Materials
The Resveratrol used was supplied by SigmaAldrich (New York, USA). Other materials and
solvents were used as provided from a commercial supplier and include: 1,3-Bis(2-pyrrolidone1-yl)butane, 1-Methyl-2-pyrrolidinone, Benzamide, 1,3,5-Benzenetricarboxylic acid, Benzoic
acid, Benzyl alcohol, Benzyl Benzoat, Butylated hydroxyltoluene, Caffeine, Caffeic Acid,
Ethanol, Eugenol, FCCButylated hydroxyanisole, Gallic Acid, Gentisic Acid (2,5Dihydroxybenzoic acid), Isophthalic acid, Kollidon 12PF, N,N-Diethylnicotinamide, N,NDiemthylbenzamide, N,N-Dimethylacetamide, Nicotinamide, Propylene glycol, Polyethylene
glycol 400 (PEG 400), Resorcinol, Sodium Benzoat, Sodium salicylate, Soluphor, 10% Soluplus,
tBHQ, and Tricetin. All water used in this experiment was double distilled.

2.3 Methods
All samples were analyzed using a high-pressure liquid chromatography (HPLC). All assays
were run using the same machine, Agilent 1100, and were conducted using an Agilent 5!m,
4.6mm x 250mm C18 column. The mobile phase used was a methanol-water solution (53:47).
The injection volume for every sample was 5!m with a flow rate of 0.8 mL/min and the
retention time was approximately 5 minutes. All analyses were performed at 25º C and the
detection UV wavelength was 303nm (Figure 2). A computer equipped with Chemstation
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software was used to run/control the system as well as integrate the peaks found from the
samples.

Figure 2 UV absorption spectrum and chromatogram of RSV

2.3.1 Initial study of Resveratrol Solubility with Hydrotropes
RSV was combined with 0% up to 50% of each hydrotrope. The experiment was left to
react for 5 days to allow for full completion. Each sample was then transferred to a centrifuge
tube where it was centrifuged for 15 minutes. The supernatant was transferred directly into a
glass vial (80 um) or was diluted properly with the HPLC mobile phase before injection into the
HPLC

system.

Additionally,

cosolvents,

propylene

glycol

(PG),

ethanol

(ETOH),

dimethylacetamide (DMA), and PEG400 were then tested for comparison.

2.3.2 Study of solubility of RSV Within a Ternary System
In addition, RES solubility was measured in a ternary system containing
(40%PG/10%ETOH/45%water), and 5% hydrotrope. A total of 28 hydrotropes were considered
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(Figure 3). The reaction was allowed to occur for 5 days. The same process was completed
(transferring to a centrifuge tube and diluting the supernatant) and the samples were then run
through an HPLC machine.

Figure 3 The 28 hydrotropes used in the study
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2.4 Results

Phase Solubility Profile of RSV in cosolvents

Figure 4

The cosolvents above display the typical log-linear solubilization of RSV found in the
equation: log Sm = log Sw + ! fc, where Sm and Sw represent the RSV solubilities in the mixed
solvent and water, fc is the fraction of volume cosolvent, and ! is the solubilizing power of the
cosolvent for RSV. It is noteworthy that the value of ! is inversely proportional to the number of
bondable hydrogens within the cosolvent.
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Phase-Solubility Profiles of RSV in Pyrrolidones

Figure 5
The slopes present in the hydrotropes do not appear to follow the log-linear patterns. The
pyrrolidoens (Figure 2) are the strongest solubilizers of RSV. The relative ability of the
hydrotropes to solubilize RSV interestingly demonstrates the same dependency on the ability to
hydrogen bond as the cosolvents did. Among the pyrrolidoens the protic-2-pyrrolidoen appears
to be less effective than the aprotics.
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Phase-Solubility Profiles of RSV in Other Hydrotropes

Figure 6

Table 1:The top 6 and bottom 6 solubilizers from the 28 hydrotropes studied
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From Figures 5 and 6, Table 1 was constructed to categorize the effect of adding 5%
of each of the 28 hydrotropes in the study (Figure 3) to a mixture of 10% ETOH and 40% PG.
The table organized the hydrotropes into the top 6 and the bottom 6 solubilizers of RSV. As
seen from the Table 1, the top 6 solubilizing hydrotropes are non-symmetirc, flexible, have low
melting points, and are aprotic compounds. These hydrotropes ensure a strong interaction with
resveratrol while maintaining a low self-association. Opposite this, the 6 hydrotropes that were
least effective in solubilizing RSV were all polar compounds that contained a large amount of
hydrogen bond donors, had high melting points, and were rigid in structure.

2.5 Conclusion
When it comes to poorly soluble drugs, certain hydrotropes can act as strong solubility
enhancers by working as more than just a cosolvent. Their ability to interact with the drug and
potentially form small hydrotropic aggregates allows for a greater increase in solubility within an
aqueous medium suitable for human administration. Hydrotropes can be used by themselves or
combined with other cosolvents in order to achieve a synergistic effect. For Resveratrol, polar,
aprotic hydrotropes are the most suitable solvents. The concept of hydrotropes as solubilizers is
a promising new development for drug formulation as they increase the bioavailability of a drug
while not compromising the integrity or exceeding the safety parameters of drug administration.
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CHAPTER 3: USING A DYNAMIC IN-VITRO DEVICE TO VISUALIZE
THE INCREASE OF SOLUBILITY THROUGH PH SHIFT AND
COSOLVENT SOLUBILIZATION

3.1 Introduction: Solubilization
3.1.1 General Solubility of a Parenteral Drug
Nearly 60% of the human body1 and 93% of blood plasma8 is water. In order for a drug
to be successfully administered intravenously it must be solubilized in an aqueous solution.
However, the majority of drugs are non-polar and therefore typically have low aqueous
solubility. Many methods, including the addition of hydrotropes mentioned in chapter 2, have
been utilized in order to increase the aqueous solubility of parenteral drugs. Two of the most
common methods used in pharmaceutical formulations are a shift in the pH of the solution and
the addition of a co-solvent2. These methods are extremely beneficial as they cause an
exponential increase in the aqueous solubility of the drug. However, as it will later be discussed,
when the formulation is injected into the bloodstream, both the drug and excipients responsible
for increasing drug solubility, becomes diluted. The dilution can lead to an exponential decrease
in solubility and possible precipitation of the drug.
3.1.2 Parenteral Solubility through pH Shift
When a parenteral drug contains at least one ionizable functional group, a shift in the pH
of the formulation solution relative to the drug’s pKa can cause a significant increase in its
solubility3. For a drug that contains one acidic group, the increase in solubility is represented by:
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In the equation,

represents the total drug solubility at the pH of the solution and

is the

intrinsic aqueous solubility of the drug. Figure 7 shows the graph of this equation for a weak
acid drug where

=10-3 M and pKa= 4.33. The plateau located in the right of the graph shows

the solubility product, or Ksp, of the salt that will form between the ionized drug and the buffer
ion. This relationship can be described in the equation3:

Other equations similar to this one can also be derived for drugs that are weak bases or

Stotal(M)

zwitterions.

Figure 7. Plot of total solubility vs. pH for a weakly acidic drug
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3.1.3 Cosolvent Solubilization of Parenteral Drugs
If no acidic or basic functional groups are present within a nonpolar drug, the solubility
can still be increased through the addition of water-soluble organic solvents, as seen in chapter
22. These co-solvents normally consist of a polar group capable of hydrogen bonding, and a
small hydrocarbon, or nonpolar region, in order to interact with both the water and the drug. The
addition of these water-miscible components lowers the polarity of the solution and thus allows
the cosolvent to disrupt the aqueous hydrogen-bonding network. This interaction reduces the
water’s ability to isolate non-polar solutes. The total solubility of a drug with a cosolvent in an
aqueous medium can be represented by the following log-linear model (Yalkowsky)2:

Where Smix is the total solubility of the drug in a cosolvent-water mixture, ! is the solubilization
power, and fc is the fraction of the cosolvent. However, it is important to note that !, the
solubilization power of a drug, is related to its octanol-water partition coefficient (KOW) that is
represented by:

Where A and T are constants dependent on the cosolvent. Figure 8 shows a theoretical solubility
plot, based on the equation above, for a nonpolar drug in an ethanol-water mixture where
logKOW=2 and logSW=-3. As seen from the graph, as the fraction of the cosolvent increases, the
solubility of the drug in the cosolvent mixture increases linearly. However, for solutes that are
semi-polar and have high cosolvent fractions, the solubility can deviate from this log-linear
relationship.

SMIX
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Figure 8 Plot of total drug solubility vs. cosolvent fraction

3.1.4 Solubility with pH Shift and Cosolvents
The combination of pH and a cosolvent as a solubilizing agent has been used in the formulation
of very insoluble drugs such as phenytoin and diazepam4. The equation for estimating the
solubility of a monoprotic drug in such a formulation is2:
tot
S mix
= S uw ! 10 ó u f c + Siw ! 10 ó i f c

Where Su and Si are the solubility of the unionized and ionized solutes in the mixture of
cosolvent and water and

ó i = A ! logK ow,ion + T
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Because the addition of a cosolvent to solubilize nonpolar drugs reduces the polarity of water,
the ionization constant of the drug and any buffers present will also be reduced5. Figure 95
shows the pKa of acetic acid in cosolvent-water mixtures containing ethanol, propylene glycol,
polyethylene glycol, and glycerol.
ACETIC ACID PKAS IN COSOLVENT WATER MIXTURES
6
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Figure 9

3.1.4.1 Experimental
A study was run in order to observe the reduction of the ionization constant of the drug and any
other buffers based on the cosolvent. Materials used in the cosolvent water mixture titrations are
listed in Table 2. 48.5 mg of D-glucuronic acid and 44.0 mg of Gentisic acid (sodium salt) were
weighted out and placed in a 25ml volumetric flask. The ionic strength of the titration was set to
0.1 by adding 186.4 mg of potassium chloride to the samples. An equal molar amount of HCl
was added to the gentisic acid to titrate the sodium salt and all samples were q.s. with ethanol
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water mixtures of 0, 10, 20, and 40% (v/v) . An Accumet AR15 pH meter, used to record the pH
readings during the titration, was calibrated with a 1e-3M HCl standard dissolved in all three
ethanol water mixtures. A solution of 0.01M potassium hydroxide solution was added to the
samples in 100 µl increments after which the pH was recorded. All titrations were done under
flowing nitrogen gas at 25 oC ± 2 oC. Graphs of the pKa vs. the reciprocal of the dielectric
constant are shown in Figures 10 (Gentisic Acid) and 11 (Glucuronic Acid). Table 3 lists the
pKa of both acids in the cosolvent water mixtures.

Chemical

Manufacturer

Catalog Number

Gentisic Acid (Na Salt)

Sigma Chemical Company

G-5129

D-Glucuronic Acid

Aldrich Chemical Company

27,163-2

Potassium Hydroxide

Sigma Chemical Company

P-1767

Potassium Chloride

Fisher Scientific

P330-500

Hydrochloric Acid

Sigma-Aldrich

285148

Table 2
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Figure 10

Figure 11
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Table 3
pKa
Glucuronic 1
Glucuronic 2
Gentisic 1
Gentisic 2

0% ETOH
3.13
3.07
2.92
2.94

10% ETOH
3.17
3.17
2.92
2.91

20% ETOH
3.34
3.32
2.97
2.97

40% ETOH
3.66
3.62
3.36
3.35

3.1.5 Drug Dilution from Blood
As seen from chapter 2, adding cosolvents or adjusting the pH can aid in increasing the
solubility of a parenteral drug. However, when the formulation is mixed with blood the drug and
any excipients used to increase drug solubility undergo dilution as well as a decrease in
solubility. When the solubility of the drug decreases at a rate that is greater than the decreasing
concentration of the drug, a transient, supersaturated solution will occur causing irritation at the
site of the injection. Eventually, the supersaturated solution can form solid particles that can
damage the cell walls of the vein and decrease the bioavailability.
Blood maintains a pH of 7.35-7.456. When the parenteral drug is introduced into the
blood stream it not only becomes diluted but will also undergo titration7. Figure 12 is a plot of
pH vs. the formulation fraction, or the fraction of the drug formulation within blood, of
Phenytoin (pKa=8.33) formulated at a pH of 11 with, and without, a sodium phosphate buffer.
As seen in the graph, upon dilution with the blood, the phenytoin that is unbuffered, or has a
weak buffer, is quickly titrated to 7.4, the pH of blood. This sudden shift in pH can greatly
decrease the solubility of the drug and can then lead to the formation of the transient
supersaturated solution.
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Figure 12 Plot of pH vs. formulation fraction for buffered and unbuffered phenytoin

While the pH of the formulation is titrated to 7.4, the concentration of the drug along with
any excipients will decrease upon injection. The final concentration is represented by the
equation:

Where Cf is the product of the formulation fraction and Ci is the initial formulation fraction.
When the cosolvent concentration (f c) linearly decreases, the solubility of a nonpolar drug will
decrease exponentially. Figure 13 is a representation of the formulation fraction vs.

for a
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buffered and unbuffered phenytoin. As represented by the graph, as the buffer concentration of
NaPO4 increases, the drug’s solubility (

) increases with a smaller formulation fraction (fc).

Figure 13 Plot of drug solubility vs. formulation fraction for phenytoin

The plot of drug concentration vs. formulation fraction is then superimposed onto the
graph from Figure 13 (solubility vs. formulation fraction). Figure 14 shows the concentration vs.
formulation fraction plot for the buffered and unbuffered phenytoin at 0.1 mg/ml with the
superimposed solubility plot. Anything that is shaded on the figure represents when the drug
concentration has fallen below its solubility and a supersaturated solution has occurred. With the
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solubility plot added, it is now more visually evident that similar to Figure 13, as the
concentration of the buffer increases, the supersaturated area within the graph decreases. This
decrease in supersaturation also equates to a decrease in the probability of drug precipitation
upon injection.

Figure 14 Plot of drug concentration and solubility vs. formulation fraction for Phenytoin
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3.2: Visualizing and Testing Parenteral Precipitation
3.2.1: Dynamic In-Vitro Device
In order to visualize the precipitation of a drug that occurs within a parenteral injection, a
new dynamic in-vitro device was developed. The device contained a blood surrogate of Isotonic
Sorensen's Phosphate Buffer (ISPB) at pH 7.4, and had a needle-tip injection site where the drug
being studied could be administered at a constant rate. A black and white camera focused on the
injection site took photos every second. Through intensity measurements, the precipitation of
the drug could then be calculated. More detail on the experimental set-up will be discussed
further. This new device provides for new insight into the visualization of drug precipitation that
can occur during an intravenous injection.
3.2.2 Instrument Setup
The main component of the device is the flow cell, which is connected directly to the Ysite (see figure 15). The flow cell consists of a round fused quartz tube inside a larger
rectangular quartz tube. Polyethylene glycol 200 was used to fill in the gap between the two
tubes. It is important to note that polyethylene glycol 200 has a near identical index of refraction
to that of quartz (1.4583 vs. 1.4585). This design was constructed in order to minimize any
reflected or refracted light off of the curved surface of the inner quartz tube, which could effect
the image results. To construct the device, two fiber optic light guides that were illuminated by a
Vlux-1000 light source were positioned above the flow cell at an approximate 45 degree angle
(Figure 16). The imaging source, a DMK 41BUO2 USB CCD camera, was positioned at a 90
degree angle from the incident light on the side of the flow cell. The lenses attached to the
camera were a 21 mm lens tube and a Nikon AF Nikkor 28-80mm SLR lens. To allow the
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images to be taken consistently at both the needle tip and downstream, the light source and
camera were both attached to a linear motion system made from T-slot aluminum extrusion.

Figure 15 Complete Flow Cell Design

Figure 16 Flow cell with camera and light source
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3.2.3 Experimentation Methods
To perform the experimental tests, ISPB blood surrogate was directed by a Cole Parmer
Masterflex peristaltic pump through Tygon tubing into the flow cell at a rate of 5 ml/min. The
drug was administered to the system at specified rates via a Harvard Apparatus syringe pump.
Using small diameter tubing, a popper 22 gauge 4” deflected point needle was inserted into the
IV Y-site (refer to Figure 15), which was attached to the flow cell. For every drug injected, both
the active (drug with excipients) and placebo (just excipients) were injected at the rates 1 ml/min
and 5 ml/min into the ISPB blood surrogate (with a flow rate of 5 ml/min). Upon injection, the
camera captured an image every second for one minute at both the needle tip and approximately
6 inches downstream. After passing through the flow cell, the tubing exiting the flow cell went
through a variable area flow meter and then into a waste container. Once the sample was
complete, the images captured were processed using the Image Processing Toolbox from Matlab
software. Table 4 contains the list of all the chemicals used in the experiments.
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Table 4: List of Chemicals Used In Experiment
Chemical
Manufacturer
Catalog #
5-5-Diphenylhydantoin
Sigma Chemical Co
D4007
Citric Acid (Anhydrous)
Sigma Chemical Co
C1857
Trisodium Citrate
Sigma Chemical Co
S4641
Epinephrine (±)
Sigma Chemical Co
E1635
Furosemide
Spectrum Chemical Co
NL
Sodium Phosphate Dibasic
EMD Chemical Inc
SX0720-1
Lactic Acid
Sigma Chemical Co
L6661
Sodium Metabisulfite
Spectrum Chemical Co
S0182
Amiodarone HCl
Sigma Chemical Co
A8423
Ethanol
Sigma-Aldrich Co
493546
Propylene Glycol
J.T. Baker
U510-07
Sodium Chloride
BDH (VWR International)
BDH0286
Potassium Phosphate
Spectrum Chemical Co
P1380
pH 2 Standard
EMD Chemical Inc
BX-1652-1
pH 4 Standard
EMD Chemical Inc
BX-1628-1
pH 7 Standard
EMD Chemical Inc
BX-1632-1
pH 2 Standard
EMD Chemical Inc
BX-1641-1
Benzyl Alcohol
Sigma Aldrich
108006
Polysorbate 80
Spectrum Chemical Co
P1179
Sodium Hydroxide
EM Science
SX0590-13
Hydrochloric Acid
Sigma-Aldrich Co
285148
Phenobarbital Sodium
College of Pharmacy UofA
NL
Atropine Sulfate USP
Abbott Laboratories
0.1mg/ml
Nafcillin Sodium USP
Apothecon
1gm Lyophilized Powder

3.2.4 Drugs Chosen for Initial Study of the Device
Table 5 contains the drugs chosen to test the ability of the in-Vitro device to detect drug
precipitation. The drugs were selected upon whether or not they had a history of causing
phlebitis based on literature.
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Table 5. Drugs Used in In-Vitro Device Study
Drug

Incidence of Phlebitis

Solubilization Method

Manufacturer

Amiodarone HCl

Yes

pH + surfactant

Made from API

Atropine Sulfate

No

pH

Epinephrine

No

pH

Made from API

Furosemide

No

pH

Made from API

Nafcillin

Yes

pH

Phenytoin Sodium

Yes

pH + Cosolvent

Made from API

Phenobarbital

Yes

pH + Cosolvent

Made from API

Table 4

3.2.5 Analysis Procedures for Quantifying Data from Device
The images were captured for the drugs with the experimental procedure explained in
section 3.2.3 above. In order to analyze the intensity of the drug precipitation, or lack thereof, a
maximum intensity value was calculated for the 60 images of the placebo injection of the drug
being analyzed. This intensity value was then subtracted from the intensity readings of the
images that were taken from the administration of the active drug. The equation for obtaining
this final image intensity is as follows:
ImageFinal=ImageActive--ImagePlacebo
The final image data was scaled from 0 to 255 and displayed as a color intensity image
where the color order blue-->yellow-->red represented increasing light intensity. These intensity
values for the 60 second run through the device were graphed (time vs. light intensity) in order to
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quantify the data from the photos and represent the formation and amalgamation of a precipitate,
or lack thereof.
3.2.6 Prediction of Results
Based on literature, the drugs expected to precipitate in the in-Vitro device are Cordarone
(Amiodarone HCl), Phenytoin Sodium, and Phenobarbital. Table 6, which contains the drugs
predicted to remain in solution, shows the solubility of the drugs in water and at a formulation of
pH=7.4. As seen in the table, with the exception of Phenobarbital, all of the drugs’ solubility at
pH=7.4 is well above that of the formulation.
Table 6: Solubility in H2O and at a pH=7.4 of Predicted Soluble Drugs
Drug
Atropine
Epinephrine
Furosemide

1.
2.
3.
4.

Sw

S(pH=7.4)

[Formulation] (mg/ml)

3

> 200 mg/ml

0.1 mg/ml

3

1

0.1 mg/ml

2.200 mg/ml
0.333 mg/ml

2

0.018 mg/ml

1

5.49 mg/ml

2

2.40 mg/ml

0.1 mg/ml

Nafcillin

4

1

0.017 mg/ml

211.62 mg/ml

20-200mg/ml

Phenobarbital

1.100 mg/ml3

2.20 mg/ml1

50 mg/ml

Estimated from Henderson–Hasselbalch
Manderscheid, M; Eichinger, T. Determination of pKa Values by Liquid Chromotography. 2003 Journal of
Chromotographic Science 41 pp323-326
Venkatesh, S. Prediction of Aqueous Solubility of Organic Compounds Using a Quantitative Structure–Property
Relationship. 2002. Journal of Pharmaceutical Sciences 91(8) 1838-1852
http://www.drugbank.ca/drugs/DB00607

Titrations were performed on Amiodarone HCl, Phenytoin Sodium, and Phenobarbital in
order to determine the pH dilution curve as well as the graph for the dilution solubility and drug
concentration (as seen in Figure 14).

pH

29

Figure 17

Figure 18
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Figure 19

Figure 20

31

Figure 21

Figure 22
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As seen in the graphs above, Amiodarone HCl, Phenytoin Sodium, and Phenobarbitol all
have large areas of supersaturation where the concentration of the drug falls below their
solubility. Because the degree and duration of the supersaturated area is proportional to the
probability of drug precipitation, these drugs are the most likely to form precipitates among
administration. All of the drugs listed in table 5 are formulated below their solubility except for
Phenytoin Sodium, Amiodarone Hydrochloride, and Phenobarbital. Phenobarbital and
Phenytoin Sodium both take advantage of pH control and cosolvents to increase their solubility
while amiodarone increases its solubility using pH control, a cosolvent, and a surfactant. Thus it
is predicted that phenytoin, phenobarbital, and amiodarone will precipitate upon dilution in the
in-vitro studies and the other drugs listed will not.

3.2.7 Results
Below are the photos of the drugs that formed precipitations within the in-vitro device. It
is important to note that while Phenobarbital did precipitate initially, like predicted, it was a false
positive. The placebo contained the excipient benzyl alcohol that produced a precipitate.
Therefore it is assumed that the benzyl alcohol was causing the precipitate to form and not the
Phenobarbital itself.
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Needle tip Image of Cordarone at 1mL/min (with no background subtraction)

Figure 23
Needle tip Image of Cordarone at 1 mL/min (with background subtraction)

Figure 24
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Needle tip Image of Cordarone at 1mL/min (intensity)
60
100

50

200

300
40
400

30

500

600
20
700

800

10

900

200

400

600

800

1000

1200

Figure 25
Needle tip Image of Cordarone at 5 mL/min (with no background subtraction)

Figure 26
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Needle tip Image of Cordarone at 5 mL/min (with background subtraction)

Figure 27

Needle tip Image of Cordarone at 5 mL/min (intensity)
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Downstream Image of Cordarone at 1mL/min (with no background subtraction)

Figure 29
Downstream Image of Cordarone at 1mL/min (with background subtraction)

Figure 30
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Downstream Image of Cordarone at 1mL/min (intenstiy)
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Figure 31
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Downstream Image of Cordarone at 5 mL/min (with no background subtraction)

Figure 32
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Downstream Image of Cordarone at 5 mL/min (with background subtraction)

Figure 33

Downstream Image of Cordarone at 5 mL/min (intenstiy)
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Needle tip Image of Phenytoin at 1mL/min (with no background subtraction)

Figure 35
Needle tip Image of Phenytoin at 1 mL/min (with background subtraction)

Figure 36
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Needle tip Image of Phenytoin at 1mL/min (intensity)
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Figure 37
Needle tip Image of Phenytoin at 5 mL/min (with no background subtraction)

Figure 38
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Needle tip Image of Phenytoin at 5 mL/min (with background subtraction)

Figure 39
Needle tip Image of Phenytoin at 5 mL/min (intensity)
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Downstream Image of Phenytoin at 1mL/min (with no background subtraction)

Figure 41

Downstream Image of Phenytoin at 1mL/min (with background subtraction)

Figure 42
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Downstream Image of Phenytoin at 1mL/min (intenstiy)
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Figure 43
Downstream Image of Phenytoin at 5 mL/min (with no background subtraction)

Figure 44
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Downstream Image of Phenytoin at 5 mL/min (with background subtraction)

Figure 45
Downstream Image of Phenytoin at 5 mL/min (intenstiy)
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All of the other drugs listed in Table 5 were run through the device and the same images
were captured. The intensity readings from each experimental run were then plotted on a time
vs. light intensity graph.

Figure 47
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Figure 48

Figure 49
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Figure 50

3.2.8 Conclusions
In the in-vitro device, like predicted, both Phenytoin Sodium and Amiodarone
precipitated proportional to how much the solubility was exceeded during the dilution. Since the
placebo for Phenobarbital precipitated due to the benzyl alcohol, its results are inconclusive,
since a false positive was present from the excipient.
In pre-clinical pharmaceutical studies, each approved new molecule can cost
approximately 335 million dollars and animal testing is not only expensive, but also extremely
time consuming. The use of in-vitro models in the pharmaceutical industry has become
extremely instrumental in the prediction of drug performance as well as reducing costs and time
in the formulation of new drugs. Currently, very few in-vitro devices exist in the pharmaceutical
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industry to predict the precipitation of parenteral drug formulations upon mixing with the blood.
The In-vitro device tested in this report is a viable option for pharmaceutical industries to
visually and quantitatively see possible precipitation of drug formulations being developed. As
seen in the results, the device accurately produced the predicted outcomes, with Phenytoin
Sodium and Amiodarone precipitating while all of the other studied drugs remained in solution.
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