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ABSTRACT 

 

Therapeutic proteins, such as monoclonal antibodies (mAbs) are used for the treatment of 

various diseases. Aggregation of mAb is a major stability issue and occurs during various stages 

of the product life cycle such as cell culture, downstream processing, formulation, 

transportation, storage, handling, and administration.  

 

Microscopy based techniques are used for the analysis of aggregates. First objective was to 

develop a novel image processing algorithm to characterize micron sized aggregates of mAb 

using brightfield images. Initial steps of image analysis algorithm involved conversion of 

images to grayscale followed by pixel-based and size-based thresholding. Further steps 

involved morphological operations and calculation of size distribution. Size distribution output 

obtained from brightfield image processing was validated using images of liquid 

chromatography resins. Aggregate size distribution of mAb was also compared with various 

experimental techniques. Overall, it was concluded that analysis of IgG aggregates using image 

processing strategy could serve as a rapid orthogonal methodology to the existing approaches. 

 

Combined occurrence of air/liquid interfacial stress and agitation is known to be highly 

detrimental to the stability of mAbs and hence requires deeper investigation. Second objective 

consisted of aggregation analysis of therapeutic mAb induced by rapid air/liquid interfacial 

agitation stress through air bubbling using an in-house set-up. Samples containing mAb 

subjected to stress were characterized using a wide array of analytical techniques. Stressed 

samples showed increasing turbidity with time, with mAb1 showing a protein loss of more than 

50% after 240 minutes. Aggregate rich samples exhibited altered secondary structure and 

higher hydrophobicity with 40% reduction in activity. It was also found that the extent of 

aggregation was affected by protein concentration, sample volume, presence of surfactants, 

temperature, air flow rate, and presence of silicone oil. In conclusion, exposure to air/liquid 

interfacial stress through bubbling into liquid mAb samples effectively generated sub-visible 

and visible aggregates, making air bubbling an attractive approach for interfacial stress testing 

of mAbs. 

 

Once the sample containing mAb is administered in the human body, the stability of mAb in 

physiological fluids might vary with time, and hence, different in-vitro models are used for 

stability assessment. Phosphate-buffered saline (PBS) is a buffer, also used to mimic conditions 
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of physiology. Samples containing mAb encounters different matrix components of blood once 

they are administered. However, PBS is devoid of various molecules found in in-vitro models 

such as serum and HSF. Third objective was to compare the aggregate profile of mAb in PBS 

with in-vitro models such as serum and HSF. In this study, aggregation of mAb in PBS and 

models derived from body fluids seeded with mAb samples subjected to various stresses were 

compared. It was found that aggregation of mAb was different in PBS compared to HSF. It was 

also found that PBS and serum containing mAb subjected to stirring and interfacial agitation 

resulted in aggregates of >2 µm size, and average size and percentage number of particles 

having >10 µm size was higher in serum compared to PBS at all analysis time point. Overall, 

it was found that aggregation of mAb in PBS was different models derived from human body 

fluids. 

 

Therapeutic mAbs, upon exposure to chemicals such as ferrous ions (Fe2+) or hydrogen 

peroxide (H2O2), are known to result in the degradation. H2O2 and Fe2+ reacts by Fenton 

reaction to form hydroxyl radical (•OH), that are known to rapidly degrade proteins. Before 

intravenous administration, the mAb product is often diluted in normal saline. Increased levels 

of Fe2+ and H2O2 could be found in the human body during various diseases as well. Fourth 

objective was to investigate the stability of therapeutic mAb in the combined presence of Fe2+ 

and H2O2 in saline and in in-vitro models. Saline samples containing mAb having the combined 

presence of both Fe2+ and H2O2 exhibited more than 20% HMW, whereas samples having only 

Fe2+, H2O2, or neither resulted in less than 2.5% HMW, respectively. Aggregate-rich samples 

also exhibited altered protein structure and hydrophobicity. Aggregation increased upon 

increasing the time, temperature, and concentration of Fe2+ and H2O2. It was also found that in 

the presence of both Fe2+ and H2O2, in-vitro models such as artificially prepared extracellular 

saline, HSF, and serum resulted in enhanced aggregation of mAb. In conclusion, presence of 

both Fe2+ and H2O2 in samples containing mAb resulted in multifold mAb degradation in saline 

and in-vitro models.  

  

Samples containing mAb are typically stored at 2-8°C. However, the product may get subjected 

to higher temperatures during various stages, and it might perturb the native structure of the 

mAb, eventually leading to product degradation. Taurine is a naturally occurring sulfur-

containing amino acid, known to offer stability to proteins. The fifth objective was to evaluate 

the potential of taurine as a stabilizer to reduce mAb degradation. Forced degradation of mAb1 

containing samples by thermal stress for 30 minutes resulted in HMW by more than 65% in 
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sample without taurine compared to sample with taurine. Samples containing mAb1 without 

taurine also resulted in higher changes in protein structure and hydrophobicity compared to 

samples with taurine. Stabilizing effect of taurine was retained at different mAb and taurine 

concentrations, time, temperatures, buffers, and presence of polysorbate 80 (PS80). 

Additionally, mAb in the presence of taurine showed enhanced stability upon subjecting to 

light stress, combination of light and H2O2, and combination of Fe2+ and H2O2. In conclusion, 

presence of taurine in the samples containing mAb enhanced its stability, thereby indicating its 

possible use as a stabilizer. 
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सार 

 

चिकित्सीय प्रोटीन, जैसे मोनोक्लोनल एटंीबॉडी िा उपयोग विभिन्न रोगों िे उपिार िे भलए किया जाता 
है। mAb िा एित्रीिरण एि प्रमुख स्थिरता मुद्दा है और यह उत्पाद जीिन िक्र िे विभिन्न िरणों 
जैसे सेल संथिृतत, डाउनथरीम प्रसंथिरण, फॉममलेूशन, पररिहन, िंडारण, हैंडभलगं और प्रशासन िे दौरान 
होता है। 

 

समुच्िय िे विश्लेषण िे भलए माइक्रोथिोपी आधाररत तिनीिों िा उपयोग किया जाता है। 1 माइक्रोन 
से अचधि आिार िाले mAb िे समुच्िय िा आिार वितरण विश्लेषण अत्यचधि महत्िपमण ू है। 1 
माइक्रोन से अचधि आिार िे समुच्िय िी ब्राइटफील्ड छविया ंआसानी से प्राप्त िी जा सिती हैं। 
समुच्िय िी पारिासी प्रिृतत, पषृ्ठिमभम और समुच्िय िे बीि िम अंतर, नममने िा यादृस्च्छि अतनयभमत 
आिार, और पषृ्ठिमभम से असंगत िटिती रोशनी समक्ष्म छवियों से समुच्िय िे आिार तनधाूरण विश्लेषण 
िो एि िठठन िाय ूबना सिती है। पहला उद्देश्य ब्राइटफील्ड छवियों िा उपयोग िरिे mAb िे 
माइक्रोन आिार िे समुच्िय िो चिस्ननत िरने िे भलए एि उपन्यास छवि प्रसंथिरण एल्गोररदम 
वििभसत िरना िा। छवि विश्लेषण एल्गोररदम िे शुरुआती िरणों में छवियों िो गे्रथिेल में पररितततू 
िरना और उसिे बाद वपक्सेल-आधाररत और आिार-आधाररत थ्रेशोस्ल्डंग शाभमल िी। आगे िे िरणों 
में रूपात्मि संिालन और आिार वितरण िी गणना शाभमल िी। ब्राइटफील्ड छवि प्रसंथिरण से प्राप्त 
आिार वितरण आउटपुट िो तरल क्रोमैटोग्राफी रेस्जन िी छवियों िा उपयोग िरिे मान्य किया गया 
िा। विभिन्न प्रायोचगि तिनीिों िे साि mAb िे समग्र आिार वितरण िी तुलना िी िी गई। िुल 
भमलािर, यह तनष्िष ूतनिाला गया कि छवि प्रसंथिरण रणनीतत िा उपयोग िरिे आईजीजी समुच्िय 
िा विश्लेषण मौजमदा दृस्ष्टिोणों िे भलए एि तीव्र ऑिोगोनल पद्धतत िे रूप में िाम िर सिता है। 

 

विभिन्न इंटरफेस पर mAbs िा एक्सपोजर विभिन्न ठोस/तरल, तरल/तरल और िायु/तरल सतहों िे रूप 
में होता है। िायु/तरल इंटरफेभसयल तनाि और उते्तजना िी संयुक्त घटना िो mAb िी स्थिरता िे 
भलए अत्यचधि हातनिारि माना जाता है और इसिे भलए गहन जािं िी आिश्यिता होती है। दमसरे 
उद्देश्य में इन-हाउस सटे-अप िा उपयोग िरिे िायु बुलबुले िे माध्यम से तेजी से िायु/तरल 
इंटरफेभसयल आंदोलन तनाि से प्रेररत फॉथफेट बफड ूसलाइन (पीबीएस) में चिकित्सीय मोनोक्लोनल 
एंटीबॉडी िा एित्रीिरण विश्लेषण शाभमल िा। तनाि िे अधीन mAb िाले नममनों िो विश्लेषणात्मि 
तिनीिों िी एि विथततृ श्ृंखला िा उपयोग िरिे चित्रत्रत किया गया िा। प्रोटीन सांद्रता, नममना मात्रा, 
तापमान, बुदबुदाहट दर और सहायि पदािों िी उपस्थितत जैसे विभिन्न िारिों िे प्रिाि िा िी 
ममल्यांिन किया गया िा। तनािग्रथत नममनों में समय िे साि मैलापन बढ़ता हुआ ठदखा, स्जसमें mAb1 
में 240 भमनट िे बाद 50% से अचधि प्रोटीन िी हातन देखी गई। समग्र समदृ्ध नममनों ने गततविचध 
में 40% िी िमी िे साि पररितततू माध्यभमि संरिना और उच्ि हाइड्रोफोत्रबभसटी िा प्रदशनू किया। 
यह िी पाया गया कि एित्रीिरण िी सीमा प्रोटीन सांद्रता, नममना मात्रा, सफेक्टेंट िी उपस्थितत, तापमान, 

िायु प्रिाह दर और भसभलिॉन तेल िी उपस्थितत से प्रिावित िी। तनष्िष ूमें, तरल mAb नममनों में 
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बुलबुले िे माध्यम से हिा/तरल इंटरफेभशयल तनाि िे संपिू में आने से प्रिािी ढंग से उप-दृश्यमान 
और दृश्यमान समुच्िय उत्पन्न होते हैं, स्जससे एयर बबभलगं mAb िे इंटरफेभशयल तनाि परीक्षण िे 
भलए एि आिषिू दृस्ष्टिोण बन जाता है। 

 

एि बार जब mAb युक्त नममना मानि शरीर में डाला जाता है, तो शारीररि तरल पदािों में mAb िी 
स्थिरता समय िे साि भिन्न हो सिती है, और इसभलए, स्थिरता ममल्यांिन िे भलए विभिन्न इन-विरो 
मॉडल िा उपयोग किया जाता है। फॉथफेट-बफ़ड ूसेलाइन (पीबीएस) एि बफर है, स्जसिा उपयोग शरीर 
विज्ञान िी स्थिततयों िी निल िरने िे भलए िी किया जाता है। mAb युक्त नममनों िो एि बार 
प्रशाभसत किए जाने पर रक्त िे विभिन्न मैठरक्स घटिों िा सामना िरना पड़ता है। हालााँकि, पीबीएस 
सीरम और एिएसएफ जैस ेइन-विरो मॉडल में पाए जाने िाले विभिन्न अणुओं से रठहत है। तीसरा 
उद्देश्य पीबीएस में mAb िे समग्र प्रोफाइल िी तुलना सीरम और एिएसएफ जैसे इन-विरो मॉडल से 
िरना िा। इस अध्ययन में, पीबीएस में mAb िे एित्रीिरण और विभिन्न तनािों िे अधीन mAb 
नममनों िे साि शरीर िे तरल पदाि ूसे प्राप्त मॉडल िी तुलना िी गई। यह िी पाया गया कि पीबीएस 
और सीरम युक्त mAb िो सरगमी और इंटरफेभशयल उते्तजना िे अधीन किया गया, स्जसिे 
पररणामथिरूप> 2 माइक्रोन आिार िे समुच्िय िे, और औसत आिार और >10 माइक्रोन आिार िाल े
िणों िी प्रततशत संख्या सिी विश्लेषण समय त्रबदं ुपर पीबीएस िी तुलना में सीरम में अचधि िी। . 
िुल भमलािर, यह पाया गया कि पीबीएस में mAb िा एित्रीिरण मानि शरीर िे तरल पदािों से 
प्राप्त विभिन्न मॉडल िे। 
 

चिकित्सीय प्रोटीन, जैस ेकि mAbs, फेरस आयनों (Fe2+) या हाइड्रोजन पेरोक्साइड (H2O2) जैसे रसायनों िे 
संपिू में आने पर क्षरण िा िारण बनते हैं। H2O2 और Fe2+ फें टन प्रततकक्रया द्िारा प्रततकक्रया िरिे 
हाइड्रॉस्क्सल रेडडिल (•OH) बनाते हैं, जो प्रोटीन िो तेजी से नष्ट िरने िे भलए जाने जाते हैं। अंतःभशरा 
प्रशासन से पहले, mAb उत्पाद िो अक्सर सामान्य खारा में पतला किया जाता है। विभिन्न रोगों िे 
दौरान मानि शरीर में Fe2+ और H2O2 िा बढ़ा हुआ थतर पाया जा सिता है। िौिा उद्देश्य खारा और 
इन-विरो मॉडल में Fe2+ और H2O2 िी संयुक्त उपस्थितत में चिकित्सीय mAb िी स्थिरता िी जांि िरना 
िा। Fe2+ और H2O2 दोनों िी संयुक्त उपस्थितत िाले mAb िाले खारे नममनों में 20% से अचधि HMW 

प्रदभशतू हुआ, जबकि िेिल Fe2+, H2O2 या न होने िाले नममनों में क्रमशः 2.5% से िम HMW प्रदभशतू 
हुआ। समग्र-समदृ्ध नममनों में पररितततू प्रोटीन संरिना और हाइड्रोफोत्रबभसटी िी प्रदभशतू हुई। Fe2+ और 
H2O2 िा समय, तापमान और सांद्रता बढ़ने पर एित्रीिरण में िदृ्चध हुई। यह िी पाया गया कि Fe2+ 

और H2O2 दोनों िी उपस्थितत में, इन-विरो मॉडल जैसे िृत्रत्रम रूप से तैयार बानयिोभशिीय खारा, HSF 

और सीरम िे पररणामथिरूप mAb िा एित्रीिरण बढ़ा। तनष्िष ूमें, mAb युक्त नममनों में Fe2+ और H2O2 
दोनों िी उपस्थितत िे पररणामथिरूप हाइड्रॉस्क्सल रेडडिल्स िे गठन िी तुलना में िई गुना mAb 

क्षरण हुआ। 
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mAb िाले नममनों िो आम तौर पर 2-8°C पर संग्रठहत किया जाता है। हालााँकि, उत्पाद विभिन्न िरणों 
िे दौरान उच्ि तापमान िे अधीन हो सिता है, और यह mAb िी ममल संरिना िो त्रबगाड़ सिता है, 

स्जससे अंततः उत्पाद खराब हो सिता है। टॉररन एि प्रािृतति रूप से पाया जाने िाला सल्फर युक्त 
अमीनो एभसड है, जो प्रोटीन िो स्थिरता प्रदान िरने िे भलए जाना जाता है। पााँििााँ उद्देश्य mAb िे 
क्षरण िो िम िरने िे भलए एि सहायि पदाि ूिे रूप में टॉररन िी क्षमता िा ममल्यांिन िरना िा। 
इस िाय ूमें, तिनीिों और परखों िी एि श्ृखंला िा उपयोग िरिे mAb िी स्थिरता िी तनगरानी िी 
गई िी। 30 भमनट िे भलए िमलू तनाि द्िारा mAb1 युक्त नममनों िे जबरन क्षरण िे पररणामथिरूप 
टॉररन िाले नममने िी तुलना में टॉररन रठहत नममने में एिएमडब्लल्यम 65% से अचधि हो गया। टॉररन िे 
त्रबना mAb1 िाले नममनों में टॉररन िाले नममनों िी तुलना में पररितततू प्रोटीन संरिना, उच्ि 
हाइड्रोफोत्रबभसटी और िम वपघलने िा तापमान होता है। टॉररन िा स्थिरीिरण प्रिाि विभिन्न mAb 

और टॉररन सांद्रता, समय, तापमान, बफ़स ूऔर पॉलीसोबेट 80 (PS80) िी उपस्थितत पर बरिरार रखा 
गया िा। इसिे अततररक्त, टॉररन िी उपस्थितत में mAb ने हल्िे तनाि, प्रिाश और H2O2 िे संयोजन, 

और Fe2+ और H2O2 िे संयोजन िे साि तनाि िे अधीन होने पर बढ़ी हुई स्थिरता ठदखाई। तनष्िष ू
में, mAb युक्त नममनों में टॉररन िी उपस्थितत ने इसिी स्थिरता िो बढ़ाया, स्जसस ेएि स्थिर एजेंट िे 
रूप में इसिे संिावित उपयोग िा संिेत भमलता है। 
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H2O2 (C), and neither FeSO4.7H2O nor H2O2 (D). The unstressed sample is 
shown in (E). 
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6.9 %HMW obtained for different samples of HSF and extracellular saline 
containing mAb1 (1 mg/mL) having the presence of both 0.2mM Fe2+ and 
0.1% H2O2 incubated at 37°C for 3 hours is shown in (a). %HMW obtained 
by SEC for different FBSF samples of mAb1 (0.2 mg/mL) incubated at 
55°C for 72 hours is shown in (b), and %HMW in different samples of 
mAb1 (0.2 mg/mL) incubated in FBSF at 40°C for 72 hours is shown in (c). 
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6.10 %LMW obtained by SEC for different samples of mAb1 (0.2 mg/mL) 
incubated at 55°C in FBSF for 72 hours is shown in (a) and, the %LMW for 
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different samples of mAb1 (0.2 mg/mL) incubated at 40°C in FBSF for 72 
hours is shown in (b). 

6.11 Fluorescence microscope image showing aggregates of mAb1 (0.2 mg/mL) 
in serum containing 0.8 mM FeSO4.7H2O and 0.375% H2O2 incubated at 
40°C for 72 hours is shown in (a), the output image after processing shown 
in (b), and the size distribution of aggregates obtained by compiling a set of 
images is shown in (c). 
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6.12 Fluorescence microscope image showing aggregates of mAb in serum 
containing both 0.2 mM FeSO4.7H2O and 0.1% H2O2, incubated at 55°C for 
72 hours is shown in (a) The output image after processing of the image (a) 
is shown in (b), and the size distribution of aggregates obtained after 
processing a set of fluorescence microscope images is shown in (c). 
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6.13 Hemolytic cytotoxicity of samples containing 1 mg/mL mAb1 in the 
presence of 0.2 mM FeSO4.7H2O and/or 0.1% H2O2. Samples (A), (B), (C), 
and (D) are mAb sample in saline containing 0.2 mM FeSO4.7H2O (A), 
0.1% H2O2 (B), both 0.2 mM FeSO4.7H2O and 0.1% H2O2 (C), and neither 
FeSO4.7H2O nor H2O2 (D). 
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6.14 SEC chromatogram obtained using Superdex 75 column for the sample 
containing mAb1 (1mg/mL) in saline having both 0.2 mM FeSO4.7H2O and 
0.1% (C) incubated at 55°C. The SEC chromatogram of marker proteins 
having a molecular weight of 66.5 kDa and 30 kDa are also shown. 
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6.15 Schematic figure showing the production of hydroxyl radical by Fenton 
reaction and degradation of therapeutic mAb. 
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7.1 Chemical structure of taurine is shown in (a). %HMW, %Monomer, and 
%LMW at obtained different time points in samples containing mAb1 with 
and without 250 mM taurine subjected to thermal stress of 70°C are shown 
in (b), (c), and (d). SEC chromatogram of samples containing mAb1 with 
and without 250 mM taurine subjected to thermal stress of 70°C for 30 
minutes is depicted in (e). 
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7.2 Intrinsic fluorescence spectra of samples containing mAb1 with and without 
250 mM taurine subjected to thermal stress of 70°C for 30 and 720 minutes 
are shown in (a) and (b). Far-UV CD spectra of samples containing mAb 
with and without 250 mM taurine subjected to thermal stress of 70°C for 30 
and 720 minutes are shown in (c) and (d). Second derivative ATR-FTIR 
spectra of samples containing 10 mg/mL mAb with and without 250 mM 
taurine subjected to stress at 70°C for 120 minutes is shown in (e). Extrinsic 
fluorescence spectra of samples containing mAb with and without 250 mM 
taurine subjected to thermal stress at 70°C for 30 minutes is shown in (f). 

167 

7.3 %HMW and %Monomer obtained by SEC of samples C, T1, T2, and T3 
containing 1mg/mL mAb1 in PBS subjected to thermal stress of 70°C for 
30 minutes are shown in (a), and (b). Extrinsic fluorescence spectra of 
samples C, T1, T2, and T3 containing 1mg/mL mAb1 in PBS subjected to 
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thermal stress of 70°C for 30 minutes are shown in (c). %Monomer obtained 
by SEC for samples with and without 250 mM taurine containing different 
concentrations of mAb1 subjected to thermal stress of 70°C for 30 minutes 
is shown in (d). %HMW and %Monomer obtained by SEC of samples 
containing 0.01% PS80, 250 mM ectoine, 250 mM taurine, and 250 mM 
trehalose is shown in (e) and (f). %HMW and %Monomer obtained by SEC 
of samples containing 1mg/mL mAb1 with and without 250 mM taurine in 
histidine buffer subjected to thermal stress of 70°C for 4 hours are shown 
in (g) and (h). Percentage of HMW and monomer obtained by SEC of 
samples containing 5mg/mL mAb1 in histidine buffer with 0 and 250 mM 
taurine subjected to thermal stress of 55°C for 12 days are shown in (i) and 
(j). 

7.4 Visual turbidity, OD at 350 nm, and extrinsic fluorescence spectra of 
samples C, T1, T2, and T3 containing 1 mg/mL mAb1 subjected to thermal 
stress at 70°C for 24 hours are shown in (a), (b), and (c). Samples containing 
mAb having different concentrations of taurine (C, T1, T2, and T3) 
incubated at 70°C for up to 150 minutes were not visually turbid. However, 
when samples T, T1, T2, and C were incubated for 24 hours at 70°C, it was 
found that samples T3 and T2 were visually the least turbid, and the visual 
turbidity increased with a decrease in taurine concentration, as sample C 
showed maximum visual turbidity. Samples containing 0, 10, 100, and 250 
mM taurine are termed C, T1, T2, and T3. HMW obtained by SEC of 
samples with different concentrations of taurine (250 mM-700 mM) 
containing mAb1 subjected to thermal stress of 70°C for 30 minutes is 
shown in (d). 

171 

7.5 %HMW and %Monomer obtained by SEC for samples C, T1, T2, and T3 
containing mAb1 subjected to thermal stress of 65°C for 150 minutes is 
shown in (a) and (b). Intensity at 505 nm obtained from extrinsic 
fluorescence spectra for samples containing 1 mg/mL mAb in PBS with 250 
and 0 mM taurine subjected to thermal stress of 65°C for 150 minutes is 
shown in (c). Figures (d) and (e) shows the %HMW and %Monomer for 
samples containing mAb in PBS with 250 and 0 mM taurine subjected to 
thermal stress of 65°C for different time intervals of up to 24 hours. %HMW 
obtained by SEC for samples C, T1, T2, and T3 containing mAb1 subjected 
to thermal stress of 65°C for different time intervals is shown in (f). 
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7.6 HMW obtained by SEC of samples with 250 and 0 mM taurine containing 
different concentrations of mAb1 subjected to thermal stress of 70°C for 30 
minutes is shown in (a). SEC output of samples containing 5 mg/mL mAb1 
subjected to thermal stress of 70°C for 30 minutes is shown in (b). HMW 
obtained by SEC of samples C, T1, T2, and T3 containing 5 mg/mL mAb1 
subjected to thermal stress is shown in (c). %HMW obtained by SEC for 
samples containing constant molar ratio (0.67) of mAb to taurine with 
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different concentrations of mAb1 that were subjected to thermal stress at 
70°C for 30 minutes is shown in (d). 

7.7 Monomer obtained by SEC of samples containing 1mg/mL mAb2 with and 
without 250 mM taurine in PBS subjected to thermal stress of 60°C are 
shown in (a). Monomer obtained by SEC of samples containing 1mg/mL 
mAb2 with and without 250 mM taurine in phosphate buffer subjected to 
thermal stress of 60°C are shown in (b). 
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7.8 Percentage of IgG monomer in samples containing 1 mg/mL mAb1 in PBS 
with and without 250 mM taurine subjected to light of 365 nm wavelength 
at 45°C are shown in (a). Percentage of monomer obtained by SEC of 
samples containing 1 mg/mL mAb1 with and without 250 mM taurine 
subjected to combined presence of light and 0.1% H2O2 at 40°C is shown 
in (b). The amount of monomer obtained by SEC of samples containing 1 
mg/mL mAb1 with and without 250 mM taurine subjected to stress in the 
combined presence of 0.2 mM Fe2+ and 0.1% H2O2 at 40°C is shown in (c). 
SEC chromatogram of samples containing 1 mg/mL mAb1 with and 
without 250 mM taurine analyzed after incubation in light for 15 minutes is 
shown in (d). SEC chromatogram of samples containing 1 mg/mL mAb1 
with and without 250 mM taurine analyzed after incubation in the combined 
presence of Fe2+ and H2O2 for 60 minutes is shown in (e). 
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7.9 Supernatants after the final centrifugation step in hemolysis assay for 
different samples are shown in (a), and the hemolytic activities are shown 
in (b). In the figures, PBS is blank, and C, T1, T2, and T3 are mAb 
containing samples in the presence of 0, 10, 100, and 250 mM taurine. 
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