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molecular species in a sample in an untargeted, label-free 
manner.

Since its development for biomolecular imaging by the 
���-�r�u�b�o�t�b�� �]�u�o�†�r�� �b�m�� �•�–�–�•�71�� ���"���� �_�-�v�� �;�v�|�-�0�t�b�v�_�;�7�� �b�|�v�;�t�=�� �|�o��
�;�m�1�-�r�v�†�t�-�|�;�� �l�-�m�‹�� �0�b�o�-�m�-�t�‹	ž�1�-�t�� �-�r�r�t�b�1�-	ž�o�m�v�7�� �-�m�-�t�‹�v�b�m�]��
a variety of samples including single-cells, three-dimen-
�v�b�o�m�-�t�� �1�†�t�|�†�u�;�v�7�� �-�m�b�l�-�t�� 	ž�v�v�†�;�v�7�� �‰�_�o�t�;�� �u�o�7�;�m�|�v�7�� �r�-	ž�;�m�|��
�l�b�1�u�o�-�u�u�-�‹�v���-�m�7���0�b�o�r�v�b�;�v�7���C�m�]�;�u�l�-�u�h�v�7���-�m�7���_�†�l�-�m���_�-�b�u�:�‘�K�v 
Over the last decade, technical advancements in instru-
�l�;�m�|�-	ž�o�m���_�-�ˆ�;���-�t�t�o�‰�;�7���ˆ�-�v�|���b�l�r�u�o�ˆ�;�l�;�m�|�v���b�m�����"�����v�r�;�;�7�7��
�v�r�-	ž�-�t���u�;�v�o�t�†	ž�o�m���-�m�7���v�;�m�v�b	ž�ˆ�b�|�‹�:�����m���-�7�7�b	ž�o�m�7�����"�����l�o�7�-�t�b-
	ž�;�v�� �;�l�r�t�o�‹�b�m�]�� �-���‰�b�7�;�� �u�-�m�]�;�� �o�=�� �b�o�m�b�v�-	ž�o�m�� �v�o�†�u�1�;�v�� �_�-�ˆ�;��
�0�;�;�m���7�;�ˆ�;�t�o�r�;�7���b�m�1�t�†�7�b�m�]�9

���„ �l�-�|�u�b�Š�J�-�v�v�b�v�|�;�7���t�-�v�;�u���7�;�v�o�u�r	ž�o�m���b�o�m�b�v�-	ž�o�m���P�������	���Q�7���-��
�v�o�[�� �b�o�m�b�v�-	ž�o�m�� �|�;�1�_�m�b�t�†�;���‰�_�b�1�_�� �;�l�r�t�o�‹�v�� �t�-�v�;�u�� �;�m�;�u�]�‹��
and an absorbing matrix;
���„ �v�;�1�o�m�7�-�u�‹���b�o�m�b�v�-	ž�o�m���l�-�v�v���v�r�;�1�|�u�o�l�;�|�u�‹���P�"�����"�Q�7���†�v�b�m�]��
�-���=�o�1�†�v�;�7���r�u�b�l�-�u�‹���0�;�-�l���o�=���b�o�m�v���u�;�v�†�t	ž�m�]���b�m���|�_�;���-�m�-�t�‹�v�b�v��
of secondary ions ejected from the sample surface;
���„ �7�;�v�o�u�r	ž�o�m�� �;�t�;�1�|�u�o�v�r�u�-�‹�� �b�o�m�b�v�-	ž�o�m�� �P�	���"���Q�7�� �-�m�� �-�l�0�b�;�m�|��
�b�o�m�b�v�-	ž�o�m���l�;�|�_�o�7�o�t�o�]�‹���ˆ�b�-���-���v�o�t�ˆ�;�m�|���v�r�u�-�‹�8

���„ �t�-�v�;�u�� �-�0�t�-�|�b�o�m�� �b�m�7�†�1�|�b�ˆ�;�t�‹�� �1�o�†�r�t�;�7�� �r�t�-�v�l�-�� �P�����J�������Q��
involves a nanosecond-pulsed laser to the sample 
surface; and

���„ �t�b�t�†�b�7�� �;�Š�|�u�-�1�|�b�o�m�� �v�†�u�=�-�1�;�� �-�m�-�t�‹�v�b�v�� �P�����"���Q�� �ˆ�b�-�� �7�b�u�;�1�|��
�l�b�1�u�o�J�f�†�m�1	ž�o�m���v�o�t�ˆ�;�m�|���;�Š�|�u�-�1	ž�o�m�:
Early images took 1–2�Smin per pixel at 25�S
•�l�� �v�r�-	ž�-�t��

�u�;�v�o�t�†	ž�o�m,1�� �1�o�l�r�-�u�;�7�� �|�o�� �l�o�7�;�u�m�J�7�-�‹�� �b�m�v�|�u�†�l�;�m�|�-	ž�o�m��
�‰�_�;�u�;�� �|�_�;�� �b�l�-�]�;�� �-�1�t�†�b�v�b	ž�o�m�� 	ž�l�;�� �_�-�v�� �7�;�1�u�;�-�v�;�7�� �0�‹�� �-��
�=�-�1�|�o�u���o�=���†�r���|�o���‘�•��	ž�l�;�v�:�– This is an astounding advance-
ment in two decades and has allowed ever more diverse 
�-�r�r�t�b�1�-	ž�o�m�v���|�o���0�;���†�m�7�;�u�|�-�h�;�m�8���=�o�u���;�Š�-�l�r�t�;�7���������	���J���"����
of a whole rodent body section at 100�S
•�l��pixel size 
�_�-�v�� �0�;�;�m�� �u�;�r�o�u�|�;�7�� �-�v�� �0�;�b�m�]�� �-�1�t�†�b�u�;�7�� �b�m�� �t�;�v�v�� �|�_�-�m�� �•�’�Sh 
(Figure 1).

���"���� �_�-�v�� �_�-�7�� �-�� �7�u�-�l�-	ž�1�� �b�m�Y�†�;�m�1�;�� �o�m�� �|�_�;�� �r�_�-�u�l�-�1�;�†-
	ž�1�-�t�� �b�m�7�†�v�|�u�‹�7�� �r�-�u	ž�1�†�t�-�u�t�‹�� �b�m�� �r�u�;�J�1�t�b�m�b�1�-�t�� �7�u�†�]�� �7�b�v�1�o�ˆ�;�u�‹�:��
�$�_�;���7�;�ˆ�;�t�o�r�l�;�m�|���o�=���_�b�]�_�J�u�;�v�o�t�†	ž�o�m���b�l�-�]�b�m�]���_�-�v���;�m�-�0�t�;�7��
�r�u�;�1�b�v�;�� �t�o�1�-�t�b�v�-	ž�o�m�� �o�=�� �|�_�;�u�-�r�;�†	ž�1�v�� �v�b�l�†�t�|�-�m�;�o�†�v�t�‹���‰�b�|�_��
	ž�v�v�†�;�� �0�b�o�l�-�u�h�;�u�v�� �=�o�u�� �;�@�;�1	ž�ˆ�;�� �1�o�l�r�o�†�m�7�� �;�L�1�-�1�‹�� �-�m�7��
�v�-�=�;�|�‹�� �r�u�o�C�t�b�m�]�:�� ���"���� �1�-�m�� �0�;�� �†�v�;�7�� �|�o�� �b�7�;�m	ž�=�‹�� �=�-�b�t�†�u�;�v�� �b�m��
�7�u�†�]�� �7�;�ˆ�;�t�o�r�l�;�m�|�� �|�_�†�v�� �r�u�;�ˆ�;�m	ž�m�]�� �_�b�]�_�� �-�‚�u�b	ž�o�m�� �u�-�|�;�v�7��
�v�b�]�m�b�C�1�-�m�|�t�‹���u�;�7�†�1�b�m�]���C�m�-�m�1�b�-�t���1�o�v�|�v���-�m�7���r�u�o�f�;�1�|��	ž�l�b�m�]�v�:

���l�r�u�o�ˆ�;�l�;�m�|�v���b�m���v�r�-	ž�-�t���u�;�v�o�t�†	ž�o�m�7���-�1�t�†�b�v�b	ž�o�m��	ž�l�;���-�m�7��
�u�;�r�u�o�7�†�1�b�0�b�t�b�|�‹���_�-�ˆ�;���l�;�-�m�|���|�_�-�|���|�_�;���†�v�;���o�=�����"�����b�m���1�t�b�m�b�1�-�t��
settings seems closer than ever. The idea of carrying 
out MS-based analysis either �b�m���v�b�|�†�� �o�u�� �7�†�u�b�m�]�� �u�;�-�t�J	ž�l�;��
surgery on patient biopsies will contribute to making 

��b�]�†�u�;���•�:�������1�o�l�r�-�u�b�v�o�m���o�=���b�l�-�]�b�m�]���1�-�r�-�0�b�t�b	ž�;�v���b�m���|�;�u�l�v���o�=���v�r�-	ž�-�t���u�;�v�o�t�†	ž�o�m�7���-�u�;�-��
�o�=���-�1�t�†�b�v�b	ž�o�m���-�m�7���v�r�;�;�7���o�ˆ�;�u���|�_�;���t�-�v�|���|�‰�o���7�;�1�-�7�;�v�:���-�Q���"�_�o�‰�v���-���������	�����b�l�-�]�;���o�=���-�m��
�-�]�]�u�;�]�-�|�;���o�=���_�†�l�-�m���0�†�1�1�-�t���l�†�1�o�v�-���1�;�t�t�v���-�|���‘�”�S
•�l���t�-�v�;�u���v�r�o�|���v�b�Œ�;���b�m���•�–�–�•�:���0�Q�����m���1�o�m�J
�|�u�-�v�|�7���-���������	�����b�l�-�]�;���o�=���-�m���;�m	ž�u�;���u�o�7�;�m�|���0�o�7�‹���v�;�1	ž�o�m���-�|���•�•�•�S
•�l���b�m���‘�•�•�•���P�m�o�|���|�o��
�v�1�-�t�;�7���-�7�-�r�|�;�7���=�u�o�l���!�;�=�;�u�;�m�1�;���•���-�m�7��Chemical & Engineering Magazine�7���=�u�o�m�|���1�o�ˆ�;�u�7��
�”�����†�m�;���‘�•�•�•���R�1�u�;�7�b�|�����l�-���b�o�|�;�1�_�S�Q�:
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precision medicine a reality.10 ���u�;�1�b�v�b�o�m�� �l�;�7�b�1�b�m�;�� �b�v�� �|�_�;��
ideal process in diagnosis, care and treatment of one’s 
�1�o�m�7�b	ž�o�m�7���-���v�|�;�r���-�‰�-�‹���=�u�o�l���|�_�;���1�t�-�v�v�b�1���>�v�b�]�m�v�J�-�m�7�J�v�‹�l�r-
�|�o�l�v�?�� �-�r�r�u�o�-�1�_�:�� ���o�m�b�|�o�u�b�m�]�� �|�_�;�� �-�t�|�;�u�-	ž�o�m�v�� �o�=�� �v�r�;�1�b�C�1��
endogenous molecules (such as lipids, peptides and 
�l�;�|�-�0�o�t�b�|�;�v�Q�� �b�m�� �-�� �v�r�-	ž�-�t�t�‹�J�u�;�v�o�t�ˆ�;�7�� �l�-�m�m�;�u�� �1�-�m�� �r�u�o�ˆ�b�7�;��
valuable insights into the normal or diseased state and 
can be used as a personalised tool for diagnosis, prog-
�m�o�v�b�v���-�m�7���l�o�m�b�|�o�u�b�m�]�� �o�=���7�b�v�;�-�v�;�:�����t�u�;�-�7�‹�7�����"���� �b�m���1�t�b�m�b�1�-�t��
research has led to the discovery of disease biomarkers, 
especially in oncology, and helped understanding the 
molecular mechanisms causing certain pathologies.11,12 
���m�� �b�m�v�b�]�_�•�†�t�� �v�|�†�7�‹�� �0�‹�� �|�_�;�� ���u�b�7�;�-�†�Š�� �u�;�v�;�-�u�1�_�� �]�u�o�†�r�� �b�m��
�‘�•�•�v�� �u�;�r�o�u�|�;�7�� �o�m�� �l�‹�1�o�0�-�1�|�;�u�b�-�t�� �0�b�o�l�-�u�h�;�u�v�� �-�m�7�� �|�_�;��
�1�o�J�u�;�]�b�v�|�u�-	ž�o�m�� �o�=�� �7�u�†�]�v�� �|�o�� �|�u�;�-�|�� �|�†�0�;�u�1�†�t�o�v�b�v�� �b�m�� �-�m�b�l�-�t��
�l�o�7�;�t�v���†�v�b�m�]���������	���J���"���:13�����l�-�]�;�v���b�m�1�t�†�7�;�7���|�_�;���v�r�-	ž�-�t��
�7�b�v�|�u�b�0�†	ž�o�m�� �o�=�� �0�-�1�|�;�u�b�-�t�� �r�o�r�†�t�-	ž�o�m�v�� �b�m�� �7�b�v	ž�m�1�|�� �u�;�]�b�o�m�v��
of �;�Š���ˆ�b�ˆ�o��	ž�v�v�†�;�v���‰�b�|�_���|�_�;���-�0�b�t�b�|�‹���|�o���ˆ�b�v�†�-�t�b�v�;���r�-�‚�;�u�m�v���o�=��
drug delivery.

���"���� �u�;�l�-�b�m�v�� �-�� �t�-�u�]�;�t�‹�� �-�1�-�7�;�l�b�1�� �;�Š�;�u�1�b�v�;�� �b�m�� �|�_�;�� �C�;�t�7��
of forensic analysis apart from its use in the analysis 
�o�=�� �C�m�]�;�u�l�-�u�h�v�:�� ���o�|�_�� �"�����"�� �-�m�7�� �������	���� �=�;�-�|�†�u�;�� �b�m�� �|�_�;��
���o�l�;�� ���L�1�;�� ��b�m�]�;�u�l�-�u�h���(�b�v�†�-�t�b�v�-	ž�o�m�� ���-�m�†�-�t�� �P��(���Q14 
�-�v�� ���-�|�;�]�o�u�‹�� ���� �|�;�1�_�m�b�t�†�;�v�� �b�m�7�b�1�-�|�b�m�]�� �r�u�o�1�;�v�v�;�v�� �>�-�|�� �-��
�7�;�ˆ�;�r�o�r�l�;�m�|�-�r�� �v�|�-�]�;�� �;�Š�_�b�0�b�|�b�m�]�� �r�o�|�;�m�|�b�-�r�� �P�8�8�8�Q�� �-�m�� �o�r�|�b�o�m�-�r��
�r�u�o�1�;�v�v�� �=�o�u�� �o�1�1�-�v�b�o�m�-�r�� �o�r�;�u�-�¼�o�m�-�r�� �†�v�;�� �P�9�Q���‰�_�;�m�� ���-�|�;�]�o�u�‹��
���� �r�u�o�1�;�v�v�;�v�� �_�-�ˆ�;�� �0�;�;�m�� �;�Š�_�-�†�v�|�;�7”. Category A processes 
�-�u�;���‰�;�t�t���;�v�|�-�0�t�b�v�_�;�7���-�m�7���b�m�1�t�†�7�;���o�r	ž�1�-�t���P�b�:�;�:���l�†�t	ž�v�r�;�1�|�u�-�t��
�b�l�-�]�b�m�]�7�� �b�m�=�u�-�u�;�7�� �u�;�Y�;�1	ž�o�m�7�� �†�t�|�u�-�ˆ�b�o�t�;�|�� �u�;�Y�;�1	ž�o�m�� �;�|�1�:�Q�7��
chemical (i.e. superglue fuming, ninhydrin, acid dyes etc.) 
and physical processes (i.e. vacuum metal deposition, 
enhancing powders etc.).

�&�m�t�b�h�;���"�����"�7���7�†�;���|�o���|�_�;���ˆ�-�v�|���0�o�7�‹���o�=���h�m�o�‰�t�;�7�]�;�7���‰�b�7�;�u��
�1�o�l�r�-	ž�0�b�t�b�|�‹���‰�b�|�_�����-�|�;�]�o�u�‹�������r�u�o�1�;�v�v�;�v���-�m�7���b�l�r�t�;�l�;�m�|�--
	ž�o�m���b�m���v�o�l�;���1�-�v�;�‰�o�u�h�7���������	���J���"�����b�v���m�o�‰���b�m���|�_�;���r�u�o�1�;�v�v��
�|�o���0�;���r�u�o�l�o�|�;�7�7���b�m���|�_�;���m�;�Š�|����(�����;�7�b	ž�o�m�7���|�o�����-�|�;�]�o�u�‹������
�b�m�7�b�1�-	ž�m�]���-�m���>�;�v�|�-�0�r�b�v�_�;�7���r�u�o�1�;�v�v���P�8�8�8�Q���r�b�h�;�r�‹���|�o���o�@�;�u���0�;�m�;�C�|�v��
�P�8�8�8�Q���=�o�u���o�1�1�-�v�b�o�m�-�r���o�r�;�u�-�¼�o�m�-�r���†�v�;���P�8�8�8�Q���-�m�7���‰�_�;�m���-�r�r�����-�|�;�]�o�u�b�;�v��
���� �o�r�¼�o�m�v���_�-�ˆ�;�� �0�;�;�m���;�Š�_�-�†�v�|�;�7�?�:�����7�7�b	ž�o�m�-�t�t�‹�7�� �-�l�o�m�]�v�|�� �-�t�t��
�|�_�;�� ���"���� �|�;�1�_�m�b�t�†�;�v�7�� �|�o�� �|�_�;�� �0�;�v�|�� �o�=�� �|�_�;�� �-�†�|�_�o�u�v�=�� �h�m�o�‰�t-
�;�7�]�;�7���������	�����_�-�v���0�;�;�m���|�_�;���o�m�t�‹���o�m�;���|�_�-�|���_�-�v���0�;�;�m���†�v�;�7��
�b�m�� �o�r�;�u�-	ž�o�m�-�t�� �1�-�v�;�‰�o�u�h�� �0�o�|�_�� �b�m�� �|�_�;�� �&��15 and overseas. 
�$�_�;�v�;�� �1�b�u�1�†�l�v�|�-�m�1�;�v�� �-�u�;�� �|�;�v	ž�l�o�m�‹�� �|�o�� �|�_�;�� �1�o�m	ž�m�†�o�†�v��
�-�7�ˆ�-�m�1�;�l�;�m�|�v���o�=���������	���J���"�����b�m���|�_�b�v���C�;�t�7�:�����o�‰�;�ˆ�;�u�7���=�†�t�t��
�b�l�r�t�;�l�;�m�|�-	ž�o�m���P�b�m�1�t�†�7�b�m�]���b�m���-���1�o�†�u�|���o�=���t�-�‰�Q���b�v���v	ž�t�t���v�o�l�;-
what hindered by the challenge of undertaking method 
�ˆ�-�t�b�7�-	ž�o�m���‰�_�b�1�_���‰�o�†�t�7�� �u�;�t�†�b�u�;�� �|�;�v	ž�m�]�� �u�o�0�†�v�|�m�;�v�v�� �-�m�7��
�;�@�;�1	ž�ˆ�;�m�;�v�v�� �o�=�� �|�_�;�� �l�;�|�_�o�7�v�� �-�]�-�b�m�v�|�� �-�� �t�-�u�]�;�� �m�†�l�0�;�u�� �o�=��

�C�m�]�;�u�l�-�u�h�v�� �=�u�o�l�� �-�� �t�-�u�]�;�� �m�†�l�0�;�u�� �o�=�� �7�o�m�o�u�v�7�� �v�†�u�=�-�1�;�v�� �o�=��
�7�;�r�o�v�b	ž�o�m�v�7�� �;�m�ˆ�b�u�o�m�l�;�m�|�-�t�� �1�o�m�7�b	ž�o�m�v�� �-�m�7�� �-�]�-�b�m�v�|�� �-�m��
�-�v���t�-�u�]�;���m�†�l�0�;�u���o�=���=�o�u�;�m�v�b�1���;�m�_�-�m�1�;�l�;�m�|���|�;�1�_�m�b�t�†�;�v���-�v��
possible. This is not considered original work by funders 
�-�m�7�� �b�|�� �b�v�� �o�[�;�m�� �|�_�;�� �]�b�ˆ�;�m�� �u�;�-�v�o�m���‰�_�‹�� �v�†�1�_�� �v�|�†�7�b�;�v�� �-�u�;��
not funded, despite being the last hurdle prior to full 
operational implementation. This potentially negates 
�|�_�;�� �1�o�m�v�b�7�;�u�-�0�t�;�� �b�l�r�-�1�|�� �o�m�� �|�_�;�� �1�u�b�l�b�m�-�t�� �f�†�v	ž�1�;�� �v�‹�v�|�;�l��
�-�m�7���o�m���v�-�=�;���v�o�1�b�;	ž�;�v���|�_�-�|���o�r�;�u�-	ž�o�m�-�t���b�l�r�t�;�l�;�m�|�-	ž�o�m���o�=��
�������	���J���"�����1�o�†�t�7���o�@�;�u�:

�$�_�;�� �-�b�l�� �o�=�� �|�_�b�v�� �r�;�u�v�r�;�1	ž�ˆ�;�� �b�v�� �|�o�� �t�o�o�h�� �-�|�� �|�_�;�� �b�v�v�†�;�v�� �b�m��
���"���7���0�o�|�_���|�;�1�_�m�b�1�-�t���-�m�7���m�o�m�J�|�;�1�_�m�b�1�-�t�7���|�_�-�|���-�u�;���1�†�u�u�;�m�|�t�‹��

�>�u�o�-�7�0�t�o�1�h�v�?�� �|�o�� �b�|�v�� �=�†�u�|�_�;�u�� �-�7�o�r	ž�o�m�� �b�m�� �u�;�-�t�J�‰�o�u�t�7�� �-�r�r�t�b-
�1�-	ž�o�m�v�:���$�_�;�� �u�o�-�7�0�t�o�1�h�v�� �|�o�� �0�;�� �7�b�v�1�†�v�v�;�7�� �-�u�;�9�� �o�0�|�-�b�m�b�m�]��
�-�r�r�u�o�r�u�b�-�|�;�� �v�-�l�r�t�;�v�7�� �1�o�l�r�t�;�Š�� �v�-�l�r�t�;�� �r�u�;�r�-�u�-	ž�o�m�7�� �t�o�m�]��
�v�-�l�r�t�;�� �-�m�-�t�‹�v�b�v�� 	ž�l�;�v�7�� �r�o�o�u�� �l�o�t�;�1�†�t�-�u�� �v�r�;�1�b�C�1�b�|�‹�7�� �r�o�o�u��
�v�;�m�v�b	ž�ˆ�b�|�‹�� �-�m�7�� �r�o�o�u�t�‹�� �7�;�ˆ�;�t�o�r�;�7�� �7�-�|�-�� �r�u�o�1�;�v�v�b�m�]�� �|�o�o�t�v�:��
�$�_�;���t�b�|�;�u�-�|�†�u�;���_�-�v���0�;�;�m���;�Š�-�l�b�m�;�7���-�m�7���r�u�o�r�o�v�;�7���v�o�t�†	ž�o�m�v��
�|�_�-�|�� �_�-�ˆ�;�� �;�l�;�u�]�;�7�� �b�m�� �u�;�1�;�m�|���‹�;�-�u�v�� �=�o�u�� �|�_�;�v�;�� �r�-�u	ž�1�†�t�-�u��
roadblocks are discussed.

�!�o�-�7�0�t�o�1�h�v���-�m�7���;�m�-�0�t�;�u�v
���0�|�-�b�m�b�m�]���v�-�l�r�t�;�v
Clinical samples
���-�m�‹�� �1�t�b�m�b�1�-�t�� �b�m�v	ž�|�†	ž�o�m�v�� �v�†�r�r�o�u�|�� �u�;�v�;�-�u�1�_�� �0�‹�� �r�u�o�ˆ�b�7�b�m�]��
	ž�v�v�†�;�� �v�-�l�r�t�;�v�� �_�-�u�ˆ�;�v�|�;�7�� �=�u�o�l�� �r�-	ž�;�m�|�v�:�� ���†�0�t�b�1�� �o�r�b�m�b�o�m��
has tremendously changed with more and more people 
being willing to donate biological material in order to 
support further research. However, such samples are a 
�C�m�b�|�;���u�;�v�o�†�u�1�;���-�m�7�7���|�_�;�u�;�=�o�u�;�7���;�Š�r�;�u�b�l�;�m�|�-	ž�o�m���‰�b�|�_���|�_�;�l��
�l�†�v�|���0�;���f�†�v	ž�C�;�7���;�|�_�b�1�-�t�t�‹�:�����m���-�7�7�b	ž�o�m�7���l�-�m�‹�����"���t�-�0�o�u�-�|�o-
�u�b�;�v���_�-�ˆ�;���t�b�‚�t�;���;�Š�r�;�u�b�;�m�1�;���b�m���|�_�;���v�-�=�;���-�m�7���;�|�_�b�1�-�t���_�-�m�7�t�b�m�]��
�P�-�m�7���v�|�o�u�-�]�;�Q���o�=���_�;�-�t�|�_�‹���-�m�7���7�b�v�;�-�v�;�7���_�†�l�-�m��	ž�v�v�†�;�:

There are three main strategies in place for obtaining 
�1�t�b�m�b�1�-�t�� �v�-�l�r�t�;�v�� �=�o�u�� ���"���� �v�|�†�7�b�;�v�9�� �†�v�;�� �o�=�� �-�� 	ž�v�v�†�;�� �0�-�m�h��
�N�0�-�m�h�b�m�]�� �l�o�7�;�r�O�7�� �-�� �r�u�o�v�r�;�1	ž�ˆ�;�� �1�o�t�t�;�1	ž�o�m�� �l�o�7�;�t�� �-�m�7�� �-��
combination of the two.16 The prospective collection 
�l�o�7�;�t�� �-�t�t�o�‰�v�� �-�� �r�u�;�J�v�;�t�;�1	ž�ˆ�;�� �;�t�;�l�;�m�|�� �‰�_�;�u�;�� �|�_�;�� �7�;�v�b�u-
able tissue type is stated, type of storage and corre-
�v�r�o�m�7�b�m�]�� �m�†�l�0�;�u�� �o�=�� �v�-�l�r�t�;�v�� �u�;�t�†�b�u�;�7�� �0�;�=�o�u�;�� �1�o�t�t�;�1	ž�o�m�:��
�)�_�;�u�;�-�v�� �-�1�t�†�b�u�b�m�]�� �v�-�l�r�t�;�v���ˆ�b�-�� �-�� �0�-�m�h�b�m�]�� �l�o�7�;�t�� �t�b�l�b�|�v��
�|�_�;���1�_�o�b�1�;���-�m�7���u�;�t�b�;�v���o�m���‰�_�-�|���b�v���-�t�u�;�-�7�‹���-�u�1�_�b�ˆ�;�7�:�����m���-�7�7�b-
	ž�o�m���|�o�� �|�_�;�v�;�� �l�;�|�_�o�7�v�� �|�_�;�u�;�� �b�v�� �-�t�v�o�� �>�1�-�|�1�_���-�v���1�-�|�1�_���1�-�m”, 
�‰�_�b�1�_���7�;�v�1�u�b�0�;�v���-�m�o�|�_�;�u�7���‹�;�|���†�m�u�;�t�b�-�0�t�;��	ž�v�v�†�;���1�o�t�t�;�1	ž�o�m��
�v�|�u�-�|�;�]�‹�� �‰�_�b�1�_�� �r�o�|�;�m	ž�-�t�t�‹�� �u�b�v�h�v�� �t�;�]�-�t�� �-�m�7�� �;�|�_�b�1�-�t�� �ˆ�b�o�t�--
	ž�o�m�:���$�_�b�v���b�v���v�o�7���7�†�;���|�o���|�_�;�u�;���0�;�b�m�]���m�o���t�†�-�t�b�|�‹���1�o�m�|�u�o�t�v���o�u��



�“�� �!�;�ˆ�b�;�‰�9�����l�;�u�]�b�m�]�����r�r�t�b�1�-�|�b�o�m�v���b�m�����-�v�v���"�r�;�1�|�u�o�l�;�|�u�‹�����l�-�]�b�m�]�8�����m�-�0�t�;�u�v���-�m�7���!�o�-�7�0�t�o�1�h�v

�t�†�-�t�b�|�‹���-�v�v�†�u�-�m�1�;���b�m���r�t�-�1�;���|�o���;�m�v�†�u�;���|�_�-�|���v�†�b�|�-�0�t�;���v�|�o�u�-�]�;��
�-�m�7��	ž�v�v�†�;���r�u�o�1�;�v�v�b�m�]���l�;�;�|�v���m�-	ž�o�m�-�t���v�|�-�m�7�-�u�7���o�r�;�u�-	ž�m�]��
procedures. Samples are taken as and when tissue is 
available on an �-�7�� �_�o�1�� �0�-�v�b�v�7�� �u�;�t�b�-�m�|�� �o�m���‰�_�;�m�� �1�o�t�t�;�1	ž�o�m��
	ž�l�;�v�1�-�t�;�v�� �-�t�t�o�‰�:�� �>���-�|�1�_���-�v���1�-�m” methods can, therefore, 
�u�;�v�†�t�|���b�m��	ž�v�v�†�;���o�=���v�†�0�v�|�-�m�7�-�u�7���]�u�-�7�;���-�m�7���m�o�|���0�;�b�m�]���-���|�u�†�;��
�u�;�r�u�;�v�;�m�|�-	ž�o�m���o�=���|�_�;��	ž�v�v�†�;���=�u�o�l���b�|�v���o�u�b�]�b�m�:

���u�;�J�1�t�b�m�b�1�-�t���v�-�l�r�t�;�v
���m�b�l�-�t�� 	ž�v�v�†�;�v�� �-�u�;�� �1�o�m�ˆ�;�m	ž�o�m�-�t�t�‹�� �†�v�;�7�� �=�o�u�� �r�u�;�J�1�t�b�m�b�1�-�t��
�v�|�†�7�b�;�v�� �b�m�� �7�u�†�]�� �7�b�v�r�o�v�b	ž�o�m�7�� �;�L�1�-�1�‹�7�� �v�-�=�;�|�‹�� �-�m�7�� �l�o�7�;�t��
�1�_�-�u�-�1�|�;�u�b�v�-	ž�o�m�7���|�_�b�v���7�†�;���|�o���|�_�;���b�m���ˆ�b�ˆ�o���1�o�m�7�b	ž�o�m�v���1�t�o�v�;�t�‹��
�u�;�v�;�l�0�t�b�m�]���_�†�l�-�m���l�;�|�-�0�o�t�b�1���r�u�o�1�;�v�v�;�v�:���"�†�1�_��	ž�v�v�†�;�v���-�u�;��
readily available with pharma, contract research organi-
�v�-	ž�o�m�v���-�m�7���†�m�b�ˆ�;�u�v�b	ž�;�v���_�-�ˆ�b�m�]���t�b�1�;�m�v�;�7���=�-�1�b�t�b	ž�;�v���=�o�u���|�_�;��
�;�|�_�b�1�-�t���†�v�;���o�=���-�m�b�l�-�t�v���b�m���v�1�b�;�m	ž�C�1���u�;�v�;�-�u�1�_�:�����m�b�l�-�t��	ž�v�v�†�;�v��
�_�-�ˆ�;�� �0�;�;�m���‰�b�7�;�t�‹�� �†�v�;�7�� �b�m�� ���"���� �=�o�u�� �|�_�;�� �v�|�†�7�‹�� �o�=�� �7�b�v�;�-�v�;��
and drug absorption/efficacy/toxicity. 1,4,5 Whilst the 
use of animal models in pre-clinical studies is currently 
the accepted paradigm, there are issues on the horizon. 
��	®�|�†�7�;�v���b�m���v�o�1�b�;�|�‹���|�o���|�_�;���†�v�;���o�=���-�m�b�l�-�t�v���b�m���u�;�v�;�-�u�1�_���-�u�;��
�1�_�-�m�]�b�m�]�7���-�m�7���1�u�b	ž�1�b�v�l�v���|�_�-�|���-�m�b�l�-�t�v���-�u�;���-�m���b�m�-�r�r�u�o�r�u�b�-�|�;��
model to represent the human body are becoming more 
widespread.�•�• Tissue engineered models are emerging as 
�-���ˆ�-�t�†�-�0�t�;���1�o�l�r�t�;�l�;�m�|�-�u�‹�F�-�t�|�;�u�m�-	ž�ˆ�;���b�m���ˆ�b�|�u�o��tool to the 
use of animals in pre-clinical drug discovery and have the 
�r�o�|�;�m	ž�-�t���|�o���l�-�h�;���v�b�]�m�b�C�1�-�m�|���r�o�v�b	ž�ˆ�;���b�l�r�-�1�|���o�m���|�_�;���’�!�v�L
�u�;�7�†�1	ž�o�m�7�� �u�;�r�t�-�1�;�l�;�m�|�� �-�m�7�� �u�;�C�m�;�l�;�m�|�L�-�]�;�m�7�-�� �=�o�u�� �|�_�;��
�†�v�;�� �o�=�� �-�m�b�l�-�t�v�� �b�m�� �v�1�b�;�m	ž�C�1�� �u�;�v�;�-�u�1�_�:�•�v���$�_�;�� �1�o�l�0�b�m�-	ž�o�m��
�o�=���’�	��	ž�v�v�†�;���1�†�t�|�†�u�;���v�‹�v�|�;�l�v���‰�b�|�_�����"���7���o�@�;�u�b�m�]�7���-�v���b�|���7�o�;�v�7��
the ability to study drug and drug responses simultane-
�o�†�v�t�‹���b�m���-���u�-�r�b�7���t�-�0�;�t�J�=�u�;�;���l�-�m�m�;�u�7���b�v���-���u�;�v�;�-�u�1�_���C�;�t�7���|�_�-�|��
has huge promise for the future.

The Hummon group reported the use of tumour 
�v�r�_�;�u�o�b�7�v���‰�b�|�_�� ���"���� �-�m�7�� �|�_�;�‹���‰�;�u�;�� �-�0�t�;�� �|�o�� �7�;�l�o�m�v�|�u�-�|�;��
�|�_�;�� �-�0�b�t�b�|�‹�� �o�=�� �|�_�;�� �|�;�1�_�m�b�t�†�;�� �|�o�� �b�7�;�m	ž�=�‹�� �v�r�;�1�b�C�1�� �_�‹�r�o�Š�b�1��
regions within colon cancer spheroids.3�� ���"���� �b�m�� �1�o�l�0�b-
�m�-	ž�o�m���‰�b�|�_�� �v�r�_�;�u�o�b�7�v�� �_�-�v�� �0�;�;�m�� �†�v�;�7�� �=�o�u�� �|�_�;�� �7�;�|�;�1	ž�o�m��
�o�=�� �1�_�;�l�o�|�_�;�u�-�r�;�†	ž�1�v�7�� �|�_�;�b�u�� �l�;�|�-�0�o�t�b�|�;�v�� �-�m�7�� �0�b�o�t�o�]�b�1�-�t��
responses within.�•�–�K�‘�• Liu �;�|�� �-�r�821 described drug distri-
�0�†	ž�o�m�-�t���r�-�‚�;�u�m�v���o�=���b�u�b�m�o�|�;�1�-�m���‰�b�|�_�b�m���|�_�;���m�;�1�u�o	ž�1���1�o�u�;���o�=��
spheroids 24�S�_�� �-�[�;�u�� �|�u�;�-�|�l�;�m�|�7�� �v�|�-	ž�m�]�� �_�b�]�_�� �l�;�|�-�0�o�t�b�v�l��
within the outer regions due to the presence of irino-
tecan metabolites.

���u�]�-�m�o�b�7�� �l�o�7�;�t�v�7�� �r�-�u	ž�1�†�t�-�u�t�‹�� �’�	�� �l�o�7�;�t�v�� �o�=�� �=�†�t�t�� �|�_�b�1�h-
�m�;�v�v�� �v�h�b�m�7�� �_�-�ˆ�;�� �0�;�;�m�� �;�Š�|�;�m�v�b�ˆ�;�t�‹�� �†�v�;�7�� �b�m�� ���"���:22,23 This 
�1�o�l�0�b�m�-	ž�o�m���_�-�v���0�;�;�m���†�v�;�7���|�o���;�ˆ�-�t�†�-�|�;���7�u�†�]���r�;�m�;�|�u�-	ž�o�m��
�-�m�7�� �7�u�†�]�� �;�@�;�1�|�v�7�� �‰�o�†�m�7�� �_�;�-�t�b�m�]�� �-�m�7�� �b�m�=�;�1	ž�o�m�:24,25�� ���m��

a recent report22�� �-���ˆ�-�t�b�7�-�|�;�7�� �t�†�-�m	ž�|�-	ž�ˆ�;�� �l�;�|�_�o�7�o�t�o�]�‹��
�;�l�r�t�o�‹�b�m�]���-���’�	���v�h�b�m���l�o�7�;�t���‰�-�v���†�v�;�7���|�o���v�|�†�7�‹���|�_�;���;�@�;�1�|��
�o�=���-�m���;�m�_�-�m�1�;�u���=�o�u���7�u�†�]���-�0�v�o�u�r	ž�o�m���‰�b�|�_�b�m���|�_�;���;�r�b�7�;�u�l�b�v��
�o�=���-���t�b�ˆ�b�m�]���v�h�b�m���;�t�†�b�ˆ�-�t�;�m�|���l�o�7�;�t24 (Figure 2). Successful 
demonstration of these capabilities has proved high 
�ˆ�-�t�†�;�� �=�o�u�� �r�u�;�J�1�t�b�m�b�1�-�t�� �7�u�†�]�� �7�;�ˆ�;�t�o�r�l�;�m�|�� �v�r�;�1�b�C�1�-�t�t�‹�� �=�o�u��
�1�o�l�r�o�†�m�7�� �;�L�1�-�1�‹�� �-�m�7�� �v�-�=�;�|�‹�� �-�m�-�t�‹�v�b�v�:���+�;�|�7�� �|�_�b�v�� �-�u�;�-�� �o�=��
�u�;�v�;�-�u�1�_�� �b�v�� �v	ž�t�t�� �;�l�;�u�]�b�m�]�7�� �v�o�� �|�_�;�� �;�Š�|�;�m�|�� �o�=�� �-�r�r�t�b�1�-	ž�o�m�v��
�b�m�� ���"���� �‰�b�|�_�� �’�	�� �1�†�t�|�†�u�;�v�� �_�o�t�7�v�� �]�u�;�-�|�� �r�o�|�;�m	ž�-�t�:�� �$�_�b�v�� �b�v��
�v�r�;�1�b�C�1�-�t�t�‹�� �7�†�;�� �|�o�� �u�;�1�;�m�|�� �7�;�ˆ�;�t�o�r�l�;�m�|�v�� �b�m�� 	ž�v�v�†�;�� �;�m�]�b-
�m�;�;�u�b�m�]���|�_�-�|���_�-�ˆ�;���r�u�o�7�†�1�;�7���l�b�1�u�o�Y�†�b�7�b�1���7�;�ˆ�b�1�;�v���-�m�7���’�	��
�0�b�o�r�u�b�m	ž�m�]�� �|�;�1�_�m�o�t�o�]�‹���‰�b�|�_�� �l�o�u�;�� �u�;�r�u�;�v�;�m�|�-	ž�ˆ�;�� �l�b�1�u�o-
�;�m�ˆ�b�u�o�m�l�;�m�|���1�o�m�7�b	ž�o�m�v���o�=���b�m���ˆ�b�ˆ�o.

Samples for forensic analyses
Fingermark imaging is one of the widest reported appli-
�1�-	ž�o�m�v���o�=�����"�����b�m���=�o�u�;�m�v�b�1�v�:���$�_�;���u�;�1�o�ˆ�;�u�‹���o�=���b�m�|�;�t�t�b�]�;�m�1�;��
�-�u�o�†�m�7�� �-�� �v�†�v�r�;�1�|�� �o�u�� �|�_�;�� �1�u�b�l�;�� �0�;�b�m�]�� �b�m�ˆ�;�v	ž�]�-�|�;�7�� �=�u�o�l��
�|�_�;�� �l�o�t�;�1�†�t�-�u�� �1�o�m�|�;�m�|�� �o�=�� �-�� �C�m�]�;�u�l�-�u�h�� �P�r�u�o�C�t�b�m�]�Q�7���‰�_�b�t�v�|��
�ˆ�b�v�†�-�t�b�v�b�m�]�� �|�_�;�� �b�m�|�;�u�;�v�|�;�7�� �l�o�t�;�1�†�t�;�� �o�m�� �|�_�;�� �C�m�]�;�u�l�-�u�h��
�u�b�7�]�;�� �r�-�‚�;�u�m�� �P�b�l�-�]�b�m�]�Q�� �P��b�]�†�u�;�� �’�Q�7�� �o�@�;�u�v�� �†�m�r�u�;�1�;�7�;�m�|�;�7��
�b�m�=�o�u�l�-	ž�o�m���|�o���|�_�;���b�m�ˆ�;�v	ž�]�-�|�o�u�v�:�‘�u�7�‘�•

�$�_�b�v���b�m�=�o�u�l�-	ž�o�m���1�-�m���0�;���†�v�;�7���|�o���|�u�b�-�]�;���|�_�;���C�m�]�;�u�l�-�u�h�v��
within the crime scene management strategy and/or to 
narrow down the pool of suspects. However, one of the 
�l�o�v�|�� �†�v�;�7�� �=�o�u�;�m�v�b�1�� �r�u�o�|�o�1�o�t�v�� �=�o�u�� �1�o�t�t�;�1	ž�m�]�� �C�m�]�;�u�l�-�u�h�v��
at the crime scene includes enhancement of the marks 
using powders applied from the same pot with the same 
�0�u�†�v�_�:�� �$�_�b�v�� �b�m�;�ˆ�b�|�-�0�t�‹�� �b�m�|�u�o�7�†�1�;�v�� �1�u�o�v�v�J�1�o�m�|�-�l�b�m�-	ž�o�m��
�o�=�� �;�ˆ�b�7�;�m�1�;�� �‰�_�b�1�_�7�� �|�_�o�†�]�_�� �m�o�|�� �-�@�;�1	ž�m�]�� �|�_�;�� �0�b�o�l�;�|�u�b�1��
information, affects the forensic meaning of a given 
�v�†�0�v�|�-�m�1�;�� �7�;�|�;�1�|�;�7�� �b�m�� �-�� �C�m�]�;�u�l�-�u�h�:�� ���m�� �-�7�7�b	ž�o�m�7�� �v�;�ˆ�;�u�-�t��
���o�t�b�1�;�� ��o�u�1�;�v�� �b�m�� �|�_�;�� �&���� �-�u�;�� �l�o�ˆ�b�m�]�� �-�‰�-�‹�� �=�u�o�l�� �r�_�‹�v�b�1�-�t��
�C�m�]�;�u�l�-�u�h���u�;�1�o�ˆ�;�u�‹���P�=�o�u���;�Š�-�l�r�t�;���|�_�u�o�†�]�_���|�-�r�;���t�b�[�b�m�]�Q���-�m�7��
�|�o�‰�-�u�7�v�� �;�t�;�1�|�u�o�m�b�1�� �r�_�o�|�o�� �1�-�r�|�†�u�;�� �-�m�7�� �u�;�-�t�J	ž�l�;�� �u�;�l�o�|�;��
transmission. Should this process be extended to major 
�1�u�b�l�;�v���-�v���‰�;�t�t�7���‰�_�;�u�;���������	���J���"���� �C�m�7�v���-�r�r�t�b�1�-	ž�o�m�7���|�_�;��
�o�r�r�o�u�|�†�m�b�|�‹���|�o���o�@�;�u���b�m�|�;�t�t�b�]�;�m�1�;�7���1�o�l�r�t�;�l�;�m�|�-�u�‹���|�o���|�_�-�|��
�‹�b�;�t�7�;�7���0�‹���1�t�-�v�v�b�1���r�o�t�b�1�;���b�m�ˆ�;�v	ž�]�-	ž�o�m�7���‰�b�t�t���0�;���t�o�v�|�:�����=���|�_�;��
�-�ˆ�-�b�t�-�0�b�t�b�|�‹���-�m�7���|�_�;���>�l�o�t�;�1�†�t�-�u���l�;�-�m�b�m�]�=�†�t�m�;�v�v�?���o�=���C�m�]�;�u-
marks are to be maintained, both of these roadblocks 
must be considered at the point of sample recovery. One 
�‰�-�‹���-�u�o�†�m�7���v�-�l�r�t�;���1�u�o�v�v�J�1�o�m�|�-�l�b�m�-	ž�o�m���‰�-�v���u�;�r�o�u�|�;�7���0�‹��
Reed �;�|�� �-�r�8�‘�v���‰�b�|�_�� �|�_�;�� �7�;�ˆ�;�t�o�r�l�;�m�|�� �o�=�� �-�� �]�†�m�� �7�;�r�o�v�b	ž�m�]��
the powder in a contactless manner. The device was 
�7�;�v�1�u�b�0�;�7�� �b�m�� �|�_�;�� �&���� �r�-�|�;�m�|�� �-�r�r�t�b�1�-�|�b�o�m�� ������ �‘�”�•�“�‘�•�u�7��
which was let to lapse as it is under further industrial 
development. Of course, the only way to avoid exclusive 
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��b�]�†�u�;���‘�:�����Q���������	���J���"�����o�=���-���t�b�ˆ�b�m�]���v�h�b�m���;�t�†�b�ˆ�-�t�;�m�|���l�o�7�;�t�7�����-�0�v�h�b�m�7��
�v�_�o�‰�b�m�]���l�-�u�h�;�u���b�o�m�v���o�=���|�_�;��stratum corneum���P�b�m���]�u�;�;�m�7���R���S+�S���S+�8��m/z��
�‘�u�“�Q���-�m�7���|�_�;���;�r�b�7�;�u�l�b�v���P�b�m���u�;�7�7���R���S+�S���S+�8��m/z���•�v�“�Q�:�����Q�����b�v�|�o�t�o�]�b�1�-�t��
�v�|�-�b�m�b�m�]���o�=���|�_�;���v�-�l�;���v�;�1	ž�o�m���-�[�;�u�����"�����-�m�-�t�‹�v�b�v���P�-�7�-�r�|�;�7���=�u�o�l��Pro-
teomics�7���=�u�o�m�|���1�o�ˆ�;�u�7���•�v�����†�t�‹���‘�•�•�v���R�1�u�;�7�b�|�����:���!�†�v�v�o�S�Q�:

��b�]�†�u�;���’�:���������	���J���"�����o�=���1�o�m�7�o�l�J�1�o�m�|�-�l�b�m�-�|�;�7���C�m�]�;�u�l�-�u�h�v�:���$�_�;��
�C�]�†�u�;���b�t�t�†�v�|�u�-�|�;�v���|�_�;���������	���J���"���b�l�-�]�;�v���o�=���’�‘�J�l�;�u�7���’�’�J�l�;�u���-�m�7��
�’�“�J�l�;�u�����������b�o�m���v�b�]�m�-�t�v���-�v���‰�;�t�t���-�v���-���v�l�-�t�t���v�-�l�r�t�;���o�=���|�_�;���l�-�m�‹���=�-�‚�‹��
�-�1�b�7�v���7�;�|�;�1�|�;�7�7���=�u�o�l���-���t�b�[�;�7���C�m�]�;�u�l�-�u�h���r�u�;�ˆ�b�o�†�v�t�‹���ˆ�b�v�†�-�t�b�v�;�7���0�‹��
�b�u�u�-�7�b�-	ž�o�m���‰�b�|�_���-���t�-�v�;�u���-�|���-���‰�-�ˆ�;�t�;�m�]�|�_���o�=���”�’�‘�S�m�l���†�v�b�m�]���-�m���o�u�-�m�]�;��
�ˆ�b�;�‰�b�m�]���C�t�|�;�u���P�”�“�–�S�m�l�Q���-�m�7���r�_�o�|�o�]�u�-�r�_�;�7���†�v�b�m�]���-�����b�h�o�m���	�’�•�•��
�1�-�l�;�u�-�:���$�_�;���1�o�l�r�t�;�|�;���u�b�7�]�;���r�-�‚�;�u�m���b�v���r�u�o�ˆ�b�7�;�7���0�‹���|�_�;���b�l�-�]�;���o�=��
�|�_�;���|�o�|�-�t���b�o�m���1�†�u�u�;�m�|���P�$�����Q�:���$�_�;���C�m�]�;�u	ž�r���‰�-�v���r�u�;�ˆ�b�o�†�v�t�‹���1�o�m�|�-�l�b�J
�m�-�|�;�7���0�‹���|�o�†�1�_�b�m�]���-�����o�m�7�o�l�b���l�-�Š�����o�ˆ�;���1�o�m�7�o�l�:���P�!�;�r�u�o�7�†�1�;�7���-�m�7��
�-�7�-�r�|�;�7���0�‹���r�;�u�l�b�v�v�b�o�m���o�=���$�_�;���!�o�‹�-�t���"�o�1�b�;�|�‹���o�=�����_�;�l�b�v�|�u�‹���=�u�o�l��
�!�;�=�;�u�;�m�1�;���‘�•�Q�:



�u�� �!�;�ˆ�b�;�‰�9�����l�;�u�]�b�m�]�����r�r�t�b�1�-�|�b�o�m�v���b�m�����-�v�v���"�r�;�1�|�u�o�l�;�|�u�‹�����l�-�]�b�m�]�8�����m�-�0�t�;�u�v���-�m�7���!�o�-�7�0�t�o�1�h�v

�l�o�0�b�t�;�� �|�u�-�m�v�l�b�v�v�b�o�m�� �o�=�� �|�_�;�� �;�ˆ�b�7�;�m�1�;�� �-�m�7�� �|�o�� �b�m�Y�†�;�m�1�;��
�r�u�-�1	ž�1�;�� �‰�o�†�t�7�� �0�;�� �|�o�� �r�u�o�ˆ�b�7�;�� �1�o�m	ž�m�†�o�†�v�� �;�Š�-�l�r�t�;�v�� �b�m��
actual police casework that the intelligence provided by 
�|�_�;�� �-�r�r�t�b�1�-	ž�o�m�� �o�=�� ���"���� �b�v�� �-�7�7�b	ž�o�m�-�t�� �-�m�7�� �1�o�l�r�t�;�l�;�m�|�-�u�‹��
�|�o�� �r�o�t�b�1�;�� �b�m�ˆ�;�v	ž�]�-	ž�o�m�7�� �-�v�� �7�;�l�o�m�v�|�u�-�|�;�7�� �0�‹�� ���u�-�7�v�_�-�‰��
�;�|���-�r.�‘�•�� ���u�;�v�;�m�|�t�‹�7�� �b�m�� �l�-�f�o�u�� �1�u�b�l�;�v�� �P�l�†�u�7�;�u�7�� �u�-�r�;�v�� �;�|�1�:�Q��
�C�m�]�;�u�l�-�u�h�v���-�u�;���v	ž�t�t���0�;�b�m�]���t�b�[�;�7�:

�"�-�l�r�t�;���r�u�;�r�-�u�-	ž�o�m
���u�;�J�r�u�;�r�-�u�-	ž�o�m
���l�0�;�7�7�b�m�]���-�m�7���v�;�1	ž�o�m�b�m�]
���-�b�m�|�-�b�m�b�m�]�� 	ž�v�v�†�;�� �b�m�|�;�]�u�b�|�‹�� �b�v�� �b�l�r�;�u�-	ž�ˆ�;�� �b�m�� ���"���� �;�Š�r�;�u�b-
�l�;�m�|�v���b�m���o�u�7�;�u���|�o���r�u�;�v�;�u�ˆ�;���-�m�-�t�‹�|�;���t�o�1�-�t�b�v�-	ž�o�m�:�����o�l�l�o�m�t�‹�7��
�-�m�-�t�‹�v�b�v�� �b�v�� �1�o�m�7�†�1�|�;�7�� �o�m���1�u�‹�o�J�v�;�1	ž�o�m�;�7�� 	ž�v�v�†�;�� �v�;�1	ž�o�m�v�7��
�o�=�|�;�m�� �1�o�t�t�;�1�|�;�7�� �-�m�7�� �r�u�;�r�-�u�;�7�� �‰�b�|�_�� ���"���� �-�v�� �-�� �r�u�b�l�-�u�‹��
�-�m�-�t�‹	ž�1�-�t�� �;�m�7�r�o�b�m�|�:�� �"�l�-�t�t�;�u�7�� �l�o�u�;�� �=�u�-�]�b�t�;�� 	ž�v�v�†�;�v�� �o�[�;�m��
�u�;�t�†�b�u�;�� �v�†�r�r�o�u�|�b�ˆ�;�� �l�-�|�;�u�b�-�t�v�7�� �;�l�0�;�7�7�b�m�]�� �v�-�l�r�t�;�v�� �=�o�u��
�_�-�m�7�t�b�m�]�� �r�†�u�r�o�v�;�v�:�� ���l�0�;�7�7�b�m�]�� �v�;�ˆ�;�u�-�t�� 	ž�v�v�†�;�v�� �=�u�o�l�� �|�_�;��
�v�-�l�;���v�|�†�7�‹���_�-�v���-�t�v�o���r�u�o�ˆ�;�m���0�;�m�;�C�1�b�-�t���=�o�u���u�;�7�†�1�b�m�]���v�-�l�r�t�;��
�r�u�;�r�-�u�-	ž�o�m�� 	ž�l�;�� �-�m�7�� �r�u�;�ˆ�;�m	ž�m�]�� �l�o�t�;�1�†�t�-�u�� �1�_�-�m�]�;�v���ˆ�b�-��

�>�=�u�;�;�Œ�;�u�� �0�†�u�m�?�� �|�o�� 	ž�v�v�†�;�� �v�;�1	ž�o�m�v�� �b�m�� �|�_�;�� �1�u�‹�o�v�|�-�|�:�‘�–�� ���"����
�1�o�l�r�-	ž�0�t�;�� �l�-�|�;�u�b�-�t�v�� �|�_�-�|�� �7�o�� �m�o�|�� �b�m�|�;�u�=�;�u�;���‰�b�|�_�� �-�m�-�t�‹�v�b�v��
�b�m�1�t�†�7�;�� �]�;�t�-	ž�m30 and carboxymethylcellulose (CMC).31 
���t�|�;�u�m�-	ž�ˆ�;�t�‹�7�� �r�o�t�‹�RN-(2- hydroxypropyl)methacrylamide] 
�P�r���������Q���‰�-�v���v�r�;�1�b�C�1�-�t�t�‹���7�;�ˆ�;�t�o�r�;�7���=�o�u�����"���7���-�v���b�|���b�v���t�b�t�†�b�7��
�-�|�� �K�v�S�f���:32 This low temperature minimises possible 
�|�_�-�‰�b�m�]�� �o�=�� 	ž�v�v�†�;�v�� �†�m�t�b�h�;�� �]�;�t�-	ž�m���‰�_�b�1�_�� �u�;�t�†�b�u�;�v�� �_�b�]�_�;�u��
temperatures (~25–50�S�f���Q�� �7�†�u�b�m�]�� �;�l�0�;�7�7�b�m�]�:��A more 
�u�;�1�;�m�|�� �v�|�†�7�‹�� �o�r	ž�l�b�v�;�7�� �-�� �v�-�l�r�t�;�� �;�l�0�;�7�7�b�m�]�� �r�u�o�|�o�1�o�t��
with an ice-cold hydrogel composed of hydroxypropyl 
�l�;�|�_�‹�t�1�;�t�t�†�t�o�v�;�� �P���������Q�� �-�m�7�� �r�o�t�‹�ˆ�b�m�‹�t�r�‹�u�u�o�t�b�7�o�m�;��
�P���(���Q�:33�� �	�-�m�m�_�o�u�m���;�|�� �-�r�833�� �-�v�v�;�v�v�;�7�� �|�_�;�� �1�o�l�r�-	ž�0�b�t�b�|�‹�� �o�=��
�|�_�;�� �_�‹�7�u�o�]�;�t�� �7�;�l�o�m�v�|�u�-	ž�m�]�� �m�o�� �b�m�|�;�u�=�;�u�b�m�]�� �;�@�;�1�|�v���‰�b�|�_��
�������	���7�� �	���"���� �-�m�7�� �"�����"�� �b�l�-�]�b�m�]�� �l�;�|�_�o�7�v�� �o�u�� �7�;�t�o�1�-�t�b�v�--
	ž�o�m���o�=���-�m�-�t�‹�|�;�v�:

���m���-���1�t�b�m�b�1�-�t���v�;	®�m�]�7���|�_�;���v�|�-�m�7�-�u�7���r�u�;�v�;�u�ˆ�-	ž�o�m���r�u�o�1�;�v�v��
for tissues collected for pathology is to formalin fix 
�-�m�7�� �|�_�;�m�� �r�-�u�-�L�m�� �;�l�0�;�7�� �|�_�;�� 	ž�v�v�†�;�� �|�o�� �1�u�;�-�|�;�� �v�o�� �1�-�t�t�;�7��
��o�u�l�-�t�b�m�� ��b�Š�;�7�� ���-�u�-�L�m�� ���l�0�;�7�7�;�7�� �P�������Q�� 	ž�v�v�†�;�v�:�� �"�†�1�_��
�v�-�l�r�t�;�v�� �-�u�;�� �v�†�b�|�-�0�t�;�� �=�o�u�� �b�m�7�;�C�m�b�|�;�� �v�|�o�u�-�]�;�:�� �	�;�v�r�b�|�;�� �|�_�;��
�-�7�ˆ�-�m�|�-�]�;�v���o�=���|�_�;���†�v�;���o�=���=�u�;�v�_���=�u�o�Œ�;�m��	ž�v�v�†�;�7���b�m���|�;�u�l�v���o�=��
the range of molecules that can be detected within, for 
�‰�b�7�;�v�r�u�;�-�7���-�7�o�r	ž�o�m���o�=�����"�����b�m���|�_�;���1�t�b�m�b�1���|�o���o�1�1�†�u�7���‰�-�‹�v��
�o�=�� �r�u�;�r�-�u�b�m�]�� �������� �|�b�v�v�†�;�v�� �-�u�;�� �u�;�t�†�b�u�;�7�:�� �(�-�u�b�o�†�v�� �‰�-�‹�v��
to achieve this have been developed including adding 
�-�� �7�;�J�r�-�u�-�L�m�b�v�-	ž�o�m�� �v�|�;�r�� �r�u�b�o�u�� �|�o�� �l�-�|�u�b�Š�� �-�r�r�t�b�1�-	ž�o�m�734 

�-�7�7�b	ž�o�m�� �o�=�� �;�m�Œ�‹�l�;�v�� �o�u�� �1�_�-�m�]�b�m�]�� �7�b�]�;�v	ž�o�m�� �v�|�u�-�|�;�]�b�;�v�:35 
���o�u�;�o�ˆ�;�u�7�� �v�;�1	ž�o�m�� �|�_�b�1�h�m�;�v�v�� �_�-�v�� �0�;�;�m�� �u�;�r�o�u�|�;�7�� �|�o�� �b�m�Y�†-
ence peak intensity, with 1�S
•�l���v�;�1	ž�o�m�v���r�u�;�v�;�m	ž�m�]���†�r���|�o��
�|�_�u�;�;�J�=�o�t�7�� �_�b�]�_�;�u�� �b�m�|�;�m�v�b	ž�;�v�� �1�o�l�r�-�u�;�7�� �|�o�� �1�o�m�ˆ�;�m	ž�o�m�-�t 
5�S
•�l���v�;�1	ž�o�m�v�:�’�u�7�’�•

Storage
���r�r�u�o�r�u�b�-�|�;���v�|�o�u�-�]�;���=�o�u��	ž�v�v�†�;�v���b�v���1�u�†�1�b�-�t���|�o���u�;�|�-�b�m���v�-�l�r�t�;��
integrity and ensure accurate results. When consid-
�;�u�b�m�]�� �1�o�m�ˆ�;�m	ž�o�m�-�t�� �b�l�l�†�m�o�_�b�v�|�o�1�_�;�l�b�v�|�u�‹�7���‰�_�o�t�;�� 	ž�v�v�†�;��
�v�-�l�r�t�;�v�� �1�-�m�� �0�;�� �v�|�o�u�;�7�� �-�|�� �K�v�•�S�f���� �†�r�� �|�o�� �-���‹�;�-�u���‰�b�|�_�o�†�|��
�7�;�]�u�-�7�-	ž�o�m��that would impact on the study of protein 
�7�b�v�|�u�b�0�†	ž�o�m�:�� �"�|�o�u�-�]�;�� �o�=�� 	ž�v�v�†�;�v�� �-�m�7�� �v�;�1	ž�o�m�;�7�� �v�-�l�r�t�;�v��
�=�o�u�� ���"���� �r�u�;�v�;�m�|�v�� �l�o�u�;�� �1�_�-�t�t�;�m�]�;�v�� �-�v�� �|�b�v�v�†�;�� �v�;�1�|�b�o�m�v��
�-�u�;�� �ˆ�†�t�m�;�u�-�0�t�;�� �|�o�� �;�Š�1�;�v�v�b�ˆ�;�� �b�1�;�� �=�o�u�l�-	ž�o�m�� �-�m�7�� �1�o�m�7�;�m-
sation, resulting in molecular degradation and delo-
�1�-�t�b�v�-	ž�o�m�:�� ���@�o�u�|�v�� �|�o�� �u�;�7�†�1�;�� �|�_�b�v�� �b�l�r�-�1�|�� �_�-�ˆ�;�� �b�m�1�t�†�7�;�7��
steps to remove excess moisture by drying the sample 
�;�b�|�_�;�u�� �0�‹�� �7�;�v�b�1�1�-	ž�o�m�� �o�u�� �=�u�;�;�Œ�;�J�7�u�‹�� �|�;�1�_�m�b�t�†�;�v�:�’�v�7�’�– This, 
however, can add to sample preparation time (~2�Sh) 
�-�m�7�� �b�v�� �m�o�|�� �1�o�l�r�t�;�|�;�t�‹�� �;�@�;�1	ž�ˆ�;�:�����t�|�;�u�m�-	ž�ˆ�;�t�‹�7�� �-�� �u�;�1�;�m�|��
study conducted by Swales �;�|���-�r�840 established a protocol 
of desiccating the sample with nitrogen after thaw 
�l�o�†�m	ž�m�]�7�� �-�m�7�� �|�_�;�m���ˆ�-�1�†�†�l�� �r�-�1�h�b�m�]�� �|�_�;�� �v�t�b�7�;�v�� �r�u�b�o�u�� �|�o��
storage. Maintaining the sample in a vacuum environ-
�l�;�m�|�� �;�m�v�†�u�;�v�� �|�_�-�|�� �|�_�;�� �l�o�t�;�1�†�t�-�u�� �7�b�v�|�u�b�0�†	ž�o�m���‰�b�|�_�b�m�� �-��
	ž�v�v�†�;�� �b�v�� �v�|�o�u�;�7�� �b�m�� �b�|�v�� �>�t�b�=�;�J�t�b�h�;�?�� �v�|�-�|�;�:�� ���‹�� �;�l�r�t�o�‹�b�m�]�� �|�_�b�v��
�|�;�1�_�m�b�t�†�;�7���|�_�;���v�|�†�7�‹���o�0�v�;�u�ˆ�;�7���v�b�]�m�b�C�1�-�m�|���v�|�-�0�b�t�b�v�-	ž�o�m���o�=��
�l�o�t�;�1�†�t�;�v�� �-�m�7�� �l�b�m�b�l�b�v�;�7�� �7�;�t�o�1�-�t�b�v�-	ž�o�m�7�� �|�_�†�v�� �b�l�r�u�o�ˆ�b�m�]��
imaging results.

�"�-�l�r�t�;���r�u�;�r�-�u�-	ž�o�m���b�v�v�†�;�v���-�v�v�o�1�b�-�|�;�7���‰�b�|�_��
�v�r�;�1�b�C�1���b�l�-�]�b�m�]���l�o�7�-�t�b	ž�;�v
�������	��
Matrix application is critical to success in preparing 
�v�-�l�r�t�;�v�� �=�o�u�� �������	���� �b�l�-�]�b�m�]�:�� �"�;�t�;�1	ž�m�]�� �-�m�� �-�r�r�u�o�r�u�b�-�|�;��
matrix is critical, as is the application. There are four 
well-established methods of applying matrix to samples 
�0�;�=�o�u�;�� ���"���8�� �-�†�|�o�l�-	ž�1�� �-�m�7�� �l�-�m�†�-�t�� �v�r�u�-�‹�� �v�‹�v�|�;�l�v�7�� �v�†�0�t�b-
�l�-	ž�o�m���-�m�7���-�1�o�†�v	ž�1���ˆ�b�0�u�-	ž�o�m�-�t���v�r�o�‚�;�u�v�:���"�r�u�-�‹���1�o�-	ž�m�]���b�v��
�|�_�;���l�o�v�|���r�o�r�†�t�-�u���l�;�|�_�o�7���o�=���-�r�r�t�b�1�-	ž�o�m�7���‰�b�|�_���-���ˆ�-�u�b�;�|�‹���o�=��
commercial spray systems on the market (i.e. SunChrom 
SunCollect and HTX TM-Sprayer).41,42 The number of 
layers, flow rate and speed of deposition can all be 
�-�1�1�†�u�-�|�;�t�‹�� �1�o�m�|�u�o�t�t�;�7�:���$�_�;�� �l�-�b�m�� �-�7�ˆ�-�m�|�-�]�;�� �o�=�� �-�†�|�o�l�-	ž�1��
�v�r�u�-�‹�;�u�v���-�u�;���|�_�-�|���!�����v���1�-�m���-�1�1�†�u�-�|�;�t�‹���0�;���v�;�t�;�1�|�;�7�7���t�;�-�ˆ�b�m�]��
�†�m�‰�-�m�|�;�7�� �-�u�;�-�v�� �=�u�;�;�� �o�=�� �l�-�|�u�b�Š�� �-�m�7�� �l�-�h�b�m�]�� �;�L�1�b�;�m�|�� �†�v�;��
of matrix. However, they are slower than other methods. 
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���-�m�†�-�t���v�r�u�-�‹�;�u�v���1�o�ˆ�;�u���|�_�;���‰�_�o�t�;���v�-�l�r�t�;���-�m�7���|�_�;���t�†�-�m	ž�|�‹��
of matrix applied is less precise, but are a much simpler 
�-�m�7���1�_�;�-�r�;�u���-�t�|�;�u�m�-	ž�ˆ�;�:���"�†�0�t�b�l�-	ž�o�m���u�;�v�†�t�|�v���b�m���-���_�o�l�o�]-
�;�m�o�†�v���l�-�|�u�b�Š���1�o�-	ž�m�]���‰�b�|�_���-���ˆ�;�u�‹���v�l�-�t�t���1�u�‹�v�|�-�t���v�b�Œ�;�v�7���-�m�7�7��
importantly, without the use of solvents that can cause 
�-�m�-�t�‹�|�;�� �7�;�t�o�1�-�t�b�v�-	ž�o�m�� �b�m�� �1�;�u�|�-�b�m�� �v�-�l�r�t�;�v�:�����1�o�†�v	ž�1�� �v�r�o�|-
�|�;�u�v���P�v�†�1�_���-�v�����-�0�1�‹�|�;�����o�u�|�u�-�b�|���u�’�•���-�m�7�����u�†�h�;�u�����l�-�]�;���u�;�r�Q��
can apply very small droplet sizes and have their param-
eters easily changed, but are slow and expensive.43,44

Generally, the presence of solvents, when matrix 
�v�r�u�-�‹�;�u�v�� �-�u�;�� �;�l�r�t�o�‹�;�7�7�� �u�;�v�†�t�|�v�� �b�m�� �|�_�;�� �=�o�u�l�-	ž�o�m�� �o�=�� �u�;�t�--
	ž�ˆ�;�t�‹�� �t�-�u�]�;�� �1�u�‹�v�|�-�t�v�� �b�m�� �7�b�-�l�;�|�;�u�� �P�’�•�K�u�•�S
•�l�Q�7�� �t�-�u�]�;�u�� �|�_�-�m��
�|�_�;���v�l�-�t�t�;�v�|���t�-�v�;�u���v�r�o�|���v�b�Œ�;���=�o�u���l�o�v�|���������	�����b�m�v�|�u�†�l�;�m�|�v 
(5–15�S
•�l�Q. Advances in the complexity of commercial 
sprayers allow the user to control the sample stage 
�|�;�l�r�;�u�-�|�†�u�;�7���;�m�-�0�t�b�m�]���=�†�u�|�_�;�u���u�;�C�m�;�l�;�m�|���o�=���|�_�;���v�r�;�;�7���o�=��
�1�u�‹�v�|�-�t�� �=�o�u�l�-	ž�o�m�7�� �1�o�m�v�;�t�†�;�m�|�t�‹�� �-�t�t�o�‰�b�m�]�� �-�� �u�;�7�†�1	ž�o�m�� �b�m��
�1�u�‹�v�|�-�t�� �v�b�Œ�;�:�����1�o�†�v	ž�1���ˆ�b�0�u�-	ž�o�m���v�r�o�‚�;�u�v�� �r�u�o�7�†�1�;�� �7�u�o�r�t�;�|��
sizes in the region of 20–50�S
•�l�7�� �‰�_�;�u�;�-�v�� �v�†�0�t�b�l�-	ž�o�m��
�1�-�m�� �]�;�m�;�u�-�|�;�� �º�•�S
•�l�� �1�u�‹�v�|�-�t�v�:�� ���t�t�o�‰�b�m�]�� �=�b�m�;�J�|�†�m�b�m�]�� �o�=��
�l�-�|�u�b�Š�� �-�r�r�t�b�1�-	ž�o�m�� �r�-�u�-�l�;�|�;�u�v�� �1�-�m�� �t�;�-�7�� �|�o�� �_�o�l�o�]�;�m�o�†�v��
�7�;�r�o�v�b	ž�o�m���-�m�7���v�l�-�t�t�;�u�7���l�o�u�;���1�o�m�v�b�v�|�;�m�|���1�u�‹�v�|�-�t���=�o�u�l�-	ž�o�m�7��
which can translate into higher resolution molecular 
imaging.

���l�0�b�;�m�|���|�;�1�_�m�b�t�†�;�v
���l�0�b�;�m�|�� �|�;�1�_�m�b�t�†�;�v�� �0�;�m�;�C�|�� �=�u�o�l�� �ˆ�b�u�|�†�-�t�t�‹�� �m�o�� �P�o�u�� �ˆ�;�u�‹��
�t�b�‚�t�;�Q���v�-�l�r�t�;���r�u�;�r�-�u�-	ž�o�m���v�|�;�r�v�7���-�m�7���|�_�b�v���_�-�v���0�;�;�m���-���l�-�f�o�u��
�1�o�m�|�u�b�0�†	ž�o�m���|�o���|�_�;�b�u���u�;�1�;�m�|�t�‹���]�-�b�m�;�7���r�o�r�†�t�-�u�b�|�‹�:�����|���;�m�-�0�t�;�v��
swift analysis upon receipt of the sample, drastically 
�b�l�r�u�o�ˆ�b�m�]���|�_�u�o�†�]�_�r�†�|��	ž�l�;�v�:�����m�;���;�Š�-�l�r�t�;���o�=���|�_�;���†�v�;�=�†�t-
ness of this comes from work on drug-induced lipidosis in 
�u�o�7�;�m�|��	ž�v�v�†�;�v���u�;�r�o�u�|�;�7���0�‹���	�;�Š�|�;�u���;�|���-�r�84���$�_�;�‹���†�v�;�7���	���"����
�b�l�-�]�b�m�]�� �|�o�� �v�|�†�7�‹�� �|�_�;�� �7�b�v�|�u�b�0�†	ž�o�m�� �o�=�� �-�l�b�o�7�-�u�o�m�;�7�� �-���‰�;�t�t�J
�h�m�o�‰�m���t�b�r�b�7�o�v�b�v�J�b�m�7�†�1�b�m�]���7�u�†�]�:�����|���‰�-�v���v�_�o�‰�m���|�_�-�|���m�o�|���o�m�t�‹��
�7�o�;�v���	���"�����r�u�o�ˆ�b�7�;���o�r�;�u�-	ž�o�m�-�t���v�b�l�r�t�b�1�b�|�‹���-�|���-�|�l�o�v�r�_�;�u�b�1��
�r�u�;�v�v�†�u�;���-�m�7���u�;�t�†�b�u�;�v���m�o���v�-�l�r�t�;���r�u�;�r�-�u�-	ž�o�m�7���0�†�|���b�|���-�t�v�o��
�-�t�t�o�‰�v�� �=�o�u�� �u�;�r�;�-�|�� �-�m�-�t�‹�v�b�v�� �o�=�� �|�_�;�� �v�-�l�;�� �v�;�1	ž�o�m�� �v�;�ˆ�;�u�-�t��
	ž�l�;�v�:���$�_�b�v�� �7�u�-�v	ž�1�-�t�t�‹�� �u�;�7�†�1�;�v�� �7�;�t�o�1�-�t�b�v�-	ž�o�m�7�� �-�t�t�o�‰�v�� �=�o�u��
�-�r�r�t�b�1�-	ž�o�m���o�=���v�b�l�r�t�;���u�;�]�b�v�|�u�-	ž�o�m���u�o�†	ž�m�;�v���=�o�u���7�-�|�-���-�1�t�†�b-
�v�b	ž�o�m�7���-�m�7���-�t�t�o�‰�v���=�o�u���7�;�|�;�1	ž�o�m���o�=���l�o�t�;�1�†�t�;�v���b�m���0�o�|�_���r�o�v�b-
	ž�ˆ�;�J���-�m�7���m�;�]�-	ž�ˆ�;�J�b�o�m���l�o�7�;���‰�b�|�_�o�†�|���|�_�;���m�;�;�7���=�o�u���v�;�u�b�-�t��
�v�;�1	ž�o�m�b�m�]�:�� ���o�‰�;�ˆ�;�u�7�� �-�� �t�b�l�b�|�-	ž�o�m�� �o�=�� �|�_�b�v�� �|�;�1�_�m�b�t�†�;�� �v	ž�t�t��
�t�b�;�v���b�m���|�_�;���u�;�t�-	ž�ˆ�;�t�‹���r�o�o�u���v�r�-	ž�-�t���u�;�v�o�t�†	ž�o�m���P�’�•�K�•�”�•�S
•�l�Q 
�‰�_�;�m���1�o�l�r�-�u�;�7���|�o���o�|�_�;�u���;�v�|�-�0�t�b�v�_�;�7���b�l�-�]�b�m�]���r�t�-�•�o�u�l�v�:4

�$�_�;�� �†�t	ž�l�-�|�;�� �]�o�-�t�� �o�=�� �1�-�u�u�‹�b�m�]�� �o�†�|�� ���"�����b�m���ˆ�b�ˆ�o with no 
�v�-�l�r�t�;���r�u�;�r�-�u�-	ž�o�m���m�;�;�7�;�7���b�v���0�;�1�o�l�b�m�]���l�o�u�;���-�m�7���l�o�u�;��
�=�;�-�v�b�0�t�;�:���)�_�b�t�v�|���|�_�;�u�;���-�r�r�;�-�u���|�o���0�;���m�o���u�;�r�o�u�|�v���o�=���u�;�-�t�J	ž�l�;��

���"�����b�m���v�†�u�]�b�1�-�t���v�;	®�m�]�v���|�o���7�-�|�;�7���|�o�o�t�v���v�†�1�_���-�v���|�_�;���b���m�b�=�;��
�-�m�7�� ���-�v�"�r�;�1�� ���;�m�� �_�-�ˆ�;�� �0�;�;�m�� �v�_�o�‰�m�� �|�o�� �b�7�;�m	ž�=�‹�� �0�o�u�7�;�u-
�t�b�m�;���|�†�l�o�†�u�v���b�m���u�;�-�t�J	ž�l�;���0�‹���-�m�-�t�‹�v�b�m�]���v�r�;�1�b�C�1���0�b�o�l�-�u�h�;�u�v��
�‰�b�|�_�� �m�o�� �v�-�l�r�t�;�� �r�u�;�r�-�u�-�|�b�o�m�� �u�;�t�†�b�u�;�7�:45,46 These tech-
�m�b�t�†�;�v�� �7�o�� �_�-�ˆ�;�� �|�_�;�� �r�o�|�;�m	ž�-�t�� �|�o�� �0�;�� �1�o�†�r�t�;�7�� �‰�b�|�_�� ���"����
�-�m�7���r�u�o�ˆ�b�7�;���t�†�-�t�b�|�-	ž�ˆ�;���-�m�7���v�r�-	ž�-�t���b�m�=�o�u�l�-	ž�o�m���-�0�o�†�|���|�_�;��
�|�†�l�o�†�u���l�b�1�u�o�;�m�ˆ�b�u�o�m�l�;�m�|���|�o���-�b�7���-���v�†�u�]�;�o�m���|�o���7�b�v	ž�m�]�†�b�v�_��
�|�_�;���1�-�m�1�;�u�o�†�v��	ž�v�v�†�;�v���b�m���>�u�;�-�t�J	ž�l�;�?���b�m���-���l�-�m�m�;�u���|�_�-�|���_�-�v��
never been envisioned before.

�"�-�l�r�t�;���r�u�;�r�-�u�-	ž�o�m���b�v�v�†�;�v���-�v�v�o�1�b�-�|�;�7���‰�b�|�_��
�v�r�;�1�b�C�1���-�m�-�t�‹�|�;�F�v�-�l�r�t�;���|�‹�r�;�v���o�=���1�†�u�u�;�m�|��
interest
Hair
Although fingerprints make up most publications in 
�=�o�u�;�m�v�b�1�� ���"���7�� �o�|�_�;�u�� �=�o�u�;�m�v�b�1�-�t�t�‹�� �u�;�t�;�ˆ�-�m�|�� �;�ˆ�b�7�;�m�1�;�� �_�-�ˆ�;��
�_�-�7���|�_�b�v���|�;�1�_�m�b�t�†�;�� �-�r�r�t�b�;�7�:�� �"�|�u�-�m�7�v���o�=���_�-�b�u���P�b�m���|�_�;�� �o�u�7�;�u��
of 20–100 �Smg for example) are normally the specimen 
of choice for determining chronic drug use.�“�• To give an 
�;�v	ž�l�-�|�;�7���‰�b�m�7�o�‰�� �o�=�� 	ž�l�;�� �;�Š�r�o�v�†�u�;�7�� �|�_�;�� �_�-�b�u�� �v�_�-�[�� �1�-�m��
be cut into 1�S�1�l���t�;�m�]�|�_�v���-�m�7���-�m�-�t�‹�v�;�7���|�‹�r�b�1�-�t�t�‹���0�‹���t�b�t�†�b�7��
chromatography-MS or gas chromatography-MS.�“�v�7�“�– 
���o�‰�;�ˆ�;�u�7���=�o�t�t�o�‰�b�m�]���|�_�;���]�u�o�‰�b�m�]���b�m�|�;�u�;�v�|���b�m���=�o�u�;�m�v�b�1�����"���7��
hair has been molecularly imaged to give a visual indica-
	ž�o�m���o�=���7�u�†�]���-�0�†�v�;�:���$�_�b�v���l�;�|�_�o�7���u�;�7�†�1�;�v���v�-�l�r�t�;���r�u�;�r�-�u�--
	ž�o�m��	ž�l�;�7���-�t�t�o�‰�v���|�_�;���7�;�|�;�1	ž�o�m���o�=���-���m�-�u�u�o�‰�;�u��	ž�l�;���=�u�-�l�;��
�-�m�7���-�t�v�o���u�;�7�†�1�;�v���|�_�;���-�l�o�†�m�|���o�=���v�-�l�r�t�;���u�;�t�†�b�u�;�7�:�����;�-�v�t�;�‹��
�;�|���-�r�850 detected notoriously poorly ionising cannabinoids 
in �v�b�m�]�r�;���_�-�b�u���v�|�-�m�7�v���=�o�u���|�_�;���C�u�v�|��	ž�l�;���†�v�b�m�]���-���1�o�l�0�b�m�-	ž�o�m��
�o�=�� �1�-�m�m�-�0�b�m�o�b�7�� �7�;�u�b�ˆ�-	ž�v�-	ž�o�m�� �-�m�7�� �������	���J���"���:�� ���Š�|�;�u�m�-�t��
�1�o�m�|�-�l�b�m�-	ž�o�m���b�v���-���r�u�;�v�;�m�|���1�_�-�t�t�;�m�]�;���=�o�u���_�-�b�u���-�m�-�t�‹�v�b�v���-�m�7��
�;�Š�|�;�u�m�-�t���v�o�t�ˆ�;�m�|���‰�-�v�_�;�v���-�u�;���u�;�t�†�b�u�;�7���b�m���o�u�7�;�u���|�o���u�;�l�o�ˆ�;��
such contaminants.

To facilitate another dimension of hair analysis, Flinders 
�;�|�� �-�r�851 developed a novel device which allowed preci-
�v�b�o�m�7���t�o�m�]�b�|�†�7�b�m�-�t���v�;�1	ž�o�m�b�m�]���o�=���_�-�b�u���v�|�u�-�m�7�v���;�m�-�0�t�b�m�]���1�t�;�-�u��
�t�-�|�;�u�-�t���ˆ�b�v�†�-�t�b�v�-	ž�o�m�� �o�=�� �|�_�;�� �1�†	ž�1�t�;�7�� �l�;�7�†�t�t�-�u�� �-�m�7�� �1�o�u�|�;�Š�:��
This group, from the Netherlands, then also success-
�=�†�t�t�‹�� �7�;�l�o�m�v�|�u�-�|�;�7�� �-�m�� �-�r�r�u�o�-�1�_�� �†�v�b�m�]�� �l�†�t	ž�r�t�;�J�u�;�-�1	ž�o�m��
�l�o�m�b�|�o�u�b�m�]���P���!���Q���|�o���7�;�|�;�1�|���l�;�|�-�0�o�t�b�|�;�v���b�m���_�-�b�u���v�;�1	ž�o�m�v��
differentiating between cocaine users and externally 
contaminated hair.�v���$�_�b�v���b�v���-���0�;�m�;�C�|���†�m�b�t�†�;���|�o�����"���7���‰�_�b�1�_��
can simultaneously perform MRM and provide the visual 
�7�b�v�|�u�b�0�†	ž�o�m���o�=���|�_�;���;�Š�-�1�|���t�o�1�-	ž�o�m���o�=���|�_�;�v�;���-�m�-�t�‹�|�;�v (Figure 
4). Analysis of the hair samples took around 3�Sh compared 
to the current methodology which takes 1�Sh; however, 
�v�-�l�r�t�;�� �r�u�;�r�-�u�-	ž�o�m�� �=�o�u�� �|�_�;�� �1�†�u�u�;�m�|�� �l�;�|�_�o�7�o�t�o�]�‹�� �|�-�h�;�v��
around 1�S�7�-�‹�7�� �‰�_�b�t�v�|�� �������	���J���"�� �v�-�l�r�t�;�� �r�u�;�r�-�u�-	ž�o�m�� �b�v��



�v�� �!�;�ˆ�b�;�‰�9�����l�;�u�]�b�m�]�����r�r�t�b�1�-�|�b�o�m�v���b�m�����-�v�v���"�r�;�1�|�u�o�l�;�|�u�‹�����l�-�]�b�m�]�8�����m�-�0�t�;�u�v���-�m�7���!�o�-�7�0�t�o�1�h�v

1�S�_�7���|�_�†�v���b�m�7�b�1�-	ž�m�]���-���v�b�]�m�b�C�1�-�m�|�t�‹���_�b�]�_�;�u���o�ˆ�;�u�-�t�t���v�r�;�;�7���o�=��
�_�-�b�u���r�u�o�1�;�v�v�b�m�]���†�v�b�m�]���������	���J���"���:

���b�o�r�_�-�u�l�-�1�;�†	ž�1�-�t�v
���b�o�r�_�-�u�l�-�1�;�†	ž�1�-�t�v���_�-�ˆ�;���u�;�1�;�b�ˆ�;�7���1�o�m�v�b�7�;�u�-�0�t�;���-�‚�;�m	ž�o�m��
over recent years, becoming one of the fastest growing 
�v�;�1�|�o�u�v�� �‰�b�|�_�b�m�� �|�_�;�� �r�_�-�u�l�-�1�;�†	ž�1�-�t�� �b�m�7�†�v�|�u�‹�:�� �$�_�;�� �u�-�r�b�7��
�]�u�o�‰�|�_�� �o�=�� �0�b�o�r�_�-�u�l�-�1�;�†	ž�1�-�t�v�� �_�-�v�� �|�_�†�v�� �1�_�-�t�t�;�m�]�;�7�� ���"����
�|�o�� �r�u�o�]�u�;�v�v�� �|�_�;�b�u�� �7�;�|�;�1	ž�o�m�� �-�m�7�� �b�l�-�]�b�m�]���‰�b�|�_�� �|�_�;�� �v�-�l�;��
�l�o�l�;�m�|�†�l�:�� �	�;�|�;�1	ž�m�]�� �t�-�u�]�;�� �l�o�t�;�1�†�t�-�u�� �l�-�v�v�� �l�o�t�;�1�†�t�;�v��
of ~40–150 �S�h�	�-���0�‹�����"�����r�u�;�v�;�m�|�v���b�v�v�†�;�v���-�v�v�o�1�b�-�|�;�7���‰�b�|�_��
�|�_�;�b�u���t�o�‰���b�o�m�b�v�-	ž�o�m���;�L�1�b�;�m�1�b�;�v���t�;�-�7�b�m�]���|�o���r�o�o�u���v�;�m�v�b	ž�ˆ�b�|�‹�7��
�‰�_�b�1�_�� �_�-�ˆ�;�� �_�b�m�7�;�u�;�7�� �|�_�;�� �7�;�|�;�1	ž�o�m�� �o�=�� �0�b�o�t�o�]�b�1�v���‰�b�|�_�b�m��
	ž�v�v�†�;�v�:

The employment of proteomic strategies for the 
�7�;�|�;�1	ž�o�m���o�=�� �0�b�o�t�o�]�b�1�v���b�m���ˆ�b�ˆ�o��has had some success. An 
�b�m�J�v�o�†�u�1�;���7�;�1�-�‹���P���"�	�Q���|�o�r�J�7�o�‰�m���=�u�-�]�l�;�m�|�-	ž�o�m���-�r�r�u�o�-�1�_��
exploited by Ait-Belkacem �;�|�� �-�r.52 detected the mono-
�1�t�o�m�-�t���|�_�;�u�-�r�;�†	ž�1�v�7���0�;�ˆ�-�1�b�Œ�†�l�-�0���-�m�7���r�-�t�b�ˆ�b�Œ�†�l�-�0���‰�b�|�_�b�m��
the brain. With the ability to rapidly fragment proteins, 
�|�_�;�����"�	���-�r�r�u�o�-�1�_���_�-�v���m�o���t�b�l�b�|�-	ž�o�m���o�m���l�-�v�v���u�-�m�]�;���r�u�o�ˆ�b�m�]��
�0�;�m�;�C�1�b�-�t�� �=�o�u�� �t�-�u�]�;�u�� �l�o�t�;�1�†�t�-�u���‰�;�b�]�_�|�� �b�l�-�]�b�m�]�:���+�;�|�� �|�_�b�v��
strategy has its drawbacks. With the lack of precursor 
�b�o�m���v�;�t�;�1	ž�o�m�7���7�†�;���|�o���b�m�J�v�o�†�u�1�;���=�u�-�]�l�;�m�|�-	ž�o�m�7���b�7�;�m	ž�=�‹�b�m�]��
�0�b�o�t�o�]�b�1�J�v�r�;�1�b�C�1�� �r�;�-�h�v�� �b�m�� �1�o�l�r�t�b�1�-�|�;�7�� �v�r�;�1�|�u�-�� �-�l�o�m�]�v�|��
multiple proteins proves challenging, especially since 
�|�_�b�v�� �|�;�1�_�m�b�t�†�;�� �r�u�o�7�†�1�;�v�� �u�;�t�-	ž�ˆ�;�t�‹�� �t�o�‰�� �b�o�m���‹�b�;�t�7�� �o�=�� �=�u�-�]-
�l�;�m�|�v�:�����o�‰�;�ˆ�;�u�7���|�_�;�����"�	���-�r�r�u�o�-�1�_���7�o�;�v���-�t�t�o�‰���=�o�u���v�;�1�o�m�7��

��b�]�†�u�;���“�:���������	���J���"�F���"���b�l�-�]�;���o�=���t�o�m�]�b�|�†�7�b�m�-�t�t�‹���v�;�1	ž�o�m�;�7���7�u�†�]���†�v�;�u�v�=���_�-�b�u��
�v�-�l�r�t�;�v���P�b�m�v�;�u�|���v�_�o�‰�v���o�r	ž�1�-�t���b�l�-�]�;���o�=���t�o�m�]�b�|�†�7�b�m�-�t�t�‹���v�;�1	ž�o�m�;�7���_�-�b�u�Q�:���$�_�;��
�������	���J���"�F���"���b�l�-�]�;���v�_�o�‰�v���|�_�;���7�b�@�;�u�;�m	ž�-�t���7�b�v�|�u�b�0�†	ž�o�m���P�t�†�-�m	ž	ž�;�v���-�m�7��
�t�o�1�-	ž�o�m�Q���o�=���|�_�;���r�u�o�7�†�1�|���b�o�m���-�|��m/z���•�v�‘�7���7�;�u�b�ˆ�;�7���=�u�o�l���|�_�;���r�u�;�1�†�u�v�o�u���b�o�m���o�=��
�1�o�1�-�b�m�;���-�|��m/z���’�•�“���‰�b�|�_�b�m���|�_�;���_�-�b�u���v�_�-�[���o�=���|�‰�o���1�o�1�-�b�m�;���†�v�;�u�v�:���$�_�;���t�;�m�]�|�_���o�=��
�|�_�;���-�m�-�t�‹�v�;�7���_�-�b�u���v�-�l�r�t�;�v���‰�-�v���“�S�1�l���1�o�u�u�;�v�r�o�m�7�b�m�]���|�o���-���_�-�b�u���]�u�o�‰�|�_���r�;�u�b�o�7��
�o�=���“�S�l�o�m�|�_�:���"�b�m�1�;���|�_�;���v�r�-	ž�-�t���u�;�v�o�t�†	ž�o�m���-�t�o�m�]���|�_�;���_�-�b�u���b�v���•�”�•�S�Ý�l�7���;�-�1�_���r�b�Š�;�t��
�b�v���;�t�†�b�ˆ�-�t�;�m�|���|�o���-�r�r�u�o�Š�b�l�-�|�;�t�‹���•�‘�S�_���o�=���]�u�o�‰�|�_���P�-�7�-�r�|�;�7���-�m�7���u�;�r�u�o�7�†�1�;�7���=�u�o�l��
�!�;�=�;�u�;�m�1�;���v���†�m�7�;�u���|�_�;�����u�;�-	ž�ˆ�;�����o�l�l�o�m�v�����b�1�;�m�1�;���_�‚�r�9�F�F�1�u�;�-	ž�ˆ�;�1�o�l�l�o�m�v�:
�o�u�]�F�t�b�1�;�m�v�;�v�F�0�‹�F�“�:�•�F�Q�:
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�=�u�-�]�l�;�m�|�-	ž�o�m���h�m�o�‰�m���-�v���$3�J�v�;�t�†�;�m�1�b�m�]�7���‰�_�b�1�_���‰�b�t�t���;�m�-�0�t�;��
�-�l�b�m�o���-�1�b�7���v�;�t�†�;�m�1�b�m�]���=�o�u���1�o�m�C�7�;�m�|���b�7�;�m	ž�C�1�-	ž�o�m�:53

���t�|�;�u�m�-	ž�ˆ�;�t�‹�7�� �-�� �m�o�ˆ�;�t�� �-�r�r�u�o�-�1�_�� �o�=�� �-�m�� �o�m�J	ž�v�v�†�;�� �u�;�7�†�1-
	ž�o�m�� �-�m�7�� �-�t�h�‹�t�-	ž�o�m���‰�-�v�� �7�;�l�o�m�v�|�u�-�|�;�7�� �0�‹�� ���b�†���;�|�� �-�r.54 for 
�|�_�;���7�;�|�;�1	ž�o�m���o�=���-���l�o�m�o�1�t�o�m�-�t���7�u�†�]�7���1�;�|�†�Š�b�l�-�0���b�m���|�†�l�o�†�u��
�v�r�_�;�u�o�b�7�v���-�m�7���o�u�]�-�m�o�b�7�v�:���$�_�;���l�;�|�_�o�7���v�;�r�-�u�-�|�;�v���|�_�;���-�m	ž-
�0�o�7�‹�� �b�m�|�o�� �_�;�-�ˆ�‹�� �-�m�7�� �t�b�]�_�|�� �1�_�-�b�m�v�� �=�o�u�� �|�_�;�� �7�;�|�;�1	ž�o�m�� �-�|��
a smaller mass range, i.e. from 150�S�h�	�-�� �|�o�� �‘�•�K�”�•�S�h�	�-�:��
���b�l�b�|�-	ž�o�m�v�� �o�=�� �|�_�b�v�� �r�u�-�1	ž�1�;�� �1�-�m�� �u�;�v�†�t�|�� �b�m�� �t�o�‰�� �=�u�-�]�l�;�m�|�--
	ž�o�m�� �;�L�1�b�;�m�1�b�;�v�7�� �‰�_�b�1�_�� �1�-�m�� �b�l�r�-�1�|�� �|�_�;�� �-�0�b�t�b�|�‹�� �|�o�� �-�1�1�†-
rately isolate the ion of interest from considerable signal 
�o�=�� �;�m�7�o�]�;�m�o�†�v�� �v�r�;�1�b�;�v�:�� ���m�b	ž�-�t�� �r�u�o�C�t�b�m�]�� �o�=�� �|�_�;�� �u�;�7�†�1�;�7��
�-�m	ž�0�o�7�‹���b�v�7���|�_�;�u�;�=�o�u�;�7���m�;�1�;�v�v�-�u�‹���|�o���1�o�u�u�;�1�|�t�‹���b�7�;�m	ž�=�‹���|�_�;��
�0�b�o�t�o�]�b�1�:������ �v�b�]�m�b�C�1�-�m�|�� �t�-�1�h�� �o�=�� �r�†�0�t�b�1�-	ž�o�m�v�� �7�;�l�o�m�v�|�u�-�|�;�v��
the need for further method development for biologic 
�b�l�-�]�b�m�]�:���+�;�|���‰�b�|�_���|�_�;���r�u�o�]�u�;�v�v���o�=���|�_�;���|�‰�o���u�;�r�o�u�|�v���v�|�-�|�;�7��
�|�_�;�u�;�� �b�v�� �r�o�|�;�m	ž�-�t�� �=�o�u�� ���"���� �b�m�� �r�u�;�J�1�t�b�m�b�1�-�t�� �7�u�†�]�� �7�;�ˆ�;�t�o�r-
�l�;�m�|���|�o���0�;���†	ž�t�b�v�;�7���b�m���|�_�;���0�b�o�r�_�-�u�l�-�1�;�†	ž�1�-�t���b�m�7�†�v�|�u�‹�:

�"�-�l�r�t�;���-�m�-�t�‹�v�b�v
�$�b�l�;���o�=���-�1�t�†�b�v�b	ž�o�m
One of the main roadblocks discussed which prevents 
���"���� �r�u�o�]�u�;�v�v�b�m�]�� �b�m�|�o���u�o�†	ž�m�;�� �†�v�;�� �b�m���b�m�7�†�v�|�u�‹�� �b�v���|�_�;�� 	ž�l�;��
�|�-�h�;�m�� �=�o�u�� �b�l�-�]�;�� �-�1�t�†�b�v�b	ž�o�m�:���$�_�;�� �o�ˆ�;�u�-�t�t�� 	ž�l�;�� �u�;�t�†�b�u�;�7��
�=�o�u�� �-�m�� ���"���� �;�Š�r�;�u�b�l�;�m�|�� �|�o�� �0�;�� �†�m�7�;�u�|�-�h�;�m�� �;�m�1�o�l�r�-�v�v�;�v��
�v�-�l�r�t�;���r�u�;�r�-�u�-	ž�o�m�7���-�1�t�†�b�v�b	ž�o�m��	ž�l�;���-�m�7���7�-�|�-���r�u�o�1�;�v�v�b�m�]�:��
Hence, much of the progress in technological develop-
�l�;�m�|���_�-�v���=�o�1�†�v�;�7���o�m���v�_�o�u�|�;�m�b�m�]���|�_�;��	ž�l�;���b�|���|�-�h�;�v���|�o���1�o�ˆ�;�u��
these stages.

���m�� �������	���� �b�l�-�]�b�m�]�7�� �|�_�;�� �v�r�o�|�J�|�o�J�v�r�o�|�� �-�1�t�†�b�v�b	ž�o�m�� 	ž�l�;��
and the laser repetition rate have historically been 
�t�b�l�b	ž�m�]�� �=�-�1�|�o�u�v�� �b�m�� �|�_�;�� �o�ˆ�;�u�-�t�t�� �v�r�;�;�7�� �o�=�� �-�1�t�†�b�v�b	ž�o�m�:���$�_�;��
�‰�b�7�;�v�r�u�;�-�7�� �-�7�o�r	ž�o�m�� �o�=�� �u�-�v�|�;�u�� �b�l�-�]�b�m�]�� �P�t�b�m�;�� �v�1�-�m�m�b�m�]�Q��
�=�o�u�� �������	���J���"���� �-�m�7�� �b�m�� �-�7�7�b	ž�o�m�� �|�o�� �|�_�;�� �b�m�1�u�;�-�v�;�� �b�m�� �|�_�;��
�|�‹�r�b�1�-�t�� �u�;�r�;	ž	ž�o�m�� �u�-�|�;�� �o�=�� �t�-�v�;�u�v�� �†�v�;�7�� �|�o�� �•�K�‘�SkHz, repre-
�v�;�m�|�� �u�;�-�t�� �]�-�l�;�� �1�_�-�m�]�;�u�v�� �b�m�� �|�_�;�� �v�r�;�;�7�� �o�=�� �-�1�t�†�b�v�b	ž�o�m�� �=�o�u��
�|�_�b�v���l�o�7�-�t�b�|�‹�:���$�‹�r�b�1�-�t�t�‹�7���-�m���-�u�;�-���o�=���|�_�;���v�b�Œ�;���o�=���-���C�m�]�;�u�l�-�u�h��
may have taken more than 20�Sh to be imaged with a 
�u�;�t�-	ž�ˆ�;�t�‹���]�o�o�7���v�r�-	ž�-�t���u�;�v�o�t�†	ž�o�m���P�•�•�•�S�Ý�l pixel size) even 
�o�m���-�m���b�m�v�|�u�†�l�;�m�|���C�‚�;�7���‰�b�|�_���-���•�S�h���Œ���t�-�v�;�u�7���b�=���-�1�t�†�b�u�b�m�]���b�m��
�v�r�o�|�J�|�o�J�v�r�o�|�� �l�o�7�;�:�� ���m�� �t�b�m�;�� �v�1�-�m�m�b�m�]�� �l�o�7�;�� �|�_�b�v�� �1�-�m�� �0�;��
achieved in 30�Smin. Recent advances have pushed the 
�v�r�;�;�7���0�o�†�m�7�-�u�b�;�v���;�ˆ�;�m���=�†�u�|�_�;�u���0�‹���|�_�;���b�m�|�;�]�u�-	ž�o�m���o�=���|�_�;��

•�������	���� �v�o�†�u�1�;�� �o�m�� �b�m�v�|�u�†�l�;�m�|�v�� �v�†�1�_�� �-�v���)�-�|�;�u�v�� � �$�����
�"�‹�m�-�r�|�� �P�)�-�|�;�u�v�7���)�b�t�l�v�t�o�‰�7�� �&���Q�� �-�m�7�� �|�_�;�� ���u�†�h�;�u�� �!�-�r�b�Y�;�Š��
(Bruker, Bremen Germany).55 Now an image, the size of 

�-���C�m�]�;�u�l�-�u�h���P�-�|���•�•�•�S�Ý�l���r�b�Š�;�t���v�b�Œ�;�Q�7���1�-�m���0�;���-�1�t�†�b�u�;�7���b�m���-�v��
�t�b�‚�t�;���-�v���•�•�S�S�l�b�m�:���"�†�1�_���-���v�b�]�m�b�C�1�-�m�|���b�m�1�u�;�-�v�;���b�m���|�_�;���v�r�;�;�7���o�=��
�-�1�t�†�b�v�b	ž�o�m���_�-�v���0�;�m�;�C�|�v���=�o�u���-�t�t���C�;�t�7�v���†�v�b�m�]�����"���:

�"�r�-	ž�-�t���u�;�v�o�t�†	ž�o�m
Another area that has seen constant improvement in 
���"���� �b�v�� �|�_�;�� �v�r�-	ž�-�t�� �u�;�v�o�t�†	ž�o�m���-�1�_�b�;�ˆ�-�0�t�;�:�� ���m���t�;�v�v�� �|�_�-�m���•�•��
�‹�;�-�u�v�7�� �|�_�;�� �-�ˆ�-�b�t�-�0�t�;�� �v�r�-	ž�-�t�� �u�;�v�o�t�†	ž�o�m�� �_�-�v�� �b�l�r�u�o�ˆ�;�7�� �o�m��
commercially available instrumentation from 100�S�Ý�l��
down to sub-micron. The Spengler group published a 
�v�|�†�7�‹�� �r�;�u	ž�m�;�m�|�� �|�o�� �|�_�b�v�� �C�;�t�7�7�� �t�o�o�h�b�m�]�� �-�|�� �|�_�;�� �1�o�u�u�;�t�-	ž�o�m��
�0�;�|�‰�;�;�m���|�_�;���=�o�u�l�-	ž�o�m���o�=���b�o�m�v���-�m�7���t�-�v�;�u���v�r�o�|���v�b�Œ�;���b�m���_�b�]�_�J
�u�;�v�o�t�†	ž�o�m�� �������	���� �b�l�-�]�b�m�]�:56�� ���m�� �-�7�7�b	ž�o�m�7�� �|�_�;�‹�� �u�;�r�o�u�|�;�7��
�o�m�� �t�-�v�;�u�� �o�r	ž�1�-�t�� �u�;�v�o�t�†	ž�o�m�� �-�m�7�� �|�_�;�� �7�;�r�;�m�7�;�m�1�;�� �o�=�� �b�o�m��
�v�b�]�m�-�t�� �b�m�|�;�m�v�b	ž�;�v�� �o�m�� �0�o�|�_�� �t�-�v�;�u�� �Y�†�;�m�1�;�� �-�m�7�� �t�-�v�;�u�� �0�;�-�l��
�r�u�o�C�t�;�� �‰�b�|�_�b�m�� �|�_�;�� �v�r�-	ž�-�t�� �u�;�v�o�t�†	ž�o�m�� �u�-�m�]�;�� �•�:�•�K�v�:�“�S
•�l�:��
The authors indicated that their data supported the view 
�|�_�-�|���|�_�;�u�;���‰�;�u�;���m�o���1�_�-�m�]�;�v���|�o���|�_�;���7�;�v�o�u�r	ž�o�m�F�b�o�m�b�v�-	ž�o�m��
model when smaller laser spot sizes are employed. They 
contrasted this with earlier work that suggested that 
thermal processes dominated at smaller spot sizes.�”�• 
�$�_�;�u�;���-�u�;���l�-�m�‹���C�;�t�7�v���‰�_�;�u�;���b�l�r�u�o�ˆ�;�7���v�r�-	ž�-�t���u�;�v�o�t�†	ž�o�m��
�b�m���b�l�-�]�;�v���o�@�;�u�v���o�r�r�o�u�|�†�m�b	ž�;�v���|�o���;�Š�r�t�o�u�;���m�;�‰���v�1�b�;�m�1�;�:�����m��
�|�_�;�� �C�;�t�7�� �o�=�� �C�m�]�;�u�l�-�u�h�� �-�m�-�t�‹�v�b�v�7�� �_�b�]�_�� �v�r�-	ž�-�t�� �u�;�v�o�t�†	ž�o�m��
�b�v�� �r�-�u	ž�1�†�t�-�u�t�‹�� �b�l�r�o�u�|�-�m�|�� �|�o�� �r�u�o�ˆ�b�7�;�� �-�v�� �l�-�m�‹���l�b�m�†�¼�-�; as 
possible (local characteristics of the fingermark ridge 
�r�-�‚�;�u�m�7���†�m�b�t�†�;�7���-�v���-���‰�_�o�t�;�7���|�o���-�m���b�m�7�b�ˆ�b�7�†�-�t�Q���_�;�t�r�b�m�]���‰�b�|�_��
�|�_�;���b�7�;�m	ž�C�1�-	ž�o�m���o�=���-���v�†�v�r�;�1�|�:���$�_�;���b�m�1�u�;�-�v�;�7���t�-�|�;�u�-�t���u�;�v�o-
�t�†	ž�o�m�� �|�o�� �\�•�”�S
•�l���‰�b�|�_�� �|�_�;�� 
•�������	����source enables the 
�r�u�o�ˆ�b�v�b�o�m���o�=���1�o�l�r�u�;�_�;�m�v�b�ˆ�;���0�b�o�l�;�|�u�b�1���b�m�=�o�u�l�-	ž�o�m�7���-�v���‰�;�t�t��
as accurately localising forensically relevant compounds. 
For example, a species that is localising precisely on the 
pores of the ridges would indicate a substance that has 
genuinely originated from the owner of the mark and 
�|�_�b�v���b�m�=�o�u�l�-	ž�o�m���b�v���ˆ�;�u�‹���_�;�t�r�=�†�t���|�o���=�o�u�l�†�t�-�|�;���-�1	ž�ˆ�b�|�‹���t�;�ˆ�;�t��
�r�u�o�r�o�v�b	ž�o�m���-�|���-�m���b�m�ˆ�;�v	ž�]�-	ž�ˆ�;���-�m�7���f�†�7�b�1�b�-�t���7�;�0�-�|�;���t�;�ˆ�;�t�:

� �†�-�m	ž�|�-	ž�o�m
� �†�-�m	ž�|�-	ž�ˆ�;���P� �Q�J���"�����_�-�v���;�l�;�u�]�;�7���-�v���-���>�_�o�|�?���|�o�r�b�1���‰�b�|�_�b�m��
�r�_�-�u�l�-�1�;�†	ž�1�-�t�� �7�;�ˆ�;�t�o�r�l�;�m�|�:�� �"�b�l�†�t�|�-�m�;�o�†�v�� �t�†�-�m	ž�C�1�--
	ž�o�m�� �-�m�7�� �t�o�1�-�t�b�v�-	ž�o�m�� �o�=�� �-�� �|�-�u�]�;�|�;�7�� �7�u�†�]�� �-�m�7�� �b�|�v�� �-�1	ž�ˆ�;��
�1�o�l�r�o�†�m�7�v�� �_�-�v�� �0�;�;�m�� �7�;�l�o�m�v�|�u�-�|�;�7�� �0�‹�� �������	���7�� �	���"���7��
�����"���� �-�m�7�� �����J�������J���"�:�”�v�K�u�‘�� ���v�|�-�0�t�b�v�_�b�m�]�� ���"���� �=�o�u�� �-�0�v�o-
�t�†�|�;�� �t�†�-�m	ž�|�-	ž�o�m�7�� �_�o�‰�;�ˆ�;�u�7�� �_�-�v�� �r�u�;�v�;�m�|�;�7�� �1�_�-�t�t�;�m�]�;�v�� �b�m��
obtaining high precision, accuracy and reproducibility. 
�	�†�;�� �|�o�� �|�_�;�� �‰�;�t�t�J�7�o�1�†�l�;�m�|�;�7�� �b�v�v�†�;�v�� �‰�b�|�_�� �b�o�m�� �v�†�r�r�u�;�v-
sion analyte extraction and matrix effects, the funda-
�l�;�m�|�-�t���-�v�r�;�1�|�v���o�=�����"�����m�;�;�7���|�o���0�;���1�o�m�v�b�7�;�u�;�7���b�m���o�u�7�;�u���|�o��



�•�•�� �!�;�ˆ�b�;�‰�9�����l�;�u�]�b�m�]�����r�r�t�b�1�-�|�b�o�m�v���b�m�����-�v�v���"�r�;�1�|�u�o�l�;�|�u�‹�����l�-�]�b�m�]�8�����m�-�0�t�;�u�v���-�m�7���!�o�-�7�0�t�o�1�h�v

�r�u�o�7�†�1�;���=�†�t�t�‹���ˆ�-�t�b�7�-�|�;�7�����"�����l�;�|�_�o�7�o�t�o�]�‹���=�o�u���t�†�-�m	ž�|�-	ž�ˆ�;��
analysis.63–65

���m��� �J���"���7���-���1�-�t�b�0�u�-	ž�o�m���1�†�u�ˆ�;���b�v���m�;�1�;�v�v�-�u�‹���=�o�u���|�_�;���-�m�-�t�‹�|�;��
�o�=���b�m�|�;�u�;�v�|���P�������Q�:�����_�o�o�v�b�m�]���-���l�;�|�_�o�7���|�o���b�m�1�t�†�7�;���v�|�-�m�7�-�u�7�v��
into the experiment in order to construct calibration 
curves is dependent on the nature of the study, i.e. the 
	ž�v�v�†�;���|�‹�r�;���o�u���b�l�-�]�b�m�]���|�;�1�_�m�b�t�†�;�:���"�r�o	®�m�]���v�|�-�m�7�-�u�7���v�o�t�†-
	ž�o�m�v���7�b�u�;�1�|�t�‹���o�m�|�o���|�_�;���|�-�u�]�;�|���r�t�-�|�;���_�-�v���0�;�;�m���7�b�v�1�-�u�7�;�7���=�o�u��
�l�o�v�|�� �b�l�-�]�b�m�]�� �|�;�1�_�m�b�t�†�;�v�� �7�†�;�� �|�o�� �|�_�;�� �=�-�b�t�†�u�;�� �|�o�� �u�;�r�t�b�1�-�|�;��
	ž�v�v�†�;�� �l�-�|�u�b�Š�� �;�@�;�1�|�v�:66�����v�� �-�m�� �-�t�|�;�u�m�-	ž�ˆ�;�� �v�r�o	®�m�]�� �v�|�-�m-
�7�-�u�7�v�� �o�m�|�o�� �o�u�� �†�m�7�;�u�� �-�� �1�o�m�|�u�o�t�� 	ž�v�v�†�;�� �o�u�� �v�b�l�b�t�-�u�� �l�-�|�u�b�Š�7��
i.e. gelatin, is often used to recreate ion suppression 
�1�o�m�7�b	ž�o�m�v�:�u�•�7�u�v������ �1�u�b	ž�1�b�v�l�� �o�=�� �|�_�b�v�� �-�r�r�u�o�-�1�_�7�� �_�o�‰�;�ˆ�;�u�7�� �b�v��
�|�_�;���1�-�t�b�0�u�-	ž�o�m���ˆ�-�u�b�-�0�b�t�b�|�‹���b�m�Y�†�;�m�1�;�7���0�‹���-��	ž�v�v�†�;�=�v���_�;�|�;�u�o-
geneous environment. Russo �;�|�� �-�r�824 reported, however, 
�r�u�;�1�b�v�;�� �†�v�;�� �o�=���|�_�;�� �v�r�o	®�m�]�� �|�;�1�_�m�b�t�†�;�� �0�‹�� �-�r�r�t�‹�b�m�]�� �m�-�m�o-
litre volumes of a standard solely within the epidermis of 
�-���’�	���v�h�b�m���l�o�7�;�t���|�o���u�;�r�t�b�1�-�|�;���|�_�;���-�0�v�o�u�r	ž�o�m���7�b�v�|�u�b�0�†	ž�o�m��
region of the drug of interest.

Spiked tissue homogenates are commonly used to 
�1�u�;�-�|�;���l�-�|�u�b�Š���l�-�|�1�_�;�7���v�|�-�m�7�-�u�7�v���=�o�u���-�1�1�†�u�-�|�;���u�;�r�t�b�1�-	ž�o�m��
from sample to sample.�”�v�7�u�‘�����u�;�r�-�u�-	ž�o�m���o�=���|�_�;�v�;���l�b�l�;	ž�1��
	ž�v�v�†�;���l�o�7�;�t�v���]�;�m�;�u�-�t�t�‹���u�;�t�†�b�u�;�v���t�-�u�]�;���ˆ�o�t�†�l�;�v�7���‰�_�b�1�_���1�-�m��
�0�;�� �1�o�v�|�t�‹�� �-�m�7�� 	ž�l�;�� �1�o�m�v�†�l�b�m�]�:�� �!�;�1�;�m�|�t�‹�7�� �-�� �v�|�†�7�‹�� �7�;�ˆ�;�t-
�o�r�;�7�� �-�� �l�;�|�_�o�7�� �o�=�� �=�u�;�;�Œ�b�m�]�� �v�;�u�b�-�t�� �v�r�b�h�;�7�� 	ž�v�v�†�;�� �_�o�l�o�]-
�;�m�-�|�;�v���‰�b�|�_�b�m���-�� �l�o�†�t�7�� �|�o�� �1�u�;�-�|�;�� �-�� �1�-�t�b�0�u�-	ž�o�m���>�v�1�-�t�;�� �0�-�u�?��
against a sample.�u�–���$�_�b�v���l�;�|�_�o�7���b�m�1�u�;�-�v�;�v���|�_�;���;�L�1�b�;�m�1�‹��
�o�=�� �|�_�;�� �;�Š�r�;�u�b�l�;�m�|�� �-�m�7�� �u�;�7�†�1�;�v�� �r�u�;�r�-�u�-	ž�o�m�� 	ž�l�;�:�� �$�_�;��
�-�l�o�†�m�|�� �-�m�7�� �1�o�v�|�� �o�=�� �1�o�m�|�u�o�t�� 	ž�v�v�†�;�v�� �=�o�u�� �_�o�l�o�]�;�m�b�v�-	ž�o�m��
�b�v�� �v	ž�t�t�� �-�� �7�u�-�‰�0�-�1�h�7�� �_�o�‰�;�ˆ�;�u�7�� �-�m�7�� �|�_�;�� �r�u�o�1�;�v�v�� �b�v�� �t�-�0�o�†�u��
�b�m�|�;�m�v�b�ˆ�;���‰�_�;�m���1�o�l�r�-�u�;�7���|�o���v�r�o	®�m�]���|�;�1�_�m�b�t�†�;�v�:

�$�o���b�m�1�u�;�-�v�;���|�_�;���r�o�|�;�m	ž�-�t���o�=��� �J���"�����-�m�-�t�‹�v�b�v�7���-�m���b�m�|�;�u�m�-�t��
�v�|�-�m�7�-�u�7�� �P���"�Q�� �1�-�m�� �0�;�� �-�7�7�;�7�� �|�o�� �m�o�u�l�-�t�b�v�;�� �7�b�=�=�;�u�;�m�1�;�v��
�b�m�� �b�o�m�b�v�-�|�b�o�m�� �u�;�v�r�o�m�v�;�� �-�1�u�o�v�v�� �-�� �|�b�v�v�†�;�:�� ���m�� ���"�� �l�†�v�|�� �0�;��
chemically similar to the target analyte and is ideally a 
�7�;�†�|�;�u�-�|�;�7���1�o�l�r�o�†�m�7�:�����m���|�_�;���t�b�|�;�u�-�|�†�u�;���|�_�;�u�;���-�u�;���l�†�t	ž�r�t�;��
�|�;�1�_�m�b�t�†�;�v�� �u�;�r�o�u�|�;�7�� �=�o�u�� �b�m�|�u�o�7�†�1�b�m�]�� �-�m�� ���"�� �b�m�|�o�� ���"����
�;�Š�r�;�u�b�l�;�m�|�v�:�� ��o�u�� �;�Š�-�l�r�t�;�7�� �-�r�r�t�‹�b�m�]�� �|�_�;�� ���"�� �0�;�m�;�-�|�_�� �|�_�;��
	ž�v�v�†�;�� �_�-�v�� �0�;�;�m�� �u�;�r�o�u�|�;�7�� �=�o�u�� �������	���� �-�m�-�t�‹�v�b�v�� �-�v�� �l�-�|�u�b�Š��
�1�-�m�� �;�Š�|�u�-�1�|�� �0�o�|�_�� �|�_�;���������� �-�m�7�� ���"�� �=�u�o�l�� �|�_�;�� 	ž�v�v�†�;�� �7�†�u�b�m�]��
�1�u�‹�v�|�-�t�t�b�v�-	ž�o�m�:�����t�|�;�u�m�-	ž�ˆ�;�t�‹�7���b�m���������	���J���"�����|�_�;�����"���1�-�m���0�;��
�r�u�;�l�b�Š�;�7���‰�b�|�_���|�_�;���l�-�|�u�b�Š�:�����o�u�;���=�u�;�t�†�;�m�|�t�‹�7���-�r�r�t�b�1�-	ž�o�m���o�=��
���"�� �0�‹�� �v�r�u�-�‹�b�m�]�� �o�u�� �0�‹�� �†�v�;�� �o�=�� �|�_�;�� �v�r�o	®�m�]�� �|�;�1�_�m�b�t�†�;�v�� �-�u�;��
�†�v�;�7�� �=�o�u�� �o�|�_�;�u�� �b�l�-�]�b�m�]�� �l�o�7�-�t�b	ž�;�v�� �7�†�;�� �|�o�� �|�_�;�� �;�L�1�b�;�m�1�‹��
�o�=�� ���"�� �;�Š�|�u�-�1	ž�o�m�:�”�–�7�u�–�7�•�• There is disagreement, however, 
�‰�_�;�|�_�;�u�� �|�_�b�v�� �-�1�1�†�u�-�|�;�t�‹�� �u�;�Y�;�1�|�v�� �|�_�;�� �-�m�-�t�‹�|�;�� �;�Š�|�u�-�1	ž�o�m��
�=�u�o�l���|�_�;��	ž�v�v�†�;�:�����o�‰�;�ˆ�;�u�7���0�‹���v�r�u�-�‹�b�m�]���o�u���v�r�o	®�m�]���-�m�����"���b�|��
�;�m�-�0�t�;�v���|�_�;���v�|�†�7�‹���o�=���‰�_�o�t�;��	ž�v�v�†�;���v�;�1	ž�o�m�v���o�u���-���!�����:

�$�_�;�� �†�v�;�� �o�=�� � �J���"���� �_�-�v�� �m�o�|�� �0�;�;�m���‰�b�7�;�t�‹�� �u�;�r�o�u�|�;�7�� �=�o�u��
�1�t�b�m�b�1�-�t�� �-�r�r�t�b�1�-	ž�o�m�v�7�� �;�ˆ�;�m�� �|�_�o�†�]�_�� �|�_�;�� �-�0�b�t�b�|�‹�� �|�o�� �l�o�m�b�|�o�u��
�-�m�7���t�†�-�m	ž�=�‹���7�u�†�]���r�;�m�;�|�u�-	ž�o�m���b�m��	ž�v�v�†�;�v���b�v���-���1�t�;�-�u���l�;�7�b�1�-�t��
�m�;�;�7�:���$�_�;���_�;�|�;�u�o�]�;�m�;�b�|�‹���o�=���r�-	ž�;�m�|��	ž�v�v�†�;�v���b�v���-�m���o�0�ˆ�b�o�†�v��
�u�o�-�7�0�t�o�1�h���o�m���1�o�m�ˆ�;�m	ž�o�m�-�t��� �J���"�����l�;�|�_�o�7�v�:���"�-�l�l�o�†�u���;�|��
�-�r�8�•�• have recently published a proof-of-concept study 
�o�m���|�_�;���b�m�|�;�]�u�-	ž�o�m���o�=��� �J���"�����b�m�|�o���-���1�t�b�m�b�1�-�t���-�r�r�t�b�1�-	ž�o�m�:������
�7�b�t�†	ž�o�m���v�;�u�b�;�v���‰�-�v���]�;�m�;�u�-�|�;�7���0�‹���v�r�o	®�m�]���1�-�t�b�0�u�-�m�|�v���o�m�|�o��
�r�o�u�1�b�m�;�� 	ž�v�v�†�;�� �-�7�f�-�1�;�m�|�� �|�o�� �|�†�l�o�u�o�†�v�� �-�m�7�� �m�o�m�J�|�†�l�o�u�o�†�v��
�r�-	ž�;�m�|�� 	ž�v�v�†�;�v�� �|�u�;�-�|�;�7���‰�b�|�_�� �b�l�-	ž�m�b�0�:�����7�7�b	ž�o�m�-�t�t�‹�7�� �-�m�� ���"��
�o�=�� �7�;�†�|�;�u�-�|�;�7�� �b�l�-	ž�m�b�0�� �‰�-�v�� �v�r�u�-�‹�;�7�� �-�1�u�o�v�v�� �-�t�t�� 	ž�v�v�†�;�v�:��
The novel aspect was the employment of a non-linear 
�u�;�]�u�;�v�v�b�o�m���1�†�u�ˆ�;���-�v���-���v�†�r�;�u�b�o�u���1�-�t�b�0�u�-	ž�o�m���l�;�|�_�o�7���0�-�v�;�7��
�o�m�� �b�l�-	ž�m�b�0�J�1�o�m�|�-�b�m�b�m�]�� �r�b�Š�;�t�v�� �P�"�F���S�¾�S3). This was used 
to create an accurate and precise methodology that 
�‰�-�v�� �-�0�t�;�� �|�o�� �_�-�m�7�t�;�� �_�b�]�_�t�‹�� �_�;�|�;�u�o�]�;�m�;�o�†�v�� 	ž�v�v�†�;�v�� �‰�b�|�_��
�7�b�@�;�u�;�m�|�� �-�l�o�†�m�|�v�� �o�=���������:���)�_�b�t�v�|�� �|�_�;�� �l�;�|�_�o�7�o�t�o�]�‹���‰�-�v��
not fully validated, this study demonstrates a great appli-
�1�-	ž�o�m���o�=��� �J���"�����b�m�|�o���1�t�b�m�b�1�-�t���r�_�-�u�l�-�1�o�t�o�]�b�1�-�t���v�|�†�7�b�;�v���-�m�7��
�|�_�†�v���b�v���-���l�-�f�o�u���v�|�;�r���=�o�u�‰�-�u�7���=�o�u���t�†�-�m	ž�|�-	ž�ˆ�;���1�-�r�-�0�b�t�b	ž�;�v�:

���|�_�;�u���|�;�1�_�m�o�t�o�]�b�1�-�t���;�m�-�0�t�;�u�v
���l�-�]�b�m�]���l�-�v�v���1�‹�|�o�l�;�|�u�‹
���@�o�u�|�v���|�o���b�m�1�u�;�-�v�;���v�r�-	ž�-�t���u�;�v�o�t�†	ž�o�m���=�o�u���v�†�0�J�1�;�t�t�†�t�-�u���7�;�|�-�b�t��
�b�m�� 	ž�v�v�†�;�v�� �_�-�ˆ�;�� �v�;�;�m�� �|�_�;�� �7�;�ˆ�;�t�o�r�l�;�m�|�� �o�=�� �-�� �m�o�ˆ�;�t�7�� �_�b�]�_�J
�u�;�v�o�t�†	ž�o�m�� �b�l�-�]�b�m�]�� �|�;�1�_�m�b�t�†�;�7�� �b�l�-�]�b�m�]�� �l�-�v�v�� �1�‹�|�o�l�;�|�u�‹��
�P�������Q�7�� �o�|�_�;�u�‰�b�v�;�� �h�m�o�‰�m�� �-�v�� ���‹�$����� �b�l�-�]�b�m�]�:���$�_�;�� �-�7�-�r�|�--
	ž�o�m�� �o�=�� �_�b�]�_�� �r�-�u�-�l�;�|�;�u�� �Y�o�‰�� �1�‹�|�o�l�;�|�u�‹�� �1�o�l�0�b�m�;�7�� �‰�b�|�_��
laser ablation and time-of-flight (TOF) MS fundamen-
�|�-�t�v�� �r�u�o�ˆ�b�7�;�v�� �1�-�r�-�0�b�t�b	ž�;�v�� �|�o�� �-�m�-�t�‹�v�;�� �”�•�� �v�r�;�1�b�C�1�� �l�-�u�h�;�u�v��
�v�b�l�†�t�|�-�m�;�o�†�v�t�‹���‰�b�|�_�b�m���-���v�b�m�]�t�;��	ž�v�v�†�;���v�-�l�r�t�;�:�•�‘�7�•�’ Before 
laser ablation, sectioned tissue undergoes immuno-
�v�|�-�b�m�b�m�]���‰�b�|�_���l�;�|�-�t�J�t�-�0�;�t�t�;�7���-�m	ž�0�o�7�b�;�v�8���|�_�;���v�b�]�m�-�t���b�v���|�_�;�m��
�-�l�r�t�b�C�;�7���‰�b�|�_���-���l�;�|�-�t���1�_�;�t�-	ž�m�]���r�o�t�‹�l�;�u���o�u���m�-�m�o�r�-�u	ž�1�t�;�:��
���‹�$������b�v���-���r�o�‰�;�u�=�†�t���l�†�t	ž�r�t�;�Š���b�l�-�]�b�m�]���r�t�-�•�o�u�l���|�_�-�|���1�-�m��
�-�m�-�t�‹�v�;���=�u�o�Œ�;�m���-�m�7����������	ž�v�v�†�;���v�-�l�r�t�;�v���-�|���-���v�r�-	ž�-�t���u�;�v�o-
�t�†	ž�o�m�� �0�;�|�‰�;�;�m�� �•�S
•�l�� �-�m�7�� �”�•�•�S�m�l�7���‰�b�|�_�� �1�-�r�-�0�b�t�b	ž�;�v�� �=�o�u��
�t�†�-�m	ž�|�-	ž�ˆ�;�� �-�m�-�t�‹�v�b�v�:�•�“�� �������� �1�-�m�� �u�;�ˆ�;�-�t�� �l�o�t�;�1�†�t�-�u�� �v�b�]�m�--
�|�†�u�;�v���‰�b�|�_���b�m�|�u�b�1�-�|�;���7�;�|�-�b�t���b�m��	ž�v�v�†�;�v���-�r�r�t�b�;�7���|�o���-���u�-�m�]�;���o�=��
�v�|�†�7�b�;�v�� �=�u�o�l�� �-�m�b�l�-�t�� 	ž�v�v�†�;�v�� �b�m�� �r�u�;�J�1�t�b�m�b�1�-�t�� �7�u�†�]�� �7�;�ˆ�;�t�o�r-
�l�;�m�|�7�� �|�o�� �r�-	ž�;�m�|�� �1�o�_�o�u�|�v�� �o�u�� �-�u�1�_�b�ˆ�;�7�� �v�-�l�r�t�;�v�� �b�m�� �1�t�b�m�b�1�-�t��
applications. An informative review on the principles 
�-�m�7�� �;�l�;�u�]�b�m�]�� �-�r�r�t�b�1�-	ž�o�m�v�� �o�=�� �������� �_�-�v�� �0�;�;�m�� �r�†�0�t�b�v�_�;�7��
by Chang �;�|�� �-�r�8,�•�”�7�•�u which included their own images 
�-�v�� �-�� �u�;�v�†�t�|�� �o�=�� �1�o�t�t�-�0�o�u�-	ž�o�m���‰�b�|�_�� �|�_�;�� ���;�7�t�;�‹�� �]�u�o�†�r�� �-�m�7��
the Fluidigm® team in Canada (Figure 5). ���������‰�-�v�� �C�u�v�|��
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commercialised in 2014 by Fluidigm®, and validated by 
the Bodenmiller group, identifying tumour microenvi-
�u�o�m�l�;�m�|�� �_�;�|�;�u�o�]�;�m�;�b�|�‹�� �b�m�� �������� �_�†�l�-�m�� �0�u�;�-�v�|�� �1�-�m�1�;�u��
samples.�•�•�� �"�b�m�1�;�� �|�_�b�v�� �u�;�r�o�u�|�7�� �������� �_�-�v�� �0�;�;�m�� �;�v�|�-�0�t�b�v�_�;�7��
for single-cellular phenotyping in a range of clinical 
�1�-�m�1�;�u�o�†�v���-�m�7���7�b�v�;�-�v�;�7��	ž�v�v�†�;�v�7�•�u�K�•�–���b�m���-�7�7�b	ž�o�m���|�o���b�7�;�m	ž-
�=�‹�b�m�]���0�b�o�7�b�v�|�u�b�0�†	ž�o�m�v���o�=���1�b�v�r�t�-	ž�m���b�m���_�;�-�t�|�_�‹���-�m�7���|�†�l�o�u�o�†�v��
	ž�v�v�†�;�v�:�v�•

���t�|�_�o�†�]�_�����������b�v���-���r�o�‰�;�u�=�†�t���r�t�-�•�o�u�l�7���|�_�;�u�;���-�u�;���o�m�]�o�b�m�]��
�7�;�ˆ�;�t�o�r�l�;�m�|�v�� �|�o�� �=�†�u�|�_�;�u�� �b�l�r�u�o�ˆ�;�� �b�|�v�� �1�-�r�-�0�b�t�b	ž�;�v�� �-�1�u�o�v�v��
�-�r�r�t�b�1�-	ž�o�m�v�:�������t�b�l�b�|�;�7���m�†�l�0�;�u���o�=���u�;�v�;�-�u�1�_�;�u�v���_�-�ˆ�;���-�1�1�;�v�v��
�|�o�� �|�_�;�� ���‹�r�;�u�b�o�m�� �������� �b�m�v�|�u�†�l�;�m�|�-	ž�o�m�� �7�†�;�� �|�o�� �u�;�t�-	ž�ˆ�;�t�‹��
expensive running costs and approximately £1.2�Smillion 
�|�o���r�†�u�1�_�-�v�;�:���$�_�;�u�;�=�o�u�;�7���r�u�o�f�;�1�|�v���;�l�r�t�o�‹�b�m�]�����������_�-�ˆ�;���|�o��
�1�o�m�v�b�7�;�u�� �|�_�;�� �r�u�o�f�;�1�|�� �1�o�v�|�v�:�����7�7�b	ž�o�m�-�t�t�‹�7�� �|�_�;�� �-�1�t�†�b�v�b	ž�o�m��
	ž�l�;�� �-�t�o�m�;�� �|�-�h�;�v�� �‘�Sh per 1�Smm2�7�� �‰�b�|�_�� 	ž�l�;�� �|�o�� �r�u�;�r�-�u�;��
�v�t�b�7�;�v�� �=�o�u�� �-�m�-�t�‹�v�b�v�� �u�;�t�†�b�u�b�m�]�� �‘�S�7�-�‹�v�:�� �+�;�|�7�� �|�_�;�� �v�|�-�m�7�-�u�7��
�t�†�-�t�b�|�‹�� �o�=�� �7�-�|�-�� �r�u�o�7�†�1�;�7�� �0�‹�� �������� �r�u�o�ˆ�b�7�;�v�� �;�Š�1�;�r	ž�o�m�-�t��
�7�;�|�-�b�t�� �|�_�-�|�� �_�-�v�� �v�b�]�m�b�C�1�-�m�|�t�‹�� �b�l�r�u�o�ˆ�;�7�� �_�o�‰�� �u�;�v�;�-�u�1�_�;�u�v��
analyse tissues, thus expanding possibilities of many 
�0�b�o�t�o�]�b�1�-�t���-�r�r�t�b�1�-	ž�o�m�v���-�m�7���;�l�;�u�]�b�m�]���-�v���-���1�u�b	ž�1�-�t���|�o�o�t���=�o�u��
research development and clinical outcome.

���m�� �-�7�7�b�|�b�o�m�� �|�o�� �������7�� �|�_�;�� �7�;�ˆ�;�t�o�r�l�;�m�|�� �o�=�� �-�� �v�b�l�b�t�-�u��
�b�m�v�|�u�†�l�;�m�|�-	ž�o�m�7�� �l�†�t	ž�r�t�;�Š�;�7�� �b�o�m�� �0�;�-�l�� �b�l�-�]�b�m�]�� �P���������Q��
�1�o�l�l�;�u�1�b�-�t�b�v�;�7�� �0�‹�� �������r�-�|�_®�� �b�v�� �-�� �7�b�u�;�1�|�� �1�o�l�r�;	ž�|�o�u�� �=�o�u��
�v�†�0�J�1�;�t�t�†�t�-�u�� �b�l�-�]�b�m�]�:�� ���������� �1�o�†�r�t�;�7���‰�b�|�_�� �;�b�|�_�;�u�� �"�����"�� �o�u��
�$��������"���;�m�-�0�t�;�v���b�7�;�m	ž�C�1�-	ž�o�m���o�=���†�r���|�o���”�•���v�r�;�1�b�C�1���0�b�o�t�o�]-
�b�1�-�t���r�u�o�|�;�b�m���l�-�u�h�;�u�v���-�|���-���]�u�;�-�|�;�u���u�;�v�o�t�†	ž�o�m���o�=���‘�•�•�Snm. A 
�m�†�l�0�;�u�� �o�=�� �-�r�r�t�b�1�-	ž�o�m�v�� �_�-�ˆ�;�� �7�;�l�o�m�v�|�u�-�|�;�7�� �|�_�;�� �1�-�r�-�0�b�t�b-
	ž�;�v���o�=�������������-�r�r�t�b�;�7���|�o�����������-�m�7���=�u�;�v�_���=�u�o�Œ�;�m��	ž�v�v�†�;�v�7�v�•�7�v�‘ 
�‰�b�|�_�� �r�o�v�v�b�0�b�t�b	ž�;�v�� �=�o�u�� �t�†�-�m	ž�C�1�-	ž�o�m�:�v�’������ �v�†�r�;�u�b�o�u�� �0�;�m�;�C�|��
�o�=�������������b�v���|�_�;���-�r�r�t�b�1�-	ž�o�m���o�=���|�_�;���b�o�m���0�;�-�l���‰�_�b�1�_���-�t�t�o�‰�v��
�=�o�u���u�;�v�-�l�r�t�b�m�]���-�[�;�u���-�1�t�†�b�v�b	ž�o�m�7���b�m���1�o�m�|�u�-�v�|���|�o�����������‰�_�b�1�_��
�=�†�t�t�‹�� �-�0�t�-�|�;�v�� �|�_�;�� 	ž�v�v�†�;�:�� ���o�‰�;�ˆ�;�u�7�� �0�o�|�_�� �|�;�1�_�m�b�t�†�;�v�� �v	ž�t�t��
�_�-�ˆ�;�� �1�_�-�t�t�;�m�]�;�v���‰�b�|�_���ˆ�-�t�b�7�-	ž�m�]�� �l�†�t	ž�r�t�;�Š�;�7�� �b�l�-�]�;�v�7�� �=�o�u��
instance visual inspection of antibody specificity by 
expert pathologists which is crucial but increases the 
	ž�l�;���o�=���7�-�|�-���-�m�-�t�‹�v�b�v�:

�����J�������J���"��
���m���;�l�;�u�]�b�m�]���|�;�1�_�m�b�t�†�;���b�m���|�_�;���‰�o�u�t�7���o�=���0�b�o�t�o�]�b�1�-�t�����"�����b�v��
�����J�������J���"���:�� �	�;�v�r�b�|�;�� �0�;�b�m�]�� �r�u�;�7�o�l�b�m�-�m�|�t�‹�� �†�v�;�7�� �r�u�;�ˆ�b-
�o�†�v�t�‹�� �|�o���ˆ�b�v�†�-�t�b�v�;�� �|�_�;�� �7�b�v�|�u�b�0�†	ž�o�m�� �o�=�� �l�;�|�-�t�t�b�1�� �;�t�;�l�;�m�|�v��
in pathologies associated with metal-dependent 

��b�]�†�u�;���”�:�����������b�l�-�]�;�v���7�;�l�o�m�v�|�u�-	ž�m�]���_�b�]�_���v�r�-	ž�-�t���u�;�v�o�t�†	ž�o�m���1�-�r�-�0�b�t�b	ž�;�v���0�‹���|�_�;���7�;�|�;�1	ž�o�m���o�=���r�u�o�|�;�b�m���l�-�u�h�;�u�v���b�m��
�m�o�u�l�-�t���l�o�†�v�;���v�l�-�t�t���b�m�|�;�v	ž�m�;���-�m�7���1�o�t�o�m��	ž�v�v�†�;�v�:�����l�-�]�;���o�0�|�-�b�m�;�7���=�u�o�l���!�;�=�;�u�;�m�1�;���•�”�����_�-�m�]��et al.���‘�•�•�•�:



�•�‘ �� �!�;�ˆ�b�;�‰�9�����l�;�u�]�b�m�]�����r�r�t�b�1�-�|�b�o�m�v���b�m�����-�v�v���"�r�;�1�|�u�o�l�;�|�u�‹�����l�-�]�b�m�]�8�����m�-�0�t�;�u�v���-�m�7���!�o�-�7�0�t�o�1�h�v

processes,�v�“�� �����J�������J���"���� �_�-�v�� �0�;�;�m�� �]�-�b�m�b�m�]�� �l�o�l�;�m�|�†�l��
�b�m���o�|�_�;�u���0�b�o�l�;�7�b�1�-�t���-�r�r�t�b�1�-	ž�o�m�v���v�†�1�_���-�v���7�u�†�]���l�o�m�b�|�o�u�b�m�]��
and receptor expression.�v�” One of the limitations of 
�����J�������J���"�����b�v���|�_�;���t�o�m�]��	ž�l�;���0�;�|�‰�;�;�m���v�-�l�r�t�b�m�]���r�o�b�m�|�v���b�m��
�‰�_�b�1�_���|�_�;���-�0�t�-�|�;�7���-�;�u�o�v�o�t���b�v���‰�-�v�_�;�7���o�†�|���o�=���|�_�;���-�0�t�-	ž�o�m��
�1�;�t�t���0�‹���|�_�;���b�m�;�u�|���]�-�v�;�v���P�;�:�]�:�����;�Q���|�o���|�_�;�����������=�o�u���b�o�m�b�v�-	ž�o�m��
�P�‰�-�v�_�o�†�|�� 	ž�l�;�Q�:���$�_�b�v�� �b�m�1�u�;�-�v�;�v�� �-�m�-�t�‹�v�b�v�� 	ž�l�;�v�� �-�m�7�� �t�b�l�b�|�v��
�|�_�;�� �r�u�-�1	ž�1�-�t�b�|�‹�� �o�=�� �|�_�;�� �|�;�1�_�m�b�t�†�;�� �=�o�u�� �1�t�b�m�b�1�-�t�� �†�v�;�:�� ���m�;��
�v�o�t�†	ž�o�m���‰�o�†�t�7���0�;�� �b�m�1�u�;�-�v�b�m�]�� �|�_�;�� �v�-�l�r�t�b�m�]�� �u�-�|�;�7���0�†�|�� �|�_�b�v��
�1�-�†�v�;�v���-�0�t�-�|�;�7���r�-�u	ž�1�t�;�v���|�o���l�b�Š���-�m�7�7���|�_�;�u�;�=�o�u�;�7���7�;�1�u�;�-�v�;�v��
�v�;�m�v�b	ž�ˆ�b�|�‹�:

�	�o�†�]�t�-�v���;�|���-�r�8�v�” have designed a dual volume laser abla-
	ž�o�m���1�;�t�t���‰�b�|�_���-�m���b�m�|�;�]�u�-�|�;�7���������� �|�o�u�1�_���‰�_�b�1�_���t�;�-�7�v���|�o���-�m��
�b�m�1�u�;�-�v�;���b�m���-�0�v�o�t�†�|�;���v�;�m�v�b	ž�ˆ�b�|�‹���†�r���|�o���•�“��	ž�l�;�v�:�������v�b�l�b�t�-�u��
design has been employed by Van Acker �;�|���-�r�82 to achieve 
�_�b�]�_���u�;�v�o�t�†	ž�o�m���P�v�†�0��
•�l�Q�7���v�b�m�]�t�;�� �1�;�t�t�� �b�l�-�]�b�m�]�� �o�=���l�;�l�0�u�--
�m�o�†�v�� �u�;�1�;�r�|�o�u�v�� �b�m�� �0�u�;�-�v�|�� �1�-�m�1�;�u�� �1�;�t�t�� �t�b�m�;�v�� �0�‹�� �-�‚�-�1�_�b�m�]��
a specifically designed diethylenetriaminepentaacetic 
�-�1�b�7�� �P�	�$�����Q�� �v�b�m�]�t�;�J�t�-�m�|�_�-�m�b�7�;�� �1�_�;�t�-�|�;�:�� �$�_�;�� �1�;�t�t�v�� �‰�;�u�;��
�1�o�m�1�o�l�b�|�-�m�|�t�‹�� �v�|�-�b�m�;�7���‰�b�|�_�� �-�� �Y�†�o�u�o�r�_�o�u�;���‰�_�b�1�_�� �-�t�t�o�‰�v��
�l�†�t	ž�J�b�l�-�]�b�m�]���o�=���|�_�;���v�-�l�;���v�-�l�r�t�;���‰�b�|�_�o�†�|���=�†�u�|�_�;�u���v�-�l�r�t�;��
�r�u�;�r�-�u�-	ž�o�m�� �o�u�� �v�-�l�r�t�;�� �7�;�m�-�|�†�u�-	ž�o�m�:���$�_�;�� �]�u�o�†�r�� �v�_�o�‰�;�7��
�|�_�;���r�o�|�;�m	ž�-�t���o�=�������J�������J���"�����|�o���o�@�;�u���l�o�u�;���b�m�=�o�u�l�-	ž�o�m���o�m��
�|�_�;�� �l�b�1�u�o�v�1�o�r�b�1�� �0�b�m�7�b�m�]�� �r�-�‚�;�u�m�� �o�=�� �l�;�l�0�u�-�m�o�†�v�� �u�;�1�;�r-
tors within single breast cancer cells when compared to 
�;�v�|�-�0�t�b�v�_�;�7���|�;�1�_�m�b�t�†�;�v���v�†�1�_���-�v���1�o�m�=�o�1�-�t���l�b�1�u�o�v�1�o�r�‹�:�v�”

�$�u�-�r�r�;�7���b�o�m���l�o�0�b�t�b�|�‹���$������b�m�v�|�u�†�l�;�m�|�v
�$�_�;�� �1�o�m�1�;�r�|�� �o�=�� �v�;�r�-�u�-	ž�m�]�� �b�v�o�0�-�u�b�1�� �v�r�;�1�b�;�v�� �b�m�� ���"�� �_�-�v��
�0�;�;�m���;�Š�|�;�m�v�b�ˆ�;�t�‹���7�o�1�†�l�;�m�|�;�7���v�b�m�1�;���|�_�;���C�u�v�|���b�o�m���l�o�0�b�t�b�|�‹��
� �$������1�o�m�C�]�†�u�;�7���b�m�v�|�u�†�l�;�m�|���0�;�1�-�l�;���1�o�l�l�;�u�1�b�-�t�t�‹���-�ˆ�-�b�t-
able in 2006.�v�u�� �$�_�;�� �m�o	ž�o�m�� �o�=�� �|�u�-�r�r�b�m�]�� �b�o�m�v�� �-�]�-�b�m�v�|�� �-��
�1�o�†�m�|�;�u�� �Y�o�‰�� �v�|�u�;�-�l�� �o�=�� �]�-�v�� �|�_�;�m�� �r�†�v�_�b�m�]�� �b�o�m�v�� �|�_�u�o�†�]�_��
using the axial voltage of the trap, lead onto the newly 
developed instrumentation described by Fernandez-
Lima �;�|�� �-�r.�v�• Trapped ion mobility mass spectrometry 
�P�$�����"�Q�� �r�u�o�ˆ�b�7�;�v�� �-�m�� �-�7�7�b	ž�o�m�-�t�� �7�b�l�;�m�v�b�o�m�� �o�=�� �v�;�r�-�u�-	ž�o�m��
�|�o�� �1�o�l�r�t�;�l�;�m�|�� �_�b�]�_�J�r�;�u�=�o�u�l�-�m�1�;�� � �$����� �|�;�1�_�m�o�t�o�]�‹��
�|�_�-�|�� �u�;�v�†�t�|�v�� �b�m�� �b�o�m�� �l�o�0�b�t�b�|�‹�� �u�;�v�o�t�†	ž�o�m�� �]�u�;�-�|�;�u�� �|�_�-�m�� �‘�•�•�:��
�"�b�l�b�t�-�u���|�o���b�o�m���l�o�0�b�t�b�|�‹���1�-�r�-�0�b�t�b�|�‹�7���-���0�†�@�;�u���]�-�v���-�1�1�;�t�;�u�-�|�;�v��
�l�o�t�;�1�†�t�;�v���b�m���r�u�o�r�o�u	ž�o�m���|�o���|�_�;�b�u���1�o�t�t�b�v�b�o�m�-�t���1�u�o�v�v�J�v�;�1	ž�o�m�:��
�$�_�;���-�7�ˆ�-�m�|�-�]�;���o�=���$�����"���|�;�1�_�m�o�t�o�]�‹���b�v���|�_�;���-�7�7�b	ž�o�m���o�=���-�m��
�;�t�;�1�|�u�b�1�� �C�;�t�7�� �|�_�-�|�� �1�-�r�|�†�u�;�v�� �|�_�;�v�;�� �v�;�r�-�u�-�|�;�7�� �b�o�m�v�� �0�-�v�;�7��
on their charge and thus narrow packets of ions can 
be released by altering the electric field, significantly 
�b�m�1�u�;�-�v�b�m�]���v�r�;�1�|�u�-�t���u�;�v�o�t�†	ž�o�m�:�����=���|�_�;�u�;���-�u�;���v	ž�t�t���†�m�u�;�v�o�t�ˆ�;�7��
peaks in the spectra, a narrow �l�D�Œ window can be magni-
�C�;�7���0�‹���-�7�f�†�v	ž�m�]���|�_�;���b�o�m���l�o�0�b�t�b�|�‹���u�;�v�o�t�†	ž�o�m���b�m���|�_�;���$�����"��

tunnel. This new technology is extremely powerful at 
resolving overlapping peaks for molecules with iden-
	ž�1�-�t�� �l�o�t�;�1�†�t�-�u�� �l�-�v�v�;�v�:�� �"�r�u�-�]�]�b�m�v���;�|�� �-�r�8�v�v demonstrated 
�_�b�]�_�J�u�;�v�o�t�†�|�b�o�m�� �b�l�-�]�b�m�]�� �1�-�r�-�0�b�t�b�|�b�;�v�� �o�=�� �$�����"�� �1�o�†�r�t�;�7��
�|�o�� �-���$����� �b�m�v�|�u�†�l�;�m�|�� �|�o�� �v�;�r�-�u�-�|�;�� �b�v�o�0�-�u�b�1�� �r�_�o�v�r�_�-	ž�7�‹�t-
choline species with 3�S�l�	�-�� �l�-�v�v�� �7�b�@�;�u�;�m�1�;�� �b�m�� �-���‰�_�o�t�;�J
�0�o�7�‹���l�o�†�v�;���r�†�r���v�;�1	ž�o�m���-�|���•�•�S
•�l���v�r�-	ž�-�t���u�;�v�o�t�†	ž�o�m�:���$�_�;��
�7�b�@�;�u�;�m�1�;���0�;�|�‰�;�;�m���|�_�;�v�;���|�‰�o���v�r�;�1�b�;�v���v�_�o�‰�;�7���7�b�v	ž�m�1	ž�ˆ�;��
�t�o�1�-�t�b�v�-	ž�o�m�v�8�� �����P�’�“�9�’�Q��+�� �=�o�†�m�7�� �|�_�u�o�†�]�_�o�†�|�� �|�_�;�� 	ž�v�v�†�;�7��
�-�0�v�;�m�|���‰�b�|�_�b�m���|�_�;�� �0�u�-�b�m���-�m�7���v�r�b�m�-�t�� �1�o�u�7�7�� �-�v�� �����P�’�‘�9�•�Q���-+ 
�‰�-�v�� �v�b�]�m�b�C�1�-�m�|�t�‹�� �t�o�1�-�t�b�v�;�7�� �b�m�� �|�_�;�� �0�u�-�b�m�7�� �v�r�b�m�;�� �-�m�7�� �b�m�|�;�v-
	ž�m�;�v (Figure 6). The ability to separate these isobaric 
�r�;�-�h�v�7���-�m�7���|�_�†�v���b�7�;�m	ž�=�‹�b�m�]���|�_�;���7�b�@�;�u�;�m�1�;�v���b�m���t�o�1�-�t�b�v�-	ž�o�m�7��
�_�-�v���r�o�|�;�m	ž�-�t���|�o���b�v�o�t�-�|�;���u�;�v�†�t�|�v���|�_�-�|���v�b�]�m�b�C�1�-�m�|�t�‹���b�l�r�-�1�|���-��
study’s outcome.

���l�r�u�o�ˆ�b�m�]���b�o�m�b�v�-	ž�o�m���;�L�1�b�;�m�1�‹���‰�b�|�_���������	���J�‘
�������	���J�‘�� �‰�-�v�� �o�u�b�]�b�m�-�t�t�‹�� �7�;�ˆ�;�t�o�r�;�7�� �0�‹�� ���b�;�_�-�†�v���;�|�� �-�r�8,�v�– 
�=�u�o�l�� �|�_�;�� �&�m�b�ˆ�;�u�v�b�|�‹�� �o�=�� ���†�m�v�|�;�u�� �|�o�� �b�m�1�u�;�-�v�;�� �v�;�m�v�b	ž�ˆ�b�|�‹�7��
�l�-�v�v�� �-�1�1�†�u�-�1�‹�� �-�m�7�� �|�o�� �-�1�_�b�;�ˆ�;�� �b�l�r�u�o�ˆ�;�l�;�m�|�v�� �b�m�� �v�r�-	ž�-�t��
�u�;�v�o�t�†	ž�o�m�:�� �)�_�b�t�v�|�� �|�_�;�� �b�m�1�u�;�-�v�;�� �b�m�� �v�r�-	ž�-�t�� �u�;�v�o�t�†	ž�o�m�� �b�v��
�u�;�]�-�u�7�;�7���]�;�m�;�u�-�t�t�‹���-�v���-���0�;�m�;�C�|���u�;�v�†�t	ž�m�]���b�m���l�o�u�;���7�;�|�-�b�t�;�7��
molecular imaging, sub-1�S
•�l�� �r�b�Š�;�t�� �v�b�Œ�;�� �t�b�l�b�|�v�� �v�;�m�v�b	ž�ˆ�b�|�‹��
by reducing the number of available ionised molecules 
�1�o�l�r�-�u�;�7�� �|�o�� �-�� �t�-�u�]�;�u�� �-�0�t�-	ž�o�m�� �-�u�;�-�:�� ���o�m�v�b�7�;�u�b�m�]�� �|�_�-�|�� �b�m��
���"�����|�_�;�u�;���b�v���o�[�;�m���-���v�l�-�t�t���-�l�o�†�m�|���o�=���-�m�-�t�‹�|�;���-�ˆ�-�b�t�-�0�t�;���-�m�7��
�|�_�-�|���b�o�m�b�v�-	ž�o�m���;�L�1�b�;�m�1�b�;�v���=�o�u���������	�����-�u�;���b�m���|�_�;���u�;�]�b�o�m���o�=��
1�S�µ�S10–4���-�m�7���t�o�‰�;�u�7���7�;�|�;�1	ž�m�]���v�l�-�t�t���t�†�-�m	ž	ž�;�v���1�-�m���r�u�;�v�;�m�|��
a problem.

This issue has been addressed with further advance-
ments in MS hardware with the development of the 
�������	���J�‘���b�m�v�|�u�†�l�;�m�|�-	ž�o�m�7�–�•�7�–�• where an orthogonal post-
�b�o�m�b�v�-	ž�o�m���t�-�v�;�u���|�u�b�]�]�;�u�v���-���v�;�1�o�m�7�-�u�‹���b�o�m�b�v�-	ž�o�m���r�u�o�1�;�v�v���o�=��
neutral molecules in the gas phase�� �P��b�]�†�u�;�� �•�Q�:��This is 
reported to increase ion yields by up to two orders of 
�l�-�]�m�b�|�†�7�;�:�� �!�;�1�;�m�|�� �-�r�r�t�b�1�-	ž�o�m�v�� �b�m�1�t�†�7�;�� �r�_�-�u�l�-�1�;�†	ž�1�-�t��
research�–�• and cell biology,�v�– and report much-improved 
visualisation of compounds in comparison to conven-
	ž�o�m�-�t���������	�����-�r�r�u�o�-�1�_�;�v�:

�	�-�|�-���r�u�o�1�;�v�v�b�m�]
Alongside the continuous pressure for technological 
�-�7�ˆ�-�m�1�;�l�;�m�|�� �b�m�� ���"���� �b�v�� �|�_�;�� �7�;�l�-�m�7�� �=�o�u�� �†�v�;�u�� �=�u�b�;�m�7�t�‹�7��
�‹�;�|�� �7�‹�m�-�l�b�1�� �7�-�|�-�� �r�u�o�1�;�v�v�b�m�]�� �-�m�7�� �b�m�|�;�u�r�u�;�|�-	ž�o�m�� �|�o�o�t�v�:��
The data generated in imaging experiments results in 
�t�-�u�]�;�� �1�o�l�r�t�;�Š�� �7�-�|�-�� �C�t�;�v�� �P�1�o�l�l�o�m�t�‹�� �»�•�•�SGB per image) 



���:���!�†�v�v�o��et al., J. Spectral Imaging 9, a13 (2020)�� �•�’

�‰�_�b�1�_�� �u�;�t�†�b�u�;�� �-�� �l�†�t�|�b�|�†�7�;�� �o�=�� �r�o�v�|�J�b�l�-�]�;�� �r�u�o�1�;�v�v�b�m�]��
steps. Studying a biological molecule of interest within a 
	ž�v�v�†�;���v�-�l�r�t�;���r�o�v�;�v���-���u�-�m�]�;���o�=���r�o�|�;�m	ž�-�t���1�_�-�t�t�;�m�]�;�v�8���r�o�v�|��
�b�l�-�]�b�m�]���v�o�[�‰�-�u�;�7���|�_�;�u�;�=�o�u�;�7���m�;�;�7�v���|�o���r�o�v�v�;�v�v���-���u�-�m�]�;���o�=��
�|�o�o�t�0�o�Š���=�†�m�1	ž�o�m�-�t�b	ž�;�v���|�o���1�o�u�u�;�1�|���|�_�;���b�v�v�†�;�v���-�u�b�v�b�m�]���=�u�o�l��
�|�_�;�� �v�-�l�r�t�;�� �r�u�;�r�-�u�-	ž�o�m�� �-�m�7�� �b�l�-�]�;�� �-�1�t�†�b�v�b	ž�o�m�� �v�|�-�]�;�v�� �o�=��
�|�_�;���;�Š�r�;�u�b�l�;�m�|���7�;�v�1�u�b�0�;�7���r�u�;�ˆ�b�o�†�v�t�‹�:���$�_�;�v�;���l�-�‹���b�m�1�t�†�7�;�9��
�m�o�u�l�-�t�b�v�-	ž�o�m�7���l�-�|�u�b�Š���v�b�]�m�-�t���u�;�l�o�ˆ�-�t�7���0�-�v�;�t�b�m�;���1�o�u�u�;�1	ž�o�m�7��
�m�o�b�v�;���u�;�7�†�1	ž�o�m�7���v�r�;�1�|�u�-�t���-�t�b�]�m�l�;�m�|���-�m�7���v�r�;�1�|�u�-�t���0�b�m�m�b�m�]�:

���-�1�_�� ���"���� �b�m�v�|�u�†�l�;�m�|�� �ˆ�;�m�7�o�u�� �r�u�o�r�o�v�;�v�� �|�_�;�b�u�� �o�‰�m��
�r�u�o�r�u�b�;�|�-�u�‹���v�o�[�‰�-�u�;���=�o�u���|�_�;���r�u�o�1�;�v�v�b�m�]���o�=���-�1�t�†�b�u�;�7���b�l�-�]�;��
�7�-�|�-�:�����-�m�‹���o�=���|�_�;�v�;���r�u�o�7�†�1�;���7�b�@�;�u�;�m�|���C�t�;���|�‹�r�;�v�7���m�;�;�7�b�m�]��
�v�r�;�1�b�C�1���-�m�7���;�Š�r�;�m�v�b�ˆ�;���v�o�[�‰�-�u�;���|�o���o�r�;�m�:�����t�|�_�o�†�]�_���m�o�‰���-��

�=�-�l�b�t�b�-�u�� �1�o�m�1�;�r�|�� �-�l�o�m�]�v�|�� �t�;�-�7�b�m�]�� ���"���� �1�o�l�l�†�m�b	ž�;�v�7�� �|�_�;��
�7�;�ˆ�;�t�o�r�l�;�m�|���o�=���|�_�;���b�l�Œ�������C�t�;���=�o�u�l�-�|���‰�-�v���-���r�b�o�m�;�;�u�b�m�]��
�b�m�b	ž�-	ž�ˆ�;�� �‰�_�b�1�_�� �-�b�l�;�7�� �|�o�� �-�7�7�u�;�v�v�� �|�_�b�v�� �b�v�v�†�;�:�–�‘ The aim 
�o�=�� �|�_�;�� �b�l�Œ������ �C�t�;�� �=�o�u�l�-�|�� �b�v�� �|�o�� �=�-�1�b�t�b�|�-�|�;�� �|�_�;�� �v�_�-�u�b�m�]�� �o�=��
�b�l�-�]�b�m�]�� �7�-�|�-�� �7�;�v�r�b�|�;�� �|�_�;�� �7�b�ˆ�;�u�v�;�� �b�m�v�|�u�†�l�;�m�|�-	ž�o�m�� �-�m�7��
�7�-�|�-���v�o�[�‰�-�u�;���1�†�u�u�;�m�|�t�‹���0�;�b�m�]���†�v�;�7���‰�b�|�_�b�m���u�;�v�;�-�u�1�_���]�u�o�†�r�v�:��
Schramm �;�|���-�r�8�–�‘���u�;�r�o�u�|�;�7���o�m���|�_�;���r�o�|�;�m	ž�-�t���r�o�v�b	ž�ˆ�;���b�l�r�-�1�|��
�|�_�-�|�� �b�l�Œ������ �1�o�†�t�7�� �_�-�ˆ�;�� �o�m�� �1�o�t�t�-�0�o�u�-	ž�ˆ�;�� �v�|�†�7�b�;�v�:������ �v�|�-�m-
�7�-�u�7�b�v�;�7���C�t�;���|�‹�r�;���|�_�-�|���1�o�†�t�7���;�m�-�0�t�;���1�o�l�r�-�u�b�v�o�m���o�=���b�l�-�]�;�v��
�]�;�m�;�u�-�|�;�7�� �0�‹�� �7�b�ˆ�;�u�v�;�� ���"���� �b�m�v�|�u�†�l�;�m�|�-	ž�o�m���‰�o�†�t�7�� �-�t�t�o�‰��
�;�L�1�b�;�m�|�� �;�Š�1�_�-�m�]�;�� �o�=�� �b�l�-�]�b�m�]�� �C�t�;�v�� �0�;�|�‰�;�;�m�� �b�m�v	ž�|�†	ž�o�m�v��
of academia, industries, health services and police forces. 
�$�_�b�v���C�t�;���=�o�u�l�-�|���=�o�u�����"�����b�v���m�o�‰���;�l�r�t�o�‹�;�7���b�m���l�-�m�‹���=�u�;�;���-�m�7��
�1�o�l�l�;�u�1�b�-�t�t�‹���-�ˆ�-�b�t�-�0�t�;���v�o�[�‰�-�u�;���|�o�o�ts (Table 1).
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improve and build on image processing strategies there 
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capture along with the ability to be responsive to instru-
mental inconsistencies. Moreover, processing tools which 
consider sample batch variation and perform tissue 
comparisons not only across biological replicates but 
within the specimens themselves are necessary. Veselkov 
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�$�b�Œ�(�b�Œ���_�-�v���-���0�;�|�-���ˆ�;�u�v�b�o�m���-�ˆ�-�b�t�-�0�t�;���P���_�u�b�v	ž�-�m����†�1�_�v�0�;�u�]�;�u�Q�7�����m�7�b�]�o�����t�-�•�o�u�l���-�t�v�o��
�b�m�1�t�†�7�;�v���	���"�����b�l�-�]�;���r�u�o�1�;�v�v�b�m�]���P���u�o�v�o�t�b�-�7���!�-�m�‹���†�t�t�b�-�m�Q���-�m�7�����"���l�-�]�;���(�b�;�‰�;�u���b�v��
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�r�-�‚�;�u�m�� �u�;�1�o�]�m�b	ž�o�m�� �-�r�r�u�o�-�1�_�;�v�� �-�m�7�� �;�l�r�t�o�‹�v�� �b�m�|�†�b	ž�ˆ�;��
“�b�m�v�|�u�†�l�;�m�|�-�r�� �r�;�-�u�m�b�m�]” which focusses on inter-sample 
(between samples) as opposed to intra-sample (within 
�-�� �v�-�l�r�t�;�Q�� �m�o�u�l�-�t�b�v�-	ž�o�m�:�� �$�_�;�� �7�b�@�;�u�;�m�1�;�v�� �b�m�� �m�o�u�l�-�t�b�v�--
tion between inter and intra is either a scaling factor 
�-�r�r�t�b�;�7���;�t�†�-�t�t�‹���=�o�u���-�t�t���v�r�;�1�|�u�-���‰�b�|�_�b�m���-���v�r�;�1�b�C�1���v�-�l�r�t�;���o�u��
�m�o�u�l�-�t�b�v�-	ž�o�m���ˆ�b�-���|�_�;���|�o�|�-�t���b�o�m���1�o�†�m�|�7���u�;�v�r�;�1	ž�ˆ�;�t�‹�7���b�:�;�:���r�;�u��
�v�r�;�1�|�u�†�l�� �m�o�u�l�-�t�b�v�-	ž�o�m�:���$�_�;�� �r�‹�����"���"�� �l�†�t	ž�J�b�m�|�;�]�u�-�|�;�7��
�v�o�[�‰�-�u�;�� �-�b�l�v�� �|�o�� �r�t�-�‹�� �-�� �l�-�f�o�u�� �u�o�t�;�� �b�m�� �|�_�;�� �-�l�-�t�]�-�l�-	ž�o�m��
between research and clinically relevant data.
�>���-�v�v���l�-�]�;�u�?�7���-���v�o�[�‰�-�u�;���|�o�o�t���r�u�o�7�†�1�;�7���0�‹�����;���;�|���-�r�8,101 

�=�o�1�†�v�;�v�� �o�m�� �b�m�J�7�;�r�|�_�� ���"���� �-�m�-�t�‹	ž�1�v���‹�;�|�� �;�l�r�t�o�‹�v�� �-�� �†�v�;�u��
friendly approach at the �b�m�� �v�b�|�† metabolomics level. 
�$�_�b�v�� �r�u�o�1�;�v�v�b�m�]�� �r�t�-�•�o�u�l�� �1�t�-�b�l�v�� �|�o�� �-�t�t�o�‰��“�-�u�¼�C�1�b�-�r�� �b�m�|�;�r-
�r�b�]�;�m�|���r�-�|�_�o�r�o�]�b�1�-�r���7�b�-�]�m�o�v�b�v”���-�m�7���b�v���r�-�u	ž�1�†�t�-�u�t�‹���†�v�;�=�†�t���=�o�u��
metabolomic toxicity data. The reasoning behind this is 
�|�_�;���_�b�]�_�J�|�_�u�o�†�]�_�r�†�|���7�-�|�-���r�u�o�1�;�v�v�b�m�]���=�†�m�1	ž�o�m���=�-�1�b�t�b�|�-	ž�m�]��
�o�0�v�;�u�ˆ�-	ž�o�m�� �o�=�� �r�_�-�u�l�-�1�o�h�b�m�;	ž�1�v�L�-�0�v�o�u�r	ž�o�m�7�� �7�b�v�|�u�b�0�†-
	ž�o�m�7���l�;�|�-�0�o�t�b�v�l���-�m�7���;�Š�1�u�;	ž�o�m�:

�(�b�v�†�-�t�b�v�-	ž�o�m�� �o�=�� �;�m�7�o�]�;�m�o�†�v�� �0�b�o�t�o�]�b�1�-�t�� �l�o�t�;�1�†�t�;�v�� �1�-�m��
be linked to the presence of other species that co-exist 
within a tissue specimen. Elemental analysis is one 
�;�Š�-�l�r�t�;�� �o�=�� �_�o�‰�� �|�_�;�� �7�b�v�|�u�b�0�†	ž�o�m�� �o�=�� �0�b�o�l�-�u�h�;�u�v�� �1�-�m�� �0�;��
�t�b�m�h�;�7�� �|�o�� �|�_�;�� �r�-�|�_�o�t�o�]�b�1�-�t�� �0�-�v�b�v�� �o�=�� �7�b�v�;�-�v�;�� �o�u�� �-�� �v�r�;�1�b�C�1��
�7�b�v�;�-�v�;�� �v�|�-�|�;�:�� �>�����J�b���-�]�;�"�?�� �b�v�� �-�� �v�o�r�_�b�v	ž�1�-�|�;�7�� �|�o�o�t�� �7�;�ˆ�;�t-
�o�r�;�7���|�o���v�|�†�7�‹���0�o�|�_���t�†�-�t�b�|�-	ž�ˆ�;���-�m�7���t�†�-�m	ž�|�-	ž�ˆ�;���;�t�;�l�;�m�|�-�t��
�v�r�-	ž�-�t�� �7�b�v�|�u�b�0�†	ž�o�m�:102 The user is able to visualise an 
element of interest in a two- or three-dimensional rota-
	ž�o�m�-�t���1�o�t�o�†�u���l�-�r�:���$�_�b�v���o�r�;�m���v�o�†�u�1�;���|�o�o�t���b�v���u�;�r�o�u�|�;�7���|�o���0�;��
�;�-�v�‹���|�o���o�r�;�u�-�|�;�7���o�l�b	®�m�]���|�_�;���m�;�1�;�v�v�b�|�‹���o�=���r�u�b�o�u���0�b�o�b�m�=�o�u-
�l�-	ž�1�v���;�Š�r�;�u	ž�v�;�:

The ability to observe both isolated and co-localised 
�v�b�]�m�-�t�v���o�@�;�u�v���l�-�m�‹���-�7�ˆ�-�m�|�-�]�;�v���|�_�-�|���‰�o�†�t�7���0�;���;�Š�|�u�;�l�;�t�‹��
relevant for pathological and toxicity studies.

���o�m�1�t�†�v�b�o�m�F�=�†�|�†�u�;���r�;�u�v�r�;�1	ž�ˆ�;
�$�_�;�� �r�†�0�t�b�v�_�;�7�� �u�;�v�;�-�u�1�_���‰�b�|�_�b�m�� �|�_�;�� �7�‹�m�-�l�b�1�� �C�;�t�7�� �o�=�� ���"��
�u�;�r�o�u�|�v���b�m�m�o�ˆ�-	ž�o�m�v���b�m���;�L�1�b�;�m�|���b�o�m�b�v�-	ž�o�m�7���l�-�v�v���v�;�t�;�1	ž�o�m��
�-�m�7���7�;�|�;�1	ž�o�m�7���-�t�o�m�]���‰�b�|�_���l�†�t	ž�=�†�m�1	ž�o�m�-�t���7�-�|�-���r�u�o�1�;�v�v�b�m�]��
�-�m�-�t�‹�|�b�1�v�:�� �	�;�v�r�b�|�;�� �1�†�|�|�b�m�]�� �;�7�]�;�� �|�;�1�_�m�b�t�†�;�v�� �|�_�;�u�;�� �‰�b�t�t��
always be a common ground amongst the MS community, 
�b�:�;�:���-�m���;�Š�r�;�1�|�-	ž�o�m���=�u�o�l���†�v�;�u�v���o�=���1�o�m	ž�m�†�-�t���-�7�ˆ�-�m�1�;�l�;�m�|��
in all areas that remains constant. Robust reproducible 
analytical data is vital, without compromising instru-
�l�;�m�|�-�t�� �v�;�m�v�b	ž�ˆ�b�|�‹�� �-�m�7���l�-�v�v�� �-�1�1�†�u�-�1�‹�8�� �-�m���b�m�1�;�v�v�-�m�|�� �1�_�-�t-
lenge in itself. Whether these remarkable instruments 

are used individually or as a combined system, here now 
�u�;�l�-�b�m�v���-�m���;�Š�1�b	ž�m�]���=�†�|�†�u�;���=�o�u�����"���7���‰�_�-�|�;�ˆ�;�u���|�_�;���-�u�;�-���o�=��
research may be.
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